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I. Background and Objectives for the Systematic Review
Pancreatic cancer is the fourth most common cause of cancer death among men and women
in the United States.1,2 In 2013, about 45,000 people in the United States will receive a diagnosis
of pancreatic cancer, and 38,000 will die of the disease.3 The median age at diagnosis is 71 years,
the overall 5-year survival is 5.8 percent, and the overall age-adjusted mortality rate is 10.8 per
100,000 people per year.4,5 The most common type of pancreatic cancer is adenocarcinoma
(approximately 90% of all pancreatic malignancies).2 Based on rates from 2007 to 2009, the
lifetime risk of receiving a diagnosis of pancreatic cancer is 1.47 percent.5
Risk factors for pancreatic cancer include tobacco use; a personal history of pancreatitis,
diabetes, or obesity; and a family history of pancreatic cancer.1 About 10 percent of patients with
pancreatic cancer have a positive family history for the disease.4 Pancreatic cancer incidence
rates were reportedly highest among African-American men (21.3 per 100,000) and women
(17.6 per 100,000) during 2004 and 2008.1 The second highest rates were reported for white men
(16.8 per 100,000) and women (12.8 per 100,000).1 The differences between these populations
and burden of disease may be related to higher rates of cigarette smoking and diabetes mellitus
among African-American men versus white men and higher body mass indices among AfricanAmerican women versus white women.1
Screening for pancreatic adenocarcinoma is not recommended for the general population
(e.g., the U.S. Preventive Services Task Force gives it a D recommendation).6 However, some
professional organizations recommend screening those who are at high risk of developing
pancreatic cancer. One report7 suggested that having two or more first-degree relatives with
pancreatic cancer is sufficient justification for considering a screening test (or three or more
blood relatives with pancreatic cancer, one of whom is a first-degree relative). Further, some
genetic risk factors (e.g., Peutz-Jeghers syndrome, Lynch syndrome, and BRCA2, PALB2, and
p16 mutations) motivate testing when the patient also has had a first-degree relative with
pancreatic cancer.7
This review concerns imaging tests to identify and diagnose suspected pancreatic cancer and
to determine stage and surgical resectability of the disease.4,8 The sections below describe the
roles of various imaging tests in informing these clinical decisions.
Diagnosis and Staging
Patients often remain asymptomatic or have only nonspecific symptoms such as malaise,
fatigue, and loss of appetite until late in the course of the disease—often after it has spread
extensively—when weight loss, jaundice, and severe abdominal pain often appear. Due to late
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diagnosis, approximately 80 to 85 percent of cases are unresectable (i.e., too advanced to permit
surgical resection),9 and the median survival of patients with unresectable tumors is only 6 to10
months.10
Common symptoms leading to suspicion of pancreatic cancer are jaundice, epigastric pain,
and weight loss.11 Signs and symptoms alone, however, are insufficient to diagnose pancreatic
cancer. In one study of 70 patients suspected of having pancreatic cancer, only 30 actually had
the disease; of the other 40, 16 had irritable bowel syndrome, 9 had other types of intraabdominal cancer, 8 had pancreatitis, and 7 had other conditions.12 Thus, additional clinical
information—including imaging tests, laboratory values, and biopsies—are important to
differentiate these conditions from pancreatic cancer.
Multidetector computed tomography (MDCT) scan is often the first imaging test in a patient
whose symptoms suggest pancreatic adenocarcinoma. It provides three-dimensional (3D)
multiplanar reconstruction images that enable determination of tumor size, extent, and spread
with a standardized pancreas protocol.13,14 The test does not always differentiate malignant from
benign pancreatic lesions, and its ability to detect small tumors or small hepatic/peritoneal
metastases is limited. A concern about MDCT is that the procedure exposes the patient to
radiation and therefore may increase cancer risk. Also, the quality of the CT protocol, as well as
the experience and expertise of the radiologist reading the CT, may influence the accuracy of
MDCT for diagnosis and staging of pancreatic adenocarcinoma.
One notable type of MDCT is MDCT with angiography with or without 3D reconstruction.15
This technology permits more precise imaging of blood vessels than other forms of MDCT.
Given its importance, in our review we will separate it from other forms of MDCT.
Other procedures and imaging tests are also used to aid diagnosis of pancreatic adenocarcinoma,
including endoscopic ultrasound with fine-needle aspiration (EUS-FNA), positron emission
tomography–computed tomography (PET-CT), and magnetic resonance imaging (MRI).
For EUS-FNA, a specialized ultrasound probe is introduced orally and advanced via an
endoscope through the upper gastrointestinal tract toward the pancreas. The probe’s proximity to
the pancreas allows the ultrasound to access and image the entire pancreas, the related
vasculature, and associated lymph nodes. The endoscopist can take a small aspiration (FNA) of
any suspicious lesions, permitting cytologic evaluation. If the biopsy is adequate, EUS-FNA can
distinguish benign from malignant lesions and characterize certain types of lesions (e.g., cystic
pancreatic lesions).16 Reported disadvantages of EUS-FNA include the procedure’s invasiveness,
dependence on the skill of the endoscopist, and its inability to evaluate distant metastases.14 The
relative newness of EUS-FNA could mean large variation in endoscopists’ technical skills.
Potential patient harms related to EUS-FNA include perforation and bleeding, pancreatitis, and
adverse effects related to sedation.
PET is a whole-body scan whose image highlights where a radioisotope tracer concentrates
and is, therefore, particularly useful for detecting distant metastases. The most commonly used
radioisotope tracer is fluorodeoxyglucose 18F (FDG). FDG-PET can locate sites metabolically
active, such as malignant tumors or sites with inflammation, and may help distinguish malignant
tumors from benign pancreatic cysts or other masses that are not metabolically active. FDG-PET
and CT can be combined to add precise anatomic localization (from CT) to functional data (from
PET). The two scans are acquired concurrently, and the data from each are merged.
MRI is an alternative to MDCT as an initial imaging test for patients with a clinical suspicion
of pancreatic adenocarcinoma or as a tool to evaluate the extent of disease. During an MRI
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procedure, electromagnetic fields and radiofrequency radiation translate hydrogen nuclei
distribution in body tissues into images of anatomic structure. Similar to MDCT, a standardized
pancreas protocol is available. MRI may be helpful when characterizing small (<1 cm) hepatic
lesions, differentiating an inflammatory pancreatic mass from pancreatic adenocarcinoma, or
detecting metastases to the liver.14 MRI can also be used as an adjunct to CT to better detect
extrahepatic disease.17,18
As described above, the various available imaging modalities in the diagnosis and staging of
pancreatic adenocarcinoma have different strengths and potential benefits and weaknesses and
potential harms. At present, there does not appear to be a universal standard delineating which
imaging modalities to be used in which cases. This could be due in part to the difficulty of
diagnosing and managing such an aggressive cancer, as well as limitations in the relevant
evidence. It may also be related to the relative newness of some technologies (e.g., PET-CT). For
the clinical team involved in the process, determining which modality or modalities to use, in
which clinical situations, and in what order can be difficult.
For the patient, given the poor prognosis of most cases, these differences in modalities and
the consequences of their use are important to understand. In addition, elucidating patients’
experience with and tolerance of various imaging modalities may help future patients weigh the
benefits and harms of the tests and allow them to incorporate their values and priorities. Once
pancreatic adenocarcinoma is diagnosed, the stage of disease is a key determinant of clinical
management, as well as a key predictor of survival. Most cases are diagnosed at an advanced
stage, precluding surgical resection.1 For localized disease, the 5-year survival is approximately
22 percent.1 When pancreatic adenocarcinoma is diagnosed at an advanced stage, the 5-year
survival is approximately 2 percent.1
The most commonly used system for staging pancreatic adenocarcinoma19 is the 2010
American Joint Committee on Cancer (AJCC) system20:
•
•
•
•

