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Key Points

● The use of specific imaging modalities in the workup of pancreatic neoplasms 
is dependent on local expertise, and, thus, familiarity of the ordering physician 
with multiple imaging techniques is paramount.

● While clinical symptoms can be suggestive of pancreatic cancer, pancreatic 
lesions are often detected incidentally. Some of these can be definitively char-
acterized by imaging.

● Common diagnostic problems in pancreatic imaging include differentiating 
post-operative changes versus recurrent disease, and adenocarcinoma versus 
chronic pancreatitis.

● Multi-detector CT is the mainstay of abdominal imaging, and many surgeons 
will operate based on CT findings of neoplasm alone. MRI and endoscopic 
ultrasound are utilized as problem-solving tools.

● Endoscopic ultrasound has the highest sensitivity and specificity for locore-
gional extension of tumors, however must be performed in conjunction with 
other cross-sectional imaging (e.g., MDCT) to exclude peritoneal disease.

● FDG-PET has average sensitivity and specificity for pancreatic adenocarci-
noma, and ongoing research suggests that FLT-PET may be more tumor-spe-
cific than FDG-PET. This modality shows promise in assessment of therapeutic 
tumor response and disease recurrence.

● Although spatial resolution of some current imaging techniques can reach sub-
millimeter level, novel imaging techniques will require the exploitation of cel-
lular differences between normal and abnormal tissue in order to improve 
resolution.

● Morphologic changes occur later than cellular changes in cancer treatment, 
and newer perfusion imaging techniques (CT perfusion, DCE-MRI) attempt to 

Department of Abdominal Imaging and Interventional Radiology
Massachusetts General Hospital - White 270, 55 Fruit Street, Boston MA 02114

Corresponding author: Dushyant V. Sahani, MD
dsahani@partners.org



230 C.B. Rabinowitz et al.

quantify changes in tissue perfusion as tumoral angiogenesis is targeted by 
newer drugs.

● The multiple techniques available in pancreatic imaging should be viewed as 

complementary to answer the clinical question.

Oncologic imaging of the pancreas is a challenging entity due to a large number 
of primary pancreatic neoplasms, as well as benign entities of the pancreas that 
simulate neoplasms, such as inflammatory and cystic disease. While clinical and 
laboratory data are able to distinguish many of the disease processes affecting 
the pancreas, imaging is inevitably tied to diagnosis and treatment, given the 
significant overlap of patient symptoms in benign and malignant pancreatic dis-
orders. In general primary pancreatic neoplasms can be divided into three cate-
gories: solid, cystic and neuroendocrine tumors. All three of these can overlap 
in common imaging findings, and familiarity with available imaging modalities 
can help differentiate these tumors from benign disease. This chapter will dis-
cuss current and emerging techniques in pancreatic imaging, as well as their 
integration with oncologic care.

1 Epidemiology

Pancreatic ductal adenocarcinoma is the fourth most common cause of death 
among malignancies, with 33,370 deaths projected in 2007. In this year 37,170 
new cases are expected, and the small difference between these two values reflects 
the aggressiveness of this tumor and its poor prognosis [1]. Early detection 
of pancreatic malignancy is paramount, as five-year survival falls off sharply, 
from a low of 20 percent to less than 5 percent, as local disease progresses to 
regional or metastatic disease [1]. Surgical resection currently offers the only 
chance of cure.

Hereditary pancreatitis confers the highest cumulative risk at 30 percent to 40 
percent, and chronic pancreatitis from multiple causes is also significantly contrib-
utory [2-4]. Specific pancreatic lesions, which include intraductal papillary mucinous 
neoplasm (IPMN) and mucinous cystic neoplasms (MCNs), are also associated 
with the subsequent development of adenocarcinoma at the site of the lesion [5], or 
at sites remote from the primary detected lesion [6]. We are beginning to under-
stand that precursor lesions to pancreatic adenocarcinoma exist. A new nomencla-
ture system has been devised [7], incorporating the term pancreatic intraepithelial 
neoplasia (panIN), which are non-invasive cellular changes present in pancreatic 
ducts. PanINs contain mutations associated with invasive adenocarcinomas, and 
further study into the carcinogenesis and the simultaneous existence of adenocarci-
noma and other precursor lesions is necessary [8] (Fig. 9.1).

While adenocarcinoma is the most lethal solid pancreatic neoplasm, a significant 
proportion of pancreatic lesions are of the cystic variety. Pancreatic cystic lesions 
are present in 15 percent to 24 percent of the population, based on recent studies 
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[9, 10]. Cystic neoplasms include entities such as serous and mucinous tumors. 
Serous cystadenomas are a common lesion, consisting of up to 25 percent of all cystic 
pancreatic tumors. Mucinous tumors represent 2 percent to 5 percent of all exocrine 
neoplasms, and consist of mucinous cystadenoma, mucinous cystadenocarcinoma 
and intraductal papillary mucinous neoplasm (IPMN). IPMNs vary in incidence from 
1 percent to 8 percent. The serous cystadenoma is a common benign neoplasm, while 
mucinous cystic neoplasms range from benign to malignant. These can, however, be 
borderline or low-grade malignancies which are associated with the development of 
adenocarcinoma, depending on the amount of cellular atypia present [11, 12]. 
Differentiating cystic pancreatic neoplasms from benign cystic-appearing lesions is a 
primary clinical and imaging concern, and can be challenging if the natural history of 
these lesions is not understood.