•
•
•

Stage 0: carcinoma in situ, with neither lymph node involvement nor metastases
Stage IA: a ≤ 2-cm tumor limited to the pancreas, with neither lymph node involvement
nor metastases
Stage IB: a > 2-cm tumor limited to the pancreas, with neither lymph node involvement
nor metastases
Stage IIA: any size tumor that extends beyond the pancreas but does not involve either
the celiac axis or the superior mesenteric artery (SMA) and is without lymph node
involvement or metastases
Stage IIB: the same as IIA, except the lymph nodes are involved
Stage III: any size tumor that involves the celiac axis or SMA and lymph nodes but
without metastases
Stage IV: any size tumor, any lymph node involvement, and metastases

We note that an exact staging process before surgery (i.e., assigning the patient to stage
I/II/III/IV) for pancreatic adenocarcinoma may not be carried out, and the patient’s disease is
often staged at surgery. For unresectable cases, however, a biopsy is taken and a formal stage is
determined to guide the planning of treatments such as chemotherapy.
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Resectability
Surgical resection offers the only hope of cure and is decided via multidisciplinary
consultation (e.g., surgeon, gastroenterologist, radiologist, oncologist, radiation oncologist). The
two key factors in assessing resectability are distant metastasis (which usually indicate
unresectability) and blood vessel involvement (which sometimes indicates unresectability,
depending on the degree of involvement). The major blood vessels of focus are the superior
mesenteric vein (SMV), the portal vein, the celiac artery, the common hepatic artery, and the
SMA. According to the 2012 guideline from the National Comprehensive Cancer Network
(NCCN) on pancreatic adenocarcinoma16:
•

•

•

A resectable tumor shows no involvement of either the SMV or portal vein and shows
“clear fat planes” around the celiac axis, hepatic artery, and SMA, and there are no
distant metastases.
An unresectable tumor has a > 180-degree encasement of the SMA or any celiac
abutment, or an unreconstructible SMV/portal vein occlusion, or any aortic
invasion/encasement, or any distant metastases
A “borderline” resectable tumor fits neither of the two categories described above
(e.g., some abutment of the SMV/portal vein, a < 180-degree abutment of the SMA). For
these cases, the NCCN recommends biopsy and possible neoadjuvant chemotherapy,
which may shrink the tumor and permit subsequent resection.

These criteria continue to evolve, as surgical techniques advance and more tumors are deemed
resectable via reconstruction of blood vessels.19
Regarding the interface between stage and resectability, the AJCC and other professional
organizations state that Stages I and II are resectable, but Stages III and IV are not.20,21 However,
others believe that minor arterial involvement (Stage III) may still permit resection.19,22 Vincent
et al.22 argued that some Stage III cases are borderline resectable and may be appropriate targets
for neoadjuvant therapy followed by resection.
A. Rationale for the Review
Pancreatic adenocarcinoma is fatal if untreated, so it is critical to choose the right imaging
test and initiate therapy in a timely manner. A comparative effectiveness review (CER) on this
topic can assist medical decisions in several ways. First, different imaging tests are believed to
have utility in different circumstances (e.g., when suspicious of metastatic disease vs. localized
disease) and a clear delineation of the relevant evidence would help guide clinicians and patients
in choosing the most appropriate imaging test. Second, the evidence may favor some tests over
others and, if so, resources can be devoted to the better tests. Third, it is important to clarify the
practice of using a second imaging test: delineating the circumstances under which to order a
second test and which test to order; and if a test is ordered, what is its influence on diagnosis,
staging, survival, and quality of life. Fourth, the accuracy of any imaging test depends on the
operator’s and reader’s skills and the environment in which the test is performed (e.g., highvolume vs. low-volume centers). Determining the extent to which this is important for various
tests, can also help better guide clinicians and patients in the workup process. Fifth, harms are
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always a concern; by estimating the actual rates of the various harms of different imaging tests, a
CER can help discriminate reasonable fears from unreasonable ones.

II. Key Questions
Question 1
What is the comparative effectiveness of imaging techniques (e.g., MDCT angiography
± 3D reconstruction, other MDCT, EUS-FNA, PET-CT, MRI) for diagnosis of
pancreatic adenocarcinoma in adults with suspicious symptoms?
a. What is the accuracy of each imaging technique for diagnosis and assessment of
resectability?
b. What is the comparative accuracy of the different imaging techniques for diagnosis and
assessment of resectability?
c. What is the comparative diagnostic accuracy of using a single imaging technique versus
using multiple imaging techniques?
d. How is test experience (e.g., operative experience, assessor experience, center’s annual
volume) related to comparative diagnostic accuracy of the different imaging strategies?
e. How are patient factors and tumor characteristics related to the comparative diagnostic
accuracy of the different imaging strategies?
f. What is the comparative clinical management after the different imaging strategies when
used for diagnosis?
g. What is the comparative impact of the different imaging strategies on long-term survival
and quality of life when used for diagnosis?
Question 2
What is the comparative effectiveness of imaging techniques (e.g., MDCT angiography
± 3D reconstruction, other MDCT, EUS-FNA, PET-CT, MRI) for staging of pancreatic
adenocarcinoma among adults with a diagnosis of pancreatic adenocarcinoma?
a. What is the staging accuracy of each imaging technique (for tumor size, lymph node
status, vessel involvement, metastases, stage [I–IV], and resectability)?
b. What is the comparative staging accuracy among the different imaging techniques?
c. What is the comparative staging accuracy of using a single imaging technique versus
using multiple imaging techniques?
d. How is test experience (e.g., operative experience, assessor experience, center's annual
volume) related to comparative staging accuracy of the different imaging strategies?
e. How are patient factors and tumor characteristics related to the comparative staging
accuracy of the different imaging strategies?
f. What is the comparative clinical management of the different imaging strategies when
used for staging?
g. What is the comparative impact of the different imaging strategies on long-term survival
and quality of life when used for staging?
Question 3
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What are the rates of harms of imaging techniques (e.g., MDCT angiography ± 3D
reconstruction, other MDCT, EUS-FNA, PET-CT, MRI) when used to diagnose and/or stage
pancreatic adenocarcinoma?
a. How are patient factors related to the harms of different imaging techniques?
b. What are patient perspectives on the tolerance of different imaging techniques and the
balance of benefits and harms of different imaging techniques?
Question 4
What is the comparative screening accuracy of imaging techniques (e.g., MDCT
angiography ± 3D reconstruction, other MDCT, EUS-FNA, PET-CT, MRI) in high-risk
asymptomatic adults (i.e., those at genetic or familial risk of pancreatic adenocarcinoma)?
Many Key Questions (KQs) involve an assessment of “accuracy.” The best way to determine
the accuracy of an imaging test is to compare its interpretation to a gold standard. In this context,
the only gold standard is surgical findings. However, most patients do not undergo surgical
resection because their tumors are unresectable; as such, a gold standard is not available for most
patients. Instead, the imperfect reference standard is clinical followup. Thus, the imaging results
are compared against a gold standard for patients who undergo resection and an imperfect
reference standard for patients who do not.
The draft KQs were posted for public comment between February 26 and March 25, 2013, on
the Effective Health Care Program Web site. No comments were received. However, based on
discussion among Evidence-based Practice Center (EPC) team members, we made five changes
to the KQs (these changes are all reflected in the list of questions above):
•
•

•
•
•

We added the aspect of resectability to KQ 1 (diagnosis) because some patients are not
formally staged before surgery.
We added the precise stage (stage IA, IB, IIA, IIB, III, or IV) to KQ 2 (staging) because
some studies may report accuracy data based on stage (e.g., percentage of tumors judged
to be stage IB by imaging and were later found to be stage IB during surgery).
We changed KQ 3 (harms) to “rates of harms” rather than simply “harms” to clarify the
focus on how common the harms are, not simply what the possible harms are.
We added a subquestion to KQ 3 regarding the association between patient factors and
the harms of different imaging techniques.
We added a subquestion to KQ 3 regarding patient perspectives on tolerance of different
imaging techniques, as well as the balance of benefits and harms.