One area in which solid and cystic lesions can have imaging overlap is in the 
setting of neuroendocrine tumors. Neuroendocrine tumors are generally rare, and 
85 percent of patients present with a clinical syndrome, depending on the type of 
tumor [13]. The majority of these tumors are small solid lesions. Cystic neuroen-
docrine tumors are even less common, but still comprise up to 4 percent of all 
 pancreatic tumors [11]. The clinical presentation of these tumors overlaps with 
other clinical disorders, which is why imaging can be useful in confirming the pres-
ence of these lesions, especially when they are small.

1.1 Imaging Principles and Diagnostic Dilemmas

The goal of pancreatic imaging is the early detection and characterization of clini-
cally relevant pancreatic lesions. Unfortunately, incidental cystic pancreatic lesions 
detected by multi-detector computed tomography (MDCT) are increasingly common 

Fig. 9.1 Multifocal pancreatic neoplasia. (a) Axial contrast-enhanced MDCT image of the pan-
creas shows a mucinous cystic neoplasm with a focal mural nodule (arrowheads). This was treated 
by surgical resection. (b) Follow-up axial MDCT image shows absence of the pancreatic body and 
tail consistent with surgery. A new hypodense lesion in the pancreatic head (arrowheads) was 
biopsy-proven adenocarcinoma, remote from the original disease



232 C.B. Rabinowitz et al.

and can range from benign incidental lesions to malignant. The resection of all 
cystic lesions is impractical, as a significant proportion of these lesions are benign. 
Given the high prevalence of pancreatic cysts, current imaging  recommendations 
are being developed to guide management decisions.

As the technology of existing imaging modalities improves, and new modalities 
are developed, it is important to recognize that all modalities have certain proven 
clinical uses, as well as limitations. Physicians must recognize and have an appre-
ciation for the expertise that is available in their medical community to best 
 integrate imaging findings with subsequent patient management.

Lesion detection and characterization are the primary goal of radiologists. Imagers 
attempt to divide the aforementioned pancreatic abnormalities into “malignant or 
benign,” and “cystic or solid.” Occasionally, it can be difficult to answer these 
 questions, and we need to utilize multiple imaging modalities to troubleshoot.

2 Imaging Features

2.1 Solid and Neuroendocrine Tumors

Pancreatic adenocarcinoma is a dense fibrotic tumor with decreased vascularity, 
compared to the remainder of the gland and, thus, tumor to glandular contrast is an 
essential goal of imaging by whatever modality utilized for detection [14]. It is 
known that five-year survival in the setting of adenocarcinoma is significantly higher 
when lesions are detected < 1 cm [15]. Thus, this tumor is utilized as the reference 
lesion, which we need to exclude in cases of characterization and detection.

When focal solid pancreatic lesions are detected, diagnosis can be aided by clini-
cal and laboratory history, especially in the case of functioning neuroendocrine 
tumors or with invasive tumors causing biliary or pancreatic ductal obstruction. 
Additionally, certain imaging features on CT and MRI can be useful in narrowing 
a differential diagnosis. Examples of helpful imaging features include a “hypervas-
cular” lesion, which narrows the differential diagnosis to include neuroendocrine 
tumors; hypervascular metastases such as renal cell carcinoma, thyroid cancer and 
melanoma, as well as occasionally pseudopapillary tumors. “Hypovascular” masses 
include adenocarcinoma and lymphoma, although the latter is a rare lesion. Lesions 
which are large include pseudopapillary tumors and non-functioning islet cell 
tumors and, less commonly, adenocarcinoma as this lesion tends to present earlier, 
secondary to patient symptoms [16]. It is important to recognize that large solid 
tumors can necrose and appear cystic. Calcification is also useful, as this can occur 
in large lesions when they undergo necrosis, such as in non-functioning islet cell 
tumors and pseudopapillary lesions. MRI is able to detect hemorrhage which is 
commonly seen in pseudopapillary lesions, although patient demographics (young 
females) will also help identify this lesion [16, 17].

Included in focal pancreatic abnormalities is the increasingly recognized non-neo-
plastic entity of autoimmune pancreatitis. This consists of hypergammaglobulinemia, 



9 Recent Advances in Imaging of Pancreatic Neoplasms 233

mild/no clinical symptoms and occasional association with other autoimmune disor-
ders [18]. Imaging features can include focal or diffuse pancreatic enlargement. In 
the presence of focal glandular enlargement, the features of vascular invasion seen 
in adenocarcinoma are characteristically absent. Common bile duct obstruction and 
pancreatic duct narrowing are common and, thus, imaging overlap with adenocarci-
noma is important to recognize. While not a neoplasm, this condition is becoming 
increasingly diagnosed by imaging [19]. Additionally, as autoimmune pancreatitis is 
steroid-responsive, it is of critical importance for this differential diagnosis be 
included in the evaluation of focal pancreatic abnormalities.

2.2 Cystic Lesions

Cystic and ductal mucinous tumors also have radiologic and clinical features which 
can help weight the differential diagnosis. Microcystic and macrocystic patterns have 
been described corresponding to serous cystadenoma and mucinous cystadenomas. If 
a cystic lesion can be shown to connect to the pancreatic duct with MDCT, endo-
scopic retrograde cholangiopancreatography (ERCP) or magnetic resonance cholan-
giopancreatography (MRCP), it is likely a variant of IPMN. With a history of 
pancreatitis, pancreatic pseudocyst can be suggested, especially if there are imaging 
findings of pancreatitis such as glandular calcifications seen in chronic pancreatitis. 
When complexity is noted within a lesion, such as mural nodularity or rim-like calci-
fication, pre-malignant or malignant lesions should be suspected, as in cases of muci-
nous cystic neoplasms (mucinous cystadenocarcinoma or malignant IPMN) [12, 20] 
(Fig. 9.2). In the case of IPMN, other features predictive of malignancy include main 
duct dilatation, diffuse ductal/multifocal involvement and large lesion size for branch 
type lesions [21]. A recent study looking at cysts < 3 cm on CT and magnetic reso-
nance imaging (MRI) has shown that unilocular cysts are usually benign (97 percent 
PPV), while septations are associated with low-grade malignancy in 20 percent of 
cases [22]. The presence of any visible solid component is associated with invasive 
carcinoma [23, 24]. In IPMN, malignancy is reported in 7 percent to 46 percent of 
cases, varying from carcinoma in situ to frank adenocarcinoma [21].

2.3 Surgical and Clinical Principles

When imaging and clinical features suggest malignancy, it is important to recog-
nize findings that indicate tumoral unresectability from a surgical standpoint. While 
visualized contact of neoplasm with adjacent vasculature on cross- sectional 
 imaging is predictive of invasion based on the amount of contact [32, 33], a more 
recent paper has suggested that arteries and veins may need different criteria for 
invasion by cross-sectional imaging, as arteries are likely more resistant to invasion 
based upon their inherently stronger and thicker muscular wall [34, 35].
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Ductal involvement in pancreatic adenocarcinoma may not be easily detected by 
routine cross-sectional imaging unless macroscopic ductal changes are present, such 
as focal ductal dilatation. When ductal changes are evident, difficulty in  differentiating 
changes of chronic pancreatitis from adenocarcinoma occurs when tumor markers 
are not elevated, and when other glandular findings of chronic pancreatitis are not 
present on cross-sectional imaging, such as diffuse calcifications. A change in ductal 
caliber can either be due to focal stricture or an underlying mass that is too small to 
detect. Even with endoscopic ultrasound (EUS)-guided fine needle aspiration 
(FNA), diagnostic success is not perfect, often requiring multiple passes to exclude 
malignancy in the setting of a benign lesion [40, 41]. Direct comparison of EUS-
guided pancreatic FNA with CT-guided pancreatic FNA suggest that EUS-guided 
FNA may have the highest sensitivity [42, 43], however other studies have shown 

Fig. 9.2 Mucinous neoplasms. (a) Side-branch type IPMN. Note the pancreatic duct (white 
arrowhead) and connections of the mucinous low density lesions to the duct (black arrowheads). 
If this connection can be demonstrated, the diagnosis is solidified. (b) Main duct type IPMN. Note 
the dilated main pancreatic duct (white arrowheads), tapering at the ampulla (black arrow). This 
dilated and tapered duct pattern, with isolated pancreatic ductal enlargement, is consistent with 
this diagnosis. (c) Mucinous cystadenoma. A focal cystic pancreatic mass is noted in the pancre-
atic body (black arrowheads). Thin septae are seen internally, one with focal calcification (white 
arrowhead). Peripheral or septal calcification is fairly specific for mucinous lesions. (d) Malignant 
IPMN. A complex cystic pancreatic head mass shows thick septations, and mural nodularity 
(arrowheads). These features are associated with malignancy
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that diagnostic rates and sensitivity are similar for both EUS and CT [44]. Given that 
EUS has been shown to be the most sensitive imaging examination for small tumors, 
FNA at the time of the study may be more prudent. Additionally, the complication 
of peritoneal seeding has been raised using percutaneous methods of sampling [45].