The table below summarizes the PICO (population, interventions, comparators, and outcomes)
for each KQ. The only timing (t) issue concerns the outcome of long-term survival and quality of
life, for which we will define “long-term” as 1 year or more. All settings (s) are potentially
relevant. In the table, population P1 is symptomatic patients being assessed for possible
pancreatic adenocarcinoma; population P2 is adults with known pancreatic adenocarcinoma;
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population P3 is asymptomatic adults at high risk for pancreatic adenocarcinoma. High risk
encompasses those with either a genetic or familial risks such as having two or more first-degree
relatives with pancreatic cancer; three or more blood relatives with pancreatic cancer, one of
whom is a first-degree relative; or having Peutz-Jeghers syndrome, Lynch syndrome, or a
BRCA2, PALB2, or p16 mutation in addition to having a first-degree relative with pancreatic
cancer.
KQ
1a

Population
P1

Interventions
MDCT angiography ±
3D reconstruction,
other MDCT, EUSFNA, PET-CT, or MRI
Same list as KQ 1a

Comparators
None

1b

P1

1c

P1

Single imaging test:
same list as KQ 1a

1d

P1

One test: most vs. least
experience

Multiple tests from the
list of interventions for
KQ 1a
Another test: most vs.
least experience

1e

P1

Patient factors or tumor
characteristics

1f

P1

Same list as KQ 1a

1g

P1

Same list as IQ 1a

Same as list of
interventions for KQ 1a

2a

P2

Same list as KQ 1a

None

2b

P2

Same list as KQ 1a

Same list

2c

P2

Single imaging test:
same list as KQ 1a

Multiple imaging tests:
same as list of
interventions for KQ 1a
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Another test from the
list of interventions for
KQ 1a

Comparator patient
factor (e.g., age) or
tumor characteristic
(e.g., head or tail of
pancreas)
Same as list of
interventions for KQ 1a

Outcomes
• Diagnostic accuracy as determined
by surgical findings and/or clinical
followup
• Accuracy of resectability judgment
• Diagnostic accuracy as determined
by surgical findings and/or clinical
followup
• Accuracy of resectability judgment
Diagnostic accuracy as determined by
surgical findings and/or clinical
followup
Diagnostic accuracy as determined by
surgical findings and/or clinical
followup
Diagnostic accuracy as determined by
surgical findings and/or clinical
followup
Clinical management (e.g., the
percentage of patients in whom
resection is attempted)
• Overall survival (minimum 1-year
followup)
• Pancreatic adenocarcinoma-specific
survival (minimum 1-year follow-up)
®
• Quality of life (e.g., SF-36 ;
minimum 1-year follow-up)
Staging accuracy as determined by
surgical findings and/or clinical
followup:
• T stage
• N stage
• M stage
• Stage I, II, III, or IV
• Vessel involvement
• Resectability
Staging accuracy as determined by
surgical findings and/or clinical
followup (same list as KQ 2a above)
Staging accuracy as determined by
surgical findings and/or clinical
followup (same list as KQ 2a above)

7

KQ
2d

Population
P2

Interventions
One test: greatest vs.
least experience

Comparators
Another test: greatest
vs. least experience

2e

P2

2f

P2

One test: effect of
patient factor or tumor
characteristic
Same list as KQ 1a

Another test: Effect of
patient factor or tumor
characteristic
Same as list of
interventions for KQ 1a

2g

P2

Same list as KQ 1a

Same as list of
interventions for KQ 1a

3

P1 or P2 or
P3

Same list as KQ 1a

None

3a

P1 or P2 or
P3
P1 or P2 or
P3

Patient factor

Comparator patient
factor
Any

3b

Same list as KQ 1a

Outcomes
Staging accuracy as determined by
surgical findings and/or clinical
followup (same list as KQ 2aabove)
Staging accuracy as determined by
surgical findings and/or clinical
followup (same list as above)
Clinical management (e.g., the
percentage of patients in whom
resection is attempted)
• Overall survival (minimum 1-year
followup)
• Pancreatic adenocarcinoma-specific
survival (minimum 1-year followup)
®
• Quality of life (e.g., SF-36 )
(minimum 1- year followup)
• Radiation from MDCT (e.g.,
carcinogenic effects)
• Adverse reactions to contrast agents
• Adverse reaction to
radiopharmaceuticals
• Pancreatitis from EUS-FNA
• Perforation or bleeding from EUSFNA
• Sedation-related effects of EUS-FNA
(e.g., nausea, vomiting)
See the list of harms for KQ 3

Patient perspectives on imaging
techniques, including tolerance,
satisfaction, preference, and balance of
benefits and harms
4
P3
Same list as KQ 1a
Same as list of
Screening accuracy as determined by
interventions for KQ 1a surgical findings and/or clinical
followup
Abbreviations: EUS-FNA = endoscopic ultrasound with fine needle aspiration; KQ = key question; MDCT =
multidetector computed tomography; PET-CT = combined position emission tomography and computed
tomography; MRI = magnetic resonance imaging; SF-36 = Short Form (36) Health Survey

III. Analytic Framework
An analytic framework illustrating the connections between the populations of interest, the
imaging techniques, and the outcomes is shown in Figure 1 below. Populations that are
undergoing or have undergone treatment for pancreatic adenocarcinoma are outside the scope.
The populations of interest enter the diagram at the left, undergo diagnosis (KQ 1), staging
(KQ 2), and then commence treatment. Some outcomes such as test performance can be
measured immediately after performing the tests, but the most important outcomes (such as longterm survival and quality of life) are measured after completion of treatment.
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An important factor in selecting an imaging modality is the availability and accessibility of
that modality. Although this factor will not be addressed formally in the review as a KQ, we plan
to collect and provide relevant information about the availability and accessibility of imaging
modalities and information about current patterns of care as available. This information will be
presented in the background and discussion sections to help place the evidence review findings
in context.
Figure 1. Analytic Framework
Adults with
symptoms
suspicious of
pancreatic
adenocarcinoma

1

2

1

Adults with known
pancreatic
2
adenocarcinoma

MDCT
EUS-FNA
PET-CT
MRI

1

Diagnosis
Staging

Clinical
management

2

2

Treatment

Tumorrelated
outcomes

Survival
Quality of
life

Procedural harms from treatment

Asymptomatic
adults with familial
or genetic risk of
4
pancreatic
adenocarcinoma

Note: Circled numbers, e.g.,

1

Procedural harms from imaging

1

3

denote Key Questions addressed by the systematic review. MDCT – Multidimensional

computed tomography; EUS-FNA – Endoscopic ultrasound with fine needle aspiration; PET-CT – Simultaneous positron emission
tomography and computed tomography; MRI – Magnetic resonance imaging

Figure 1. This figure depicts the Key Questions (circled numbers) within the context of the PICOTS (populations,
interventions, comparators, outcomes, time points, and setting). In general, the figure illustrates how different types
of patients (the three populations listed on the left) can undergo different imaging tests (listed in the large box),
resulting in the intermediate outcomes of diagnostic accuracy, staging accuracy, and clinical management decisions.
Treatment is intended to improve (if possible) the patient-oriented outcomes listed to the right: survival and quality of
life. Also, procedural harms of the imaging procedures may occur.