The issue of pancreatitis (either chronic or focal acute) versus tumor is one of 
the most important issues in pancreatic imaging today. Up to 20 percent of patients 
with chronic pancreatitis can develop a focal mass which simulates tumors [28] 
(Fig. 9.3). While the presence of a non-obstructed pancreatic duct coursing through 
a focal pancreatic lesion has good accuracy for diagnosing a pseudotumor of 
chronic pancreatitis [46], this sign as described by MRCP is often equivocal in 
clinical practice, necessitating further study.

Other significant problems affecting radiologic imaging are in the detection of 
micrometastatic disease to liver and peritoneum, as well as in the underestimation 
of vascular invasion [35]. One approach to this problem is to have patients who are 
candidates for resection undergo laparoscopy prior to or at the time of surgery. 
This is a controversial topic with its proponents stating that its routine use prior to 
pancreatic tumor resection will increase sensitivity for peritoneal disease in 15 
percent to 51 percent of patients. Currently, even with advanced imaging tech-
niques, unresectable disease is found at surgery in 20 percent to 57 percent when 
disease was deemed resectable by imaging. Some feel that routine laparoscopy is 
not cost-effective, and that the few studies relating to its use have many limitations 
[47]. Other papers suggest specific criteria for when laparoscopy should be used 
preoperatively, such as for tumors in the pancreatic body and tail [48, 49] and 
tumors greater than 3 cm [50].

Fig. 9.3 Focal Acute on Chronic Pancreatitis – (a, b) Axial plane and curved multiplanar refor-
matted image of the pancreas shows a pancreatic head “mass,” (black arrowheads) a dilated 
pancreatic duct (white arrows) in the pancreatic body and tail and involutional changes of the 
pancreatic tail. Pancreatic tail atrophy and ductal obstruction occurs in the setting of proximal 
obstruction from neoplasm, and can also be seen in chronic pancreatitis. The etiology in this case 
was determined only by endoscopic ultrasound and biopsy
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2.4 Imaging Modalities

Currently, there are multiple imaging modalities for evaluating the pancreas, 
including multidetector CT, MRI, positron emission tomography, transabdominal 
ultrasound, endoscopic ultrasound and scintigraphy. Newer techniques being 
explored include PET/CT and PET/MR fusion, CT perfusion, optical coherence 
tomography (OCT) and molecular imaging. Expertise in these modalities will vary 
locally, although there is significant overlap in the information that the modalities 
can provide.

3 MDCT

CT is the initial imaging test most commonly performed when abnormalities of the 
pancreas are clinically suspected. Its high sensitivity and specificity for pancreatic 
disease and non-invasive nature make it a good screening test for malignancy, and 
it can often assist the radiologist in diagnosing benign pancreatic disease. As the 
workhorse of abdominal imaging, helical CT and now MDCT have had numerous 
studies evaluating their use in the setting of pancreatic cancer staging. Generally, 
CT studies address the detection and characterization of pancreatic tumors, as well 
as the predictive value of CT for resectability. The most significant problems 
affecting radiologic imaging, and CT in general, are again in the detection of 
micrometastatic disease to liver and peritoneum, as well as in the underestimation 
of vascular invasion [35].

The primary CT sign of pancreatic neoplasm is a focal mass, however focal 
enlargement of the pancreatic gland is not uncommon in the absence of a discrete 
visualized tumor. Approximately 10 percent of tumors are not seen by CT because 
they are isoattenuating to surrounding parenchyma. In these cases secondary signs 
need to be carefully examined, including ductal dilatation, ductal interruption, pan-
creatic tail atrophy and abnormal pancreatic contour [53]. When there is isolated 
pancreatic head enlargement seen on CT, MRI will reveal a focal mass in a 
 significant percentage of these patients [54].

CT has high negative predictive value (NPV) for cancer resectability. In a study 
of 84 patients with adenocarcinoma, nonresectability was established in 96 percent 
of cases when helical CT was performed in conjunction with pancreatic CTA [55]. 
This has been mirrored in several studies, including a study by Lu revealing a 93 
percent NPV of CT for pancreatic mass nonresectability [32]. Later MDCT studies 
have shown high rates of nonresectability as well [56, 57]. When cancer is truly 
nonresectable radiologists are effective in identifying this. Many of these patients 
who subsequently undergo laparotomy are, in fact, non-operable due to microme-
tastases detected at the time of surgery

In primary pancreatic cancer, detection by CT correlates with tumor size [58]. 
Overall, helical CT has a sensitivity for detection of 76 percent to 92 percent [28]. 
Prior studies show poor tumor sensitivities for detection of lesions smaller than 
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2 cm, ranging from 58 percent to 67 percent [58, 59]. A more recent MDCT study 
improves on these sensitivities slightly, with a sensitivity of 72 percent to 77 per-
cent for tumors < 2 cm [14]. More recent studies including MDCT show higher 
lesion sensitivity, with improvement in CT technology [60, 61].

CT is effective in the detection of small pancreatic cystic neoplasms, however 
characterization of these lesions is difficult utilizing this modality. As stated 
above, there are certain CT signs which are more suggestive of malignancy. 
Regarding specific lesion characterization, peripheral calcification is a feature 
typically seen in mucinous tumors. Overall, a blinded retrospective study of 50 
patients showed a diagnostic accuracy of CT in separating serous from mucinous 
neoplasms ranging from only 23 percent to 41 percent [62]. A recent study had 
more success in distinguishing lesions such as macrocystic cystadenoma from 
mucinous tumors, including IPMN [63].

In the detection of neuroendocrine tumors the majority of patients have clinical 
symptoms, however lesion detection still remains difficult. Currently, intraopera-
tive ultrasound has the highest sensitivity for lesion detection at 83 percent and 
should be considered the gold standard [64] (Fig. 9.4). CT has been shown to be 
able to detect lesions as small as 4 mm [65]. This study had a sensitivity of 82 

Fig. 9.4 Insulinoma on CT, MRI and intra-operative US. (a) Axial contrast-enhanced MDCT 
image shows a hypervascular mass in the tail of the pancreas (arrow). (b) This mass is confirmed 
by Gadolinium-enhanced MRI (arrow). (c) Intra-operative ultrasound has the highest sensitivity 
for focal pancreatic lesions of these three examinations, and was able to detect this lesion before 
it was resected
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percent for lesions, but two lesions less than 5 mm were not detected. A more recent 
MDCT study showed a sensitivity of 84 percent [66], which exceeded both EUS 
(79 percent) and somatostatin scintigraphy (58 percent). In the setting of insulino-
mas a recent study showed a sensitivity of thin-section MDCT of 94 percent which 
was equivalent to EUS. Sensitivity of MDCT was significantly decreased when 
thin sections were not utilized. When CT and EUS were combined, all lesions were 
detected [67]. Older literature supports the superiority of EUS compared to CT in 
the detection of small lesions, however as MDCT improves, detection rates will 
undoubtedly increase. Non-functioning neuroendocrine lesions are typically larger 
at presentation, and detection approaches 100 percent [68].

4 MRI

MRI is typically used as a problem-solving modality, for example, when a 
 pancreatic mass is suspected, but not identified on MDCT. It should also be 
 considered an excellent imaging study in patients with an iodinated contrast allergy 
(Fig. 9.5).

Generally, imaging principles of MDCT translate over to MRI, including 
 principles of contrast enhancement (hypervascular versus hypovascular) and spatial 
resolution. MRI has increased tissue contrast resolution over CT, which is its pri-
mary imaging advantage.

Studies reveal that the sensitivity of MRI for cancer detection utilizing contrast 
is similar, if not better, than that of helical CT [28], however the majority of these 
direct comparative studies were not performed utilizing MDCT. A recent study 
comparing MRI, including MRCP to MDCT in the assessment of locoregional 

Fig. 9.5 Adenocarcinoma on CT and MRI. (a) axial non-contrast CT image shows focal promi-
nence of the pancreatic neck (arrowheads). Note involution of the pancreatic tail which occurs 
with ductal obstruction. This patient was unable to get a contrast-enhanced CT scan. (b) Contrast-
enhanced MRI (using Mn-DPDP contrast) shows a focal mass responsible for the pancreatic 
enlargement (arrowheads). MRI can be utilized as a problem-solving modality
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extension, reports that MDCT including MPR images has significantly increased 
sensitivity for disease over MRI (96 percent versus 83 percent), whereas MRI was 
only minimally more specific (98 percent versus 97 percent) for disease [72]. This 
study correctly notes that, due to rapid advances in CT technology, many of the 
prior comparative studies need reevaluation.

Additionally, an interesting study comparing MDCT to MRI in the detection of 
subcentimeter hepatic lesions notes that of 178 MDCT detected subcentimeter 
hepatic lesions, MRI was able to improve on CT specificity of lesions (97.5 percent 
versus 77.3 percent). Sensitivity of MRI and MDCT for subcentimeter lesions was 
similar (83.3 percent versus 81.2 percent) [73]. While this study was not without 
limitations, the specificity and accuracy of MRI may be able to help characterize 
lesions in cases of suspected liver metastases, especially with the high prevalence 
of subcentimeter hepatic metastatic disease in patients with known malignancy 
[74]. Contrast-enhanced MRI has been shown in a separate study to increase detec-
tion of hepatic metastases versus CT [75].

In the setting of neuroendocrine tumors, sensitivity of MRI has been reported to 
be 85 percent. In the setting of hepatic metastases, MRI was shown to outperform 
CT and somatostatin SPECT with sensitivities of 95 percent, 79 percent and 49 
percent, respectively [76]. This is likely due to the higher specificity of MRI, as 
described above, and the lower spatial resolution of SPECT.