IV. Methods
A. Criteria for Inclusion/Exclusion of Studies in the Review
Our criteria are listed in five categories below: 1) publication criteria, 2) study design criteria,
3) patient criteria, 4) test criteria, and 5) data criteria. After we discuss the five categories, we
provide a table summarizing all of the inclusion/exclusion criteria.
Publication Criteria
1. Full-length articles. The article must be published as a full-length peer-reviewed study.
Abstracts and meeting presentations will not be included because they do not include
Source: www.effectivehealthcare.ahrq.gov
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sufficient details about experimental methods to permit an evaluation of study design and
conduct and because they may also contain only a subset of measured outcomes.23,24 In
addition, it is not uncommon for abstracts that are published as part of conference
proceedings to have inconsistencies when compared with the final publication of the study or
to describe studies that are never published as full articles.25-29
2. Redundancy. To avoid double-counting of patients when several reports of the same or
overlapping groups of patients are available, only outcome data based on the larger number
of patients will be included. However, we will include data from publications with lower
numbers of patients when either (a) a publication with lower patient enrollment reports an
included outcome that was not reported by other publications of that study or (b) a
publication with lower patient enrollment reports longer followup data for an outcome.
3. English language. Moher et al. have demonstrated that exclusion of non–English-language
studies from meta-analyses has little impact on the conclusions drawn.30 Juni et al. found that
non–English-language studies typically were of higher risk of bias and that excluding them
had little effect on effect-size estimates in the majority of the meta-analyses they examined.31
Although we recognize that in some situations exclusion of non–English-language studies
could lead to bias, we believe that the few instances in which this may occur do not justify
the time and cost typically necessary for translation of studies.
4. Publication date. We will include studies published since January 1, 2000. Older articles
likely included outdated technologies. For studies of harms of imaging technologies that did
not specifically involve pancreatic adenocarcinoma (i.e., any clinical indication), they must
have been published since January 1, 2009.
Study Design Criteria
1. Key Questions on single-test accuracy. For KQs 1a and 1b, which address the performance
of a single imaging test against a reference standard, we will first attempt to answer the
question using systematic reviews only. EPC guidance by White et al.32 states that existing
systematic reviews can replace de novo processes in CERs if the reviews are of sufficient
relevance and quality. For relevance, we will refer to the PICOTS-SD for the pertinent
subquestion, and these seven components—populations, interventions, comparisons,
outcomes, time points, setting, and study design—will be the seven inclusion criteria. For
sufficient quality, see section D below on risk of bias. If the included systematic reviews are
insufficient to answer either question on single-test accuracy, we will include primary studies
of single-test accuracy. For such primary studies, we will consult with the Technical Expert
Panel (TEP) to determine suitable inclusion criteria, given the time frame of the project.
2. Any Key Questions comparing two or more tests. The study must have compared both
tests to a reference standard.
3. Any Key Questions on single versus multiple tests, test experience, patient factors (e.g.,
age), or tumor characteristics (e.g., head or tail of pancreas). The study must have made a
Source: www.effectivehealthcare.ahrq.gov
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comparison of data to address the question. For example, for test experience, the difference
between MDCT and EUS-FNA may depend on the experience of the imaging centers (e.g.,
higher volume centers may find less of a difference in these technologies than lower-volume
centers).
4. Any Key Questions involving comparative clinical management or long-term
survival/quality of life. Some patients must have received one of the imaging tests, and a
separate group of patients must have received a different imaging test. This design permits a
comparison of how the choice of test may influence management and/or survival and/or
quality of life.
5. Key Question 3 on the rates of procedural harms. We will include any reported data on
more than 100 patients on the harms of imaging procedures from studies already included for
KQs 1 and 2, and we will also include single-test studies enrolling at least 100 patients that
reported data on the harms of an imaging procedure. In addition, we will search specifically
for reports of harms and adverse events associated with the use of each specific imaging
modality (such as radiation exposure and reactions to contrast agents) that were published in
2009 or later.
6. Key Question 3b on patient perspectives of imaging tests. Any study design will be
accepted.
Patient Criteria
1. To be included, the study must have reported data obtained from groups of patients in which
at least 85 percent of the patients were from one of the patient populations of interest. If a
study reported multiple populations, it must have reported data separately for one or more of
the populations of interest.
2. At least 85 percent of patients must have been age 18 or older, or data must have been
reported separately for patients age 18 or older.
3. Studies on the screening, diagnosis, and staging primary pancreatic adenocarcinoma will be
included. Testing for recurrent pancreatic cancer is excluded.
4. Data on imaging tests performed after any form of treatment (e.g., neoadjuvant
chemotherapy) will be excluded, but pretreatment imaging data will be considered.
Test Criteria
1. Only studies of the imaging tests of interest will be included (listed in the Key Questions
section above).
2. Studies of CT that did not explicitly state that CT was MDCT will be assumed to be MDCT.
Given our publication date criterion of 2000 and later, we believe it safe to assume that CT
performed in such studies was MDCT.
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Data Criteria
1. The study must report data pertaining to one of the outcomes of interest (see the Key
Questions section above).
a. For accuracy outcomes (KQ 1a–e, KQ 2a–e, and KQ 4), this means reporting enough
information for one to calculate both sensitivity and specificity, along with corresponding
confidence intervals.
b. For clinical management (KQ 1f and KQ 2f), this means reporting the percentage of
patients who received a specific management strategy after undergoing each imaging test
(a separate group of patients corresponding to each imaging test).
c. For long-term survival (KQ 1g and KQ 2g), this means either reporting median survival
after each imaging test (separate groups of patients), or mortality rates at a given time
point (separate groups of patients), or another patient survival measure such as a hazard
ratio.
d. For quality of life (KQ 1g and KQ 2g), this means reporting data on a previously tested
quality-of-life instrument (such as the Short Form [36] Health Survey) after each imaging
test (separate groups of patients).
e. For harms (KQ 3), there is a statement in the Methods section that harms/complications
would be measured, reporting the occurrence of a procedure-related harm and the ability
to determine the rate of that harm or reporting that no harms or complications occurred as
a result of the procedure.
f. For patient perspectives (KQ 3b), this means reporting the responses patients gave about
their opinions or experience after having undergone one or more of the imaging tests.
2. Regarding the minimum patient enrollment, for studies comparing imaging tests (KQ 1b–g
and KQ 2b–g), we required data on at least 10 patients per imaging test. We also used a
minimum of 10 for KQ 3b on patient perspectives of imaging tests. For single-test studies of
accuracy (KQ 1a and KQ 2a), if systematic reviews cannot answer the KQ, we required data
on at least 100 patients. We also used a minimum of 100 patients for data on harms (KQ 3) or
screening (KQ 4).
3. For all KQs, the reported data must have included at least 50 percent of the patients who had
initially enrolled in the study.
4. Studies that report data by tumor (e.g., percentage of pancreatic adenocarcinoma tumors that
were correctly detected) instead of by patient (e.g., percentage of enrolled patients that were
correctly given a diagnosis of pancreatic adenocarcinoma) will not be excluded for this
reason. However, the tumor-based data will be separated from the patient-based data because
they measure different types of accuracy.
The table on the next pages summarizes all of the inclusion criteria discussed above.
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KQ 1a &
KQ 2a
(single-test
accuracy)