The addition of a diffusion sequence to pancreatic MRI may be sensitive and 
specific for adenocarcinoma, as demonstrated in a recent study. The authors were 
able to obtain a sensitivity and specificity of 96.2 percent and 98.6 percent for ade-
nocarcinoma [71]. The smallest tumor in this study was 16 mm and, thus, additional 
study is required for the detection of smaller tumors using this technique, as well 
as for its use in the detection of metastatic disease. An effective use could be in the 
differentiation of adenocarcinoma from chronic pancreatitis, and this sequence only 
requires a nominal increase in overall study time.

MRCP performed after secretin administration is found to improve the detection 
of IPMNs. In addition to facilitating the depiction of the morphological character-
istics of the lesions, they also help in detection of the communication of the branch 
duct IPMNs with the main pancreatic duct (Fig. 9.6). Secretin MRCP is fast emerg-
ing as the most suitable imaging modality in the diagnosis and follow up of IPMNs 
of the collateral branches.

5 FDG-PET and PET-CT

F18-fluorodeoxyglucose positron emission tomography (FDG-PET) is a rapidly 
evolving technique that can detect pancreatic tumors as small as 7 mm in size and 
additional distant metastases in 40 percent of patients [77].

While FDG-PET can show increased uptake within primary pancreatic tumors, 
as well as detect metastatic organ and nodal disease, its poor spatial localization 
does not allow for assessment of vascular invasion. FDG-PET has a sensitivity and 
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specificity for adenocarcinoma detection of 71 percent to 100 percent, and 53 per-
cent to 100 percent, respectively, based on a 2004 metanalysis [78]. Typically, with 
FDG-PET scans, foci of uptake must be correlated topographically with separately 
acquired MRI or CT studies (Fig. 9.7). Studies have shown that when CT and FDG-
PET are integrated into one machine, diagnostic accuracy in the detection and 
localization of multiple tumor types is clearly better than with either modality alone 
[79]. When an integrated PET/CT system is not available, retrospective image 
fusion techniques can help improve the accuracy and sensitivity of FDG-PET and 
CT for lesion detection [80]. Retrospective fusion can also be performed utilizing 
FDG-PET and MR images [81]. An integrated PET/MRI system is on the horizon.

The clinical role of FDG-PET in pancreatic malignancy is to detect unsuspected 
metastatic disease and to increase the specificity of visualized lesions, especially in 
the liver. In the detection of liver metastases, one study showed 70 percent sensitiv-
ity and 95 percent specificity [82], although another study by the same authors 
showed that the detection rate fell when lesions were < 1 cm, decreasing from 97 
percent to 43 percent [82, 83]. In the detection of nodal metastases, FDG-PET dem-
onstrated a 49 percent sensitivity and 63 percent specificity [82]. Sahani, et al. [84] 
confirmed that contrast-enhanced liver MRI with a hepatocyte specific contrast 
agent (Mangafodipir, Amersham Health, Oslo, Norway) was able to detect more 
metastatic lesions than whole body FDG-PET, especially when under 1 cm. It is still 
unclear how dual PET-CT would compare to MRI in metastatic lesion detection and 
characterization. Many institutions do not utilize intravenous contrast in their dual 
PET-CT studies, and use only noncontrast CT scans for attenuation correction. This 
lowers sensitivity of the CT portion of the exam for liver metastases, which are most 
often only evident on contrast-enhanced images.

Yang, et al. did not show a significant difference in the detection of hepatic 
metastases between FDG-PET and MRI, but conceded that MRI is more specific 
[85]. This study included tumor sources other than pancreas, which may have favo-
rably altered the FDG-PET lesion detection sensitivity. Microscopic peritoneal 

Fig. 9.6 Secretin-enhanced MRCP. (a) Pre-Secretin MRCP maximum intensity projection (MIP) 
image shows the pancreatic duct (arrow) and a focal bright lesion (arrowhead) adjacent to the 
duct. (b) Secretin administration allows for ductal distention allowing for improved visualization. 
The lesion was shown to connect with the duct (not shown), consistent with side-branch IPMN
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metastases are beneath the resolution of FDG-PET. One study detected only 
25 percent of peritoneal metastases [82].

Other investigations on the clinical utility of FDG-PET focus on therapeutic 
response and assessment of prognosis in pancreatic adenocarcinoma. The goal of 
FDG-PET is to separate treatment responders from non-responders, as a cellular 
response to treatment detectable by FDG-PET can precede morphologic changes 
by CT. In a small subset of patients undergoing arterial chemoinfusion and external 
radiotherapy, Yoshioka, et al. demonstrated a lag time in visualized tumor response 
by CT, with changes detected earlier by FDG-PET [86].

A pilot study by Maisey, et al. showed that a decrease in FDG uptake from base-
line to zero after one month of therapy correlated with increased survival [87]. In 
another study of 93 patients with ductal adenocarcinoma, 15 underwent  chemoradiation 
and were assessed by CT and FDG-PET, both pre- and post- therapy. FDG-PET was 
superior to CT in assessing tumor response in five of 15 patients, whereas these 
patients showed no response by CT [88]. Rose, et al. studied the role of FDG-PET in 
patients undergoing neoadjuvant chemoradiation; six patients showed a change in 
disease extent that was not detectable by CT [89]. Interestingly, these studies also 
assessed whether staging FDG-PET studies would change pre-operative management 
and found it did in 21.5 percent and 43 percent of patients, respectively.

Additional uses FDG-PET in the evaluation of pancreatic neoplasms have been 
assessed. While cellular uptake of FDG and the acquisition of counts vary slightly, 
“dual phase” studies have been investigated which allow more time for cells to accu-
mulate tracers before additional uptake values are established. Lychick, et al. showed 
that combining staging information with ratios of FDG uptake at one and two hours 
after injection was predictive of patient survival [90]. Another group showed that in 
delayed scans at two hours, uptake was significantly increased over one hour uptake 

Fig. 9.7 Pancreatic adenocarcinoma on CT and FDG-PET. (a) Axial contrast-enhanced CT 
image demonstrates a focal hypodense mass in the pancreatic head. (b) FDG-PET shows focal 
tracer uptake in the pancreatic head corresponding to the mass. Separately acquired CT and PET 
images must be “topographically correlated” unless a dual PET/CT machine is utilized. Fusion 
software can also be used. FDG-PET is more often used as a problem-solving tool, as opposed to 
initial adenocarcinoma workup at our institution
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in malignancy [91]. Conversely, cancers can show washout of tracers and have 
decreased uptake of FDG at two hours [77], thus diminishing the specificity of this sign.

5.1 FLT-PET

While FDG-PET has variable specificity for different diseases, attempts to improve 
on specificity are currently being studied, especially in the role of distinguishing 
between adenocarcinoma and chronic pancreatitis. 18F-flouro-3’deoxy-3’-L-fluorothy-
midine (18F-FLT) is a proliferation tracer which is phosphorylated by thymidine 
kinase 1, and is incorporated into cells which utilize a salvage pathway for DNA 
synthesis. 18F-FLT-PET, compared with 18F-FDG-PET, has shown to be less 
sensitive for disease than FDG-PET in multiple studies utilizing various cell lines 
and different neoplasms [92]. For example, FLT-PET shows significant liver and 
bone uptake, limiting its utilization for detection of metastases to these organs. 
FLT-PET, however, is more tumor-specific than FDG-PET [93], and its role in 
evaluating pancreatic cancer is currently being studied (Fig. 9.8). Since 18F - FLT is not 

Fig. 9.8 Pancreatic adenocarcinoma on FLT-PET. (a) axial contrast-enhanced MDCT image 
through the pancreas shows a focal hypodense obstructing mass in the pancreatic head which was 
stented (arrowheads). (b) FLT-PET image (left to right: non-contrast CT, fused non-contrast 
CT / FLT-PET, FLT-PET image only) shows avid tracer uptake in the pancreatic head (arrows). 
This technique may be more tumor-specific than FDG-PET, although notice that significant liver 
and bone tracer uptake limits sensitivity for tumors in these organs
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directly incorporated into DNA, new analogues are being created that would be 
incorporated, perhaps more accurately reflecting cellular turnover [92].

In the setting of cystic pancreatic lesions, a recent study has shown that the sen-
sitivity of FDG-PET was 57 percent and specificity 85 percent for malignancy [94]. 
In the FDG-PET-detected malignant lesions, cross-sectional imaging was able to 
detect malignant features and, thus, PET only confirmed these findings and did not 
aid in the detection of occult malignancy. Therefore, the authors have suggested that 
PET does not play a role in determining malignancy in pancreatic cystic lesions.

6 Transabdominal Ultrasound

The utility of transabdominal ultrasound in the diagnosis of pancreatic cancer in the 
United States is limited. Limiting technical factors often relate to large patient 
habitus and overlying bowel gas. Additionally, in the United States, ultrasound 
technologists are the primary imagers performing the examinations [95].

Contrast-enhanced ultrasound, with intravenously injected microbubbles, is uti-
lized in Europe as an alternative to more expensive imaging modalities such as 
EUS and MRI. Although histology is the reference, there are ultrasound character-
istics suggestive of various tumor types [96]. While contrast-enhanced ultrasound 
deserves attention, it is currently not approved for clinical use in this country. 
Interesting research is underway that will target microbubbles to specific pancreatic 
tumor vasculature. Antibodies against tumor vasculature can be synthesized, con-
jugated to microbubbles, and then imaged by ultrasound [97].

7 Endoscopic Ultrasound (EUS)

Endoscopic ultrasound clearly has a role in current diagnosis and staging of pan-
creatic abnormalities. Aside from tumor detection, EUS-guided FNA may be indi-
cated when tissue sampling is required prior to adjuvant or palliative therapy, or 
when the diagnosis of carcinoma versus inflammatory disease is unclear.