Inclusion
criteria for
all KQs

Publication
date

KQ 1b, KQ 1c,
KQ 2b, &
KQ 2c
(comparative
accuracy)

KQ 1d, KQ 1e,
KQ 2d, &
KQ 2e
(influence of
various factors
on comparative
accuracy)

KQ 1f &
KQ 2f
(comparative
patient
management)

KQ 1g &
KQ 2g
(comparative
survival/quality
of life)

KQ 3 &
KQ 3a
(rates of harms,
patient factors)

KQ 3b
(patient
perspectives
on harms/
convenience)

KQ 4
(screening)

Full-length articles
English language
No double-counting of patients across publications
Reported data on one or more of the five imaging tests of interest (MDCT angiography, other MDCT, EUS-FNA, PET-CT, and MRI)
Images taken before any treatment
Clinical purpose for primary pancreatic adenocarcinoma screening, diagnosis, and staging rather than for recurrence (except for the harms
question in which we included data on other clinical conditions)
• At least 85 percent of patients were in the relevant population (or data for them was reported separately)
• At least 85 percent adults (or adult data reported separately)
• Reported data on at least 50 percent of those enrolled
2000+
2000+
• 2000+ for
studies
involving
screening,
diagnosis, and
staging of
pancreatic
adenocarcinoma
• 2009+ for other
studies
•
•
•
•
•
•

Source: www.effectivehealthcare.ahrq.gov
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KQ 1a &
KQ 2a
(single-test
accuracy)

Study
design

Minimum
N at
followup

Systematic
review:
If those do
not answer
the question,
then study
must have
included
patients with
different true
statuses
• Not
applicable
if
systematic
reviews are
adequate
• If not
adequate,
then 100

Source: www.effectivehealthcare.ahrq.gov
Published online: August 9, 2013

KQ 1b, KQ 1c,
KQ 2b, &
KQ 2c
(comparative
accuracy)

KQ 1d, KQ 1e,
KQ 2d, &
KQ 2e
(influence of
various factors
on comparative
accuracy)
Included patients with different
true statuses and made a relevant
comparison

10

KQ 1f &
KQ 2f
(comparative
patient
management)

KQ 1g &
KQ 2g
(comparative
survival/quality
of life)

Separate groups of patients
received different imaging tests

KQ 3 &
KQ 3a
(rates of harms,
patient factors)

KQ 3b
(patient
perspectives
on harms/
convenience)

Included
patients
with
different
true
statuses

Any

100

KQ 4
(screening)

10

100

14

Data

KQ 1a &
KQ 2a
(single-test
accuracy)

KQ 1b, KQ 1c,
KQ 2b, &
KQ 2c
(comparative
accuracy)

• Systematic
review
estimates of
sensitivity,
specificity,
and CIs
• If reviews
not
adequate,
then studies
must have
had
sufficient
information
to calculate
sensitivity,
specificity,
and CIs

Sufficient
information to
calculate
sensitivity,
specificity, and
CIs separately
for ≥ 2 tests

KQ 1d, KQ 1e,
KQ 2d, &
KQ 2e
(influence of
various factors
on comparative
accuracy)
Sufficient
information to
calculate
sensitivity,
specificity, and
CIs separately
for different
factors

KQ 1f &
KQ 2f
(comparative
patient
management)

KQ 1g &
KQ 2g
(comparative
survival/quality
of life)

KQ 3 &
KQ 3a
(rates of harms,
patient factors)

KQ 3b
(patient
perspectives
on harms/
convenience)

KQ 4
(screening)

Comparative
rates of
receiving
specific
form of
management

Comparative
survival data or
comparative
quality-of-life
data using a
previously tested
instrument

Rates of harms,
or a statement
that no harms or
complications
occurred

Responses of
patients
asked about
their opinion
of or
experience
with an
imaging test
they received

Sufficient
information
to calculate
sensitivity,
specificity,
and their
CIs

Abbreviations: CI = confidence interval; KQ = key questions
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B. Searching for the Evidence: Literature Search Strategies for Identification
of Relevant Studies To Answer the Key Questions
Literature searches will be performed by medical librarians within the EPC Information
Center; searches will follow established systematic review protocols. We will search the
following databases using controlled vocabulary and text words: EMBASE®, MEDLINE®,
PubMed®, and the Cochrane Library.
The following grey literature sources will be searched using text words: ClinicalTrials.gov,
Centers for Medicare & Medicaid Medicare Coverage Database, ECRI Institute Health Devices,
Healthcare Standards, the Internet, Medscape, National Guideline Clearinghouse™, and the U.S.
Food and Drug Administration. We conducted separate searches for systematic reviews on
imaging for diagnosis/staging/screening/harms in the context of pancreatic adenocarcinoma,
primary studies on one or more of these topics, and primary studies of the harms of imaging
procedures regardless of the clinical purpose. This last search was conducted because several
imaging tests have harms that are essentially the same regardless of clinical indication (e.g.,
radiation dose after whole-body PET-CT). A sample search strategy is shown in Appendix A.
Literature screening will be performed in duplicate using the Distiller SR database (Evidence
Partners, Ottawa, Canada). Literature search results will initially be screened for relevancy.
Relevant abstracts will be screened against the study inclusion criteria in duplicate. Studies that
appear to meet the study inclusion criteria according to either screener will be retrieved in full
and screened again in duplicate against the study inclusion criteria. All disagreements at the full
article level will be resolved by consensus discussion among the two original screeners, with
adjudication if necessary by a senior reviewer.
These literature searches will be updated during the peer-review process before finalization
of the review.
C. Data Abstraction and Data Management
Data will be abstracted using Microsoft Excel. Duplicate abstraction on a 10-percent random
sample will be used to ensure accuracy. All discrepancies will be resolved by consensus
discussion among the two original abstracters and an additional third person. Elements to be
abstracted include general study characteristics (e.g., country, setting, study design, enrolled N),
patient characteristics (e.g., age, sex, comorbidities), details of the imaging methodology (e.g.,
radiotracer, timing of test), risk of bias items, and outcomes data.
D. Assessment of Methodological Risk of Bias of Individual Studies
For systematic reviews of single-test accuracy, EPC guidance by White et al.32 suggests that
EPCs assess the quality of an existing systematic review by using a revised AMSTAR
(Assessment of Multiple Systematic Reviews) instrument. The items we plan to use for this
appear in Appendix B. For each included review, two analysts will independently answer 11
items and independently assign the review as having either low risk of bias or moderate/high risk
of bias. Discrepancies in the category assignment will be resolved by consensus or by a third
party if consensus cannot be reached. Reviews at moderate/high risk of bias will be excluded.
Source: www.effectivehealthcare.ahrq.gov
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For studies of single-test performance, if systematic reviews are insufficient to answer questions
of single-test accuracy, we will use an internal validity rating scale for diagnostic studies to
assess the risk of bias of each individual study. This instrument is based on a modification of the
QUADAS instrument with reference to empirical studies of design-related bias in diagnostic test
studies (see Appendix B).33-35 Each question in the instrument addresses an aspect of study
design or conduct that can help protect against bias, such as enrolling consecutive or a random
sampling of patients or blinding image readers to clinical information about the patient. Each
question can be answered “yes,” “no,” or “not reported,” and each is phrased such that an answer
of “yes” indicates that the study reported a protection against bias on that aspect.
For studies comparing two or more diagnostic tests, we will consider the items on the
modified QUADAS-2, as well as four additional items that specifically address bias in the
comparison of diagnostic tests (see Appendix B).
For studies addressing clinical outcomes, we will use an internal validity rating scale for
comparative studies to assess the risk of bias of each individual study. This instrument was
developed by the ECRI Institute36 with respect to the impact of study design on bias in
comparative studies and is consistent with the guidance in the Methods Guide for Effectiveness
and Comparative Effectiveness Reviews (hereafter Methods Guide; see Appendix B).37 Each
question in the instrument addresses an aspect of study design or conduct that can help protect
against bias, such as randomization of group assignment, or blinding outcome assessors to
patient group assignment. Each question can be answered “yes,” “no,” or “not reported,” and
each is phrased such that an answer of “yes” indicates that the study reported a protection against
bias on that aspect.
Studies will be rated as having “low,” “medium,” or “high” risk of bias. The rating will be
defined by selecting critical questions from the rating scale that must be answered as “yes.” For
example, for a comparative study to be rated as having “low” risk of bias, it may need to have
randomly assigned participants, adequately concealed allocation, demonstrated good baseline
comparability between groups on the outcomes, and blinded outcome assessors.
Studies reporting multiple outcomes may be assigned one risk-of-bias category for some
outcomes but another risk-of-bias category for other outcomes because the risk of bias can
depend on the outcome being measured (e.g., higher rates of missing data for some outcomes).
E. Data Synthesis
Specifically for questions addressing individual test performance (accuracy), we will draw
evidence from previous systematic reviews as available and will consult the primary literature
only as necessary to update or supplement the information available in previous systematic
reviews. As the Methods Guide recommends, we will summarize all relevant, high-quality
reviews.32
For studies of single-test performance, if systematic reviews are insufficient to answer the
KQ, we will meta-analyze the data reported by the studies using a bivariate mixed-effects
binomial regression model as described by Harbord et al.38 All such analyses are computed by
the STATA® 10.0 statistical software package using the “midas” command.39 In cases in which a
bivariate binomial regression model cannot be fit, we will meta-analyze the data using a randomeffects model and the Meta-Disc software package.40
Source: www.effectivehealthcare.ahrq.gov
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For questions comparing imaging tests, we will synthesize the evidence from the primary
studies themselves. For statistical analyses comparing the accuracy of two imaging tests, we will
use the EPC methods described by Trikalinos et al.41 Decisions about whether meta-analysis is
appropriate will depend on the judged clinical homogeneity of the different study populations,
imaging and treatment protocols, and outcomes. When meta-analysis is not possible (due to
limitations of reported data) or is judged to be inappropriate, the data will be synthesized using a
descriptive narrative review approach.
For studies of clinical outcomes, we will compute effect sizes and measures of variance using
standard methods and will perform a DerSimonian and Laird random-effects meta-analysis using
Comprehensive Meta-Analysis (CMA) software (Biostat, Inc., Englewood, NJ). Meta-regression
and subgroup analysis will be used to explore possible causes of heterogeneity. Potential
covariates include population descriptors, tumor size and type, and country and setting of care.
F. Grading the Strength of Evidence for Individual Comparisons and
Outcomes
We will use the EPC system for grading evidence on diagnostic tests as described in the EPC
guidance chapter by Singh et al.42 This system uses up to eight domains as input (risk of bias,
directness, consistency, precision, publication bias, dose-response association, all plausible
confounders would reduce the effect, and strength of association). The output is a rating of the
strength of evidence: high, moderate, low, or insufficient. This rating is made separately for each
outcome of each comparison of each KQ.
A rating of insufficient will be given when the evidence does not permit a conclusion for the
outcome of interest for that KQ. For single-test accuracy, this means whether the evidence
permits an estimate of the sensitivity and specificity of the test. For comparative test accuracy, it
means whether the evidence permits a conclusion that either (1) evidence indicates that test A is
more accurate, (2) evidence indicates that test B is more accuracy, or 3) evidence indicates that
tests A and B are similarly accurate. If none of these conclusions can be drawn, then evidence is
deemed insufficient for questions on comparative test accuracy.
If the evidence is sufficient to permit a conclusion, then the rating is deemed high, moderate,
or low. The rating will be provided by two independent raters, and discrepancies will be resolved
by consensus. Below, we discuss the eight domains and how they will be considered as input to
the rating:
Risk of bias (see the section Assessment of Methodological Risk of Bias of Individual
Studies above). If the evidence permits a conclusion, and all else being equal, a set of studies
at low risk of bias yield a higher strength of evidence rating than a set of studies at moderate
or high risk of bias.
Directness. For questions on test accuracy, data on accuracy directly address the question, so
those data will be considered direct. For questions on other outcomes (e.g., long-term
survival), data on the actual outcomes will be required to be judged direct.
Consistency. For questions on single-test accuracy, consistency will be measured metaanalytically using the tau statistical test. For questions comparing the accuracy of two or
Source: www.effectivehealthcare.ahrq.gov
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more tests and for other comparative questions, consistency will be judged according to
whether the studies’ findings suggested the same direction of effect.
Precision. For questions on single-test accuracy, precision will be measured using the
random-effects summary confidence interval. For questions comparing the accuracy of two
or more tests and for other comparative questions, the evidence will be considered
sufficiently precise if the data show a statistically significant difference (between groups or
between tests) or if the data demonstrate approximate equivalence by ruling out the minimum
important difference.
Publication bias. This will be addressed by noting the presence of abstracts or
ClinicalTrials.gov entries describing studies that did not subsequently appear as full
published articles. If many such studies exist, this will decrease the strength of the evidence.
Dose-response association. This domain is only relevant with respect to the radiation dose
for CT. One possibility is that higher doses result in higher accuracy of CT. If the evidence
shows that CT is more accurate than another imaging technique and that the difference is
even larger in studies that used higher CT doses, it would generally increase the strength of
evidence.
All plausible confounders would reduce the effect. This domain means that a set of studies
may be biased against finding a difference between two interventions and yet the studies still
found an important difference. Thus, if the studies had controlled for the confounders, the
effect would have been even larger. This domain will generally increase the rating of the
strength of evidence.
Strength of association. This domain is relevant only to comparative KQs and will be
judged by EPC team members based on whether the strength of the effect (e.g., the extent of
difference in accuracy between two tests) is so large that the potential study biases could not
explain it. If true, this domain will generally increase the rating of the strength of evidence.
G. Assessing Applicability
The applicability of the evidence involves four key aspects: patients, tests/interventions,
comparisons, and settings. In considering the applicability of the findings to patients, we will
consult large studies to ascertain the typical characteristics of patients newly given a diagnosis of
pancreatic adenocarcinoma (e.g., age, sex) and then assess whether the included studies enrolled
similar patients. Some aspects of the interventions may also affect applicability, for example, if a
study uses an uncommonly used radiotracer. Settings of care will be described, and if data
permit, subgroups of studies based on setting will be analyzed separately.
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VI. Definition of Terms
Blood vessel involvement — The extent to which the tumor surrounds or involves major blood
vessels. The degree of surrounding (e.g., <180° or >180°) and the specific blood vessel (e.g.,
Source: www.effectivehealthcare.ahrq.gov
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superior mesenteric artery) will influence resectability. Venous involvement is generally more
amenable to resection than arterial involvement.
M staging — In the American Joint Committee on Cancer (AJCC) TNM system, M0 denotes a
primary tumor that has not metastasized, and M1 denotes metastases. Metastases are
unresectable.
Metastases – Spread of the primary pancreatic tumor to other distant parts of the body (e.g.,
liver, peritoneum)
N staging — In the AJCC TNM system, N0 means no regional lymph node involvement, and N1
means the regional lymph nodes are involved. Lymph node involvement does not play a critical
role in determining resectability.
Pancreatic adenocarcinoma — The most common type of pancreatic cancer that is a solid
tumor.
Pancreatitis — Inflammation of the pancreas.
Radiation — A harm of computed tomography that can increase the risk of developing cancer.
Resectability — The degree to which the tumor can be safely removed surgically. Resection is
the only chance of cure for patients who have pancreatic adenocarcinoma.
Sensitivity — The performance or likelihood of an imaging test to correctly detect cancer. It is
computed by dividing the number of patients who test positive on the imaging test by the number
of patients who were actually positive via the gold standard test.
Specificity — The performance or likelihood of an imaging test to correctly rule out cancer. It is
computed by dividing the number of patients who test negative on the imaging test by the
number of patients who were actually negative via the gold standard test.
T staging — In the AJCC TNM system, T staging indicates the primary tumor size and/or
spread. T0 means there is no tumor; TX means unknown size/spread; Tis means carcinoma in
situ; T1 means the tumor size is < 2 cm, and the tumor is confined to the pancreas; T2 means the
tumor size is > 2 cm, and the tumor is confined to the pancreas; T3 means the tumor has
extended outside the pancreas but not to nearby arteries; and T4 means the tumor has extended
outside the pancreas to nearby arteries.20
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VIII. Review of Key Questions
For all EPC reviews, Key Questions were reviewed and refined as needed by the EPC with
input from Key Informants and the Technical Expert Panel (TEP) to ensure that the questions are
specific and explicit about what information is being reviewed. In addition, the Key Questions
were posted for public comment and finalized by the EPC after review of the comments.

IX. Key Informants
Key Informants are the end-users of research, including patients and caregivers, practicing
clinicians, relevant professional and consumer organizations, purchasers of health care, and
others with experience in making health care decisions. Within the EPC Program, the Key
Informant role is to provide input into identifying the Key Questions for research that will inform
health care decisions. The EPC solicits input from Key Informants when developing questions
for systematic review or when identifying high-priority research gaps and needed new research.
Key Informants are not involved in analyzing the evidence or writing the report and have not
reviewed the report, except as given the opportunity to do so through the peer or public review
mechanism.
Key Informants must disclose any financial conflicts of interest greater than $10,000 and any
other relevant business or professional conflicts of interest. Because of their role as end-users,
individuals are invited to serve as Key Informants and those who present with potential conflicts
may be retained. The Task Order Officer (TOO) and the EPC work to balance, manage, or
mitigate any potential conflicts of interest identified.

X. Technical Experts
Technical Experts comprise a multidisciplinary group of clinical, content, and
methodological experts who provide input in defining populations, interventions, comparisons,
or outcomes, as well as identifying particular studies or databases to search. They are selected to
provide broad expertise and perspectives specific to the topic under development. Divergent and
conflicted opinions are common and perceived as healthy scientific discourse that results in a
thoughtful, relevant systematic review. Therefore, study questions, design, and/or
methodological approaches do not necessarily represent the views of individual technical and
content experts. Technical Experts provide information to the EPC to identify literature search
strategies and recommend approaches to specific issues as requested by the EPC. Technical
Experts do not do analysis of any kind or contribute to the writing of the report and have not
reviewed the report, except as given the opportunity to do so through the peer or public review
mechanism.
Technical Experts must disclose any financial conflicts of interest greater than $10,000 and
any other relevant business or professional conflicts of interest. Because of their unique clinical
or content expertise, individuals are invited to serve as Technical Experts and those who present
with potential conflicts may be retained. The TOO and the EPC work to balance, manage, or
mitigate any potential conflicts of interest identified.
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XI. Peer Reviewers
Peer Reviewers are invited to provide written comments on the draft report based on their
clinical, content, or methodological expertise. Peer-review comments on the preliminary draft of
the report are considered by the EPC in preparation of the final report. Peer Reviewers do not
participate in writing or editing of the final report or other products. The synthesis of the
scientific literature presented in the final report does not necessarily represent the views of
individual reviewers. The dispositions of the peer-review comments are documented and will, for
CERs and Technical Briefs, be published 3 months after the publication of the Evidence Report.
Potential reviewers must disclose any financial conflicts of interest greater than $10,000 and
any other relevant business or professional conflicts of interest. Invited Peer Reviewers may not
have any financial conflict of interest greater than $10,000. Peer Reviewers who disclose
potential business or professional conflicts of interest may submit comments on draft reports
through the public comment mechanism.

XII. EPC Team Disclosures
EPC core team members must disclose any financial conflicts of interest greater than $1,000
and any other relevant business or professional conflicts of interest. Related financial conflicts of
interest that cumulatively total greater than $1,000 will usually disqualify EPC core team
investigators.

XIII. Role of the Funder
This project was funded under Contract No. HHSA 290-2012-00011-I from the Agency for
Healthcare Research and Quality (AHRQ), the U.S. Department of Health and Human
Services. The TOO reviewed contract deliverables for adherence to contract requirements and
quality. The authors of this report are responsible for its content. Statements in the report should
not be construed as endorsement by AHRQ or the U.S. Department of Health and Human
Services.
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Appendix A: Example Search Strategy
Set
Number
1

Concept

Search Statement

Pancreatic
Cancer/pancreas

exp pancreatic neoplasms/ or pancreas cancer/ or pancreatic cyst/
((exp pancreas/ or exp pancreas, exocrine/) and (neoplasm/ or
adenocarcinoma/ or

2

neoplasms/)) or pancreas tumor/ or Pancreatic neuroendocrine tumor/
(Pancrea$ adj3 (mass$ or cancer$ or tumo?r$ or sarcoma$ or neoplasm$
or

3

carcinoma$ or adenocarcinoma$)).mp.
4

neuroendocrine tumors/ and pancrea$.ti,ab.

5

Pancreatic neoplasms

6

4 not 5

7

1 or 2 or 3 or 6

8

Imaging

Endosonography/ or exp fluorodeoxyglucose F18/ or exp magnetic
resonance imaging or exp positron-emission tomography/ or exp
tomography, x-ray computed/ or exp ultrasonography/ or endoscopic
echography/ or ultrasound/

9

Computer assisted emission tomography/ or computer assisted
tomography/ or nuclear magnetic resonance imaging/ or positron emission
tomography/

10

Exp Diagnostic imaging/ or exp magnetic resonance imaging/ or
pancreas/ra or pancreas/us or pancreatic ducts/ra or pancreatic ducts/us

11

("computed tomography" or "positron emission" or "positron-emission" or
"magnetic resonance" or "endoscopic ultraso$" or "computer assisted
emission tomography" or "computer assisted tomography").ti,ab.

12

(SDCT or MDCT or FDG-PET or CT or PET or PET-CT or MRI or EUS).mp.

13

"Fludeoxyglucose positron emission tomography".mp.

14

((single?detector or multi?detector or multi?dimensional) adj (CT or
"computed
tomography")).mp.

15

(Endoscop$ adj (ultrasound or ultrasonograph$ or echograph$)).ti,ab.

16

Or/8-15

17

Pancreatic cancer
and imaging

7 and 16

18

Diagnosis

exp pancreatic neoplasms/di or pancreatic cyst/di

19

Diagnos$.mp. or early diagnosis/ or diagnosis, differential/ or diagnosis/ or
neuroendocrine tumor/di [Diagnosis] or
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Set
Number

Concept

Search Statement

20

pancreatic neoplasms/di, pa, us [Diagnosis, Pathology, Ultrasonography] or
pancreas tumor/di [Diagnosis] or pancreas cancer/di

21

chronic pancreatitis/di [Diagnosis]

22

pancreatitis, chronic/di, pa, us [Diagnosis, Pathology, Ultrasonography]

23

Or/18-22

24

Pancreatic cancer
and imaging and
diagnosis

17 and 23

25

Staging

Cancer staging/ or Neoplasm staging/
((mass$ or cancer$ or tumo?r$ or sarcoma$ or neoplasm$ or carcinoma$
or

26

adenocarcinoma$) and (biopsy or category or classification or classify or
detect$ or
stage or diagnos$ or staging)).ti,ab.
((mass$ or cancer$ or tumo?r$ or sarcoma$ or neoplasm$ or carcinoma$
or

27

adenocarcinoma$) and ("fine needle" or fine-needle or FNA or FNB or
specimen or
sample or sampling)).ti,ab.
28

Or/25-27

29

Pancreatic cancer
and imaging and
staging

17 and 28

30

Diagnosis test –
accuracy,
specificity

17 and (exp diagnosis/ or di.fs.)

17 and (receiver operating characteristic/ or ROC curve/ or diagnostic
accuracy/ or

31

accuracy/)
17 and (precision or sensitivity or specificity or predict$ or forecast$ or
likelihood or

32

((false or true) adj (positive or negative))).mp.
17 and (predictive value of tests/ or exp diagnostic errors/ or exp diagnostic
error/)

33
34

Pancreatic cancer
and imaging and
diagnostic testing

35

Screening

Or/29-33

mass screening/ or early detection of cancer/ or population
surveillance/
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Set
Number

Concept

Search Statement
Cancer screening/ or cancer risk/ or risk factors/

36

(risk$ or screen$ or hereditary or inherit$ or gene$ or family

37

history).ti,ab.
38

or/ 35-37

39

Pancreatic cancer
and imaging and
screening

17 and 38

40

Prognosis/survival

incidence/ or mortality/ or follow up studies/ or prognos$.mp.
or predict$.mp. or course$.mp. or (first and episode).ti,ab. or
cohort.ti,ab.

41

Exp "prediction and forecasting"/ or exp prognosis/ or exp survival rate/ or
surviv$.mp.

42

40 or 41

43

Pancreatic cancer
and imaging and
prognosis/survival

17 and 42
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Appendix B. Instruments for Assessment of Methodologic Risk of Bias of Individual
Studies and Systematic Reviews
Modified QUADAS Instrument33 for diagnostic test performance studies
1. Did the study enroll all, consecutive, or a random sample of patients?
2. Were the patient inclusion/exclusion criteria applied consistently to all patients?
3. Was the study affected by obvious spectrum bias?
4. Were there two or more readers?
5. If there were two or more readers, did the study account for inter-reader differences
6. Is the reference standard likely to correctly classify the target condition?
7. Were reader(s) of the diagnostic test of interest blinded to the results of the reference
standard?
8. Were reader(s) of the reference standard blinded to the results of the diagnostic test of
interest?
9. Were patients assessed by a reference standard regardless of the test’s results?
10. Were all patients assessed by the same reference standard regardless of the test’s results?
11. If the study reported data for a single diagnostic threshold, was the threshold chosen a priori?
12. Were the study results unaffected by intervening treatments or disease
progression/regression?
13. Were at least 85% of the enrolled patients accounted for?
Additional risk-of-bias items for studies comparing two or more imaging tests
1. Was prior experience with the test (technicians, readers) similar for the two imaging
tests being compared in the study?
2. Were the imaging tests performed within one month of each other (to avoid the possibility that
the patient’s true condition changed between tests)?3. Was knowledge of the other test
complementary (either both tests were read with knowledge of the other results, or neither test
was read with knowledge of the other)?
4. Did the interpreters have the same other information available at the time of interpretation for
the imaging tests (other clinical information, 3rd test result)?
5. Was each test’s accuracy measuring using the same reference standard (or a similar proportion
of patients who underwent different reference standards such as clinical follow-up and surgical
findings)?
6. Were readers of both tests of interest blinded to the results of the reference standard (or the
reference standard was unknowable until after the tests were read)?

ECRI Instrument for comparative studies
1. Were patients randomly assigned to the study’s groups?
2. Did the study use appropriate randomization methods?
Source: www.effectivehealthcare.ahrq.gov
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3. Was there concealment of group allocation?
4. For non-randomized trials, did the study employ any other methods to enhance group
comparability?
5. Was the process of assigning patients to groups made independently from physician and
patient preference?
6. Did the patients in different study groups have similar levels of performance on the outcome
of interest at the time they were assigned to groups?
7. Were the study groups comparable for all other important factors at the time they were
assigned to groups?
8. Did the study enroll all suitable patients or consecutive suitable patients?
9. Was the comparison of interest prospectively planned?
10. If the patients received ancillary treatment(s), was there a ≤5% difference between groups in
the proportion of patients receiving each specific ancillary treatment?
11. Were the two groups treated concurrently?
12. Was compliance with treatment ≥85% in both of the study’s groups?
13. Were patients blinded to the treatment they received?
14. Was the healthcare provider blinded to the groups to which the patients were assigned?
15. Were those who assessed the patient’s outcomes blinded to the group to which the patients
were assigned?
16. Was the integrity of blinding of patients, physicians, or outcome assessors tested and found
to be preserved?
17. Was the outcome measure of interest objective and was it objectively measured?
18. Was a standard instrument used to measure the outcome?
19. Was there ≤15% difference in the length of followup for the two groups?
20. Did ≥85% of the patients complete the study?
21. Was there a ≤15% difference in completion rates in the study’s groups?
22. Was the funding for this study derived from a source that would not benefit financially from
results in a particular direction?
Modified AMSTAR Instrument32,43 for systematic reviews
1. Was an a priori design or protocol provided?
2. Was a comprehensive search strategy performed?
2a. Was this strategy appropriate to address the relevant Key Question of the CER?
3. Was a list of included and excluded studies provided?
4. Was the application of inclusion/exclusion criteria unbiased?
4a. Are the inclusion/exclusion criteria appropriate to address the relevant Key Question of the
CER?
5. Was there duplicate study selection and data extraction?
6. Were the characteristics of the included studies provided?
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7. Was the individual study quality assessed?
7a. Was the method of study quality assessment consistent with that recommended by the
Methods Guide?
7b. Was the scientific quality of the individual studies used appropriately in formulating
conclusions?
8. Were the methods used to combine the findings of studies appropriate?
9. Was the likelihood of publication bias assessed?
10. Have the authors disclosed conflicts of interest?
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