EUS is superior to MDCT in the detection of pancreatic lesions less than 2 to 
3 mm, with a sensitivity of > 90 percent [98] for lesions this size. A recent metanalysis 
by DeWitt showed that studies comparing EUS and MDCT have intrinsic limitations, 
and that newer studies incorporating advances in imaging are required [99]. 
Nonetheless, EUS and MDCT appear to be similar for assessing local extension and 
tumor respectability, and in detecting nodal disease. An additional advantage of EUS 
is that fine needle aspiration can be performed at the time of study (Fig. 9.9). This 
technique has a negative predictive value that approaches 100 percent [100], although 
pathology results are dependent on pathologist experience [101], and a recent metan-
alysis showed an overall 88 percent sensitivity and 96 percent specificity of EUS for 
cancer in solid pancreatic masses [102]. Additional work is being performed assessing 
the use of EUS in the local administration of chemotherapeutic agents [103]. Palliative 
celiac neurolysis can be administered by EUS [104], although this technique is also 
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straightforward utilizing CT-guided techniques [105]. Other EUS-guided treatment 
options, including tumor ablation, are being explored [102].

A reasonable approach is to avoid the use of EUS in the presence of known 
 metastatic disease, unless tissue diagnosis is required for treatment. If a suspicious 
pancreatic mass is present on MDCT and the clinical context is correct, the patient 
can proceed to surgery if the tumor is deemed resectable. Given the high sensitivity 
for small lesions, EUS can be performed if the CT shows a focal abnormality without 
a clear mass, or if ductal signs suggest an infiltrative process and there is a suspicion 
for chronic pancreatitis [102]. In summary, as EUS is unable to detect distant disease, 
conjunction with other cross-sectional modalities is necessary for its use.

EUS is excellent in the detection of neuroendocrine lesions with a sensitivity 
and specificity of 93 percent and 95 percent [106], however FNA is needed to make 
the diagnosis at the time of exam. This is especially useful in the setting of insuli-
nomas, which are not easily seen at scintigraphy [13], and if they are also not 
detected by CT or MRI.

Fig. 9.9 Acinar cell neoplasm on CT, MRI, and EUS – (a) Axial image from a contrast-enhanced 
MDCT of the pancreas shows a dilated pancreatic duct in the tail, without a clear focal obstructing 
mass (arrows). (b, c) T2 and T1 post-Gadolinium axial MR images mirror the CT scan findings 
of a dilated duct. Again, no focal mass is seen. (d) Endoscopic ultrasound revealed a 1.9 cm 
obstructing mass. This was biopsy-proven acinar cell neoplasm
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8 Endoscopic Retrograde Cholangiopancreatography (ERCP)

This modality is currently utilized for obtaining high resolution images of the pan-
creatic duct, and is considered the gold standard for evaluating the pancreatic duct 
[107]. ERCP can also be utilized for several purposes, including endoscopic 
sphincterotomy, removal of stones, as well as the insertion of stents and dilation of 
biliary or pancreatic strictures.

ERCP has high sensitivity and specificity for cancer, and is useful in detecting tumors 
if there is main pancreatic ductal involvement. When the main pancreatic duct is dilated 
in the setting of side-branch IPMN (mixed type) or in isolation (main duct type), this 
technique can confirm the findings of IPMN and exclude other causes of ductal dilatation, 
such as stricture from chronic pancreatitis. Focal uncinate or tail lesions can be missed if 
they do not involve the main pancreatic duct. In the setting of obstruction, ERCP is usually 
considered a palliative procedure. Comparisons of ERCP and EUS-guided FNA for the 
evaluation of biliary strictures has shown that EUS is superior to ERCP [102].

It should be noted that newer techniques such as intraductal ultrasonography, pancrea-
toscopy and optical coherence tomography can be performed using ERCP hardware 
[108]. New technology may allow the ERCP and EUS scope to be combined into one 
instrument (also known as EURCP) to provide both diagnostic and therapeutic techniques 
in the same setting, although these studies are currently often performed sequentially.

9 Intraductal Ultrasound (IDUS)

The use of a 2 mm probe fed into the pancreatic duct during ERCP over a guidewire 
can help to detect focal ductal lesions < 1 mm in height. This technique differs from 
EUS and transabdominal US in that a high frequency probe is utilized to maximize 
tissue resolution [108]. A limitation of this technique is when a tight ductal stricture 
does not allow cannulation of the duct.

In one study comparing IDUS to standard ERCP, EUS and MDCT, the authors 
showed that IDUS is more sensitive and specific in identifying the cause of stric-
tures than either of the other techniques (100 percent sensitivity, 93 percent specifi-
city for cancer). The other modalities – ERCP, EUS and CT – were 86 percent, 
90 percent and 67 percent sensitive, and 67 percent, 58 percent and 67 percent specific 
for cancer [109]. This author, in another larger study, showed similar values in the 
detection of pancreatic cancer [110].

10 Optical Coherence Tomography (OCT)

This is a newer technique utilizing existing ERCP hardware for evaluation of ductal 
epithelium. The probe can be added to an ERCP accessory port and, thus, adds only a 
short amount of time to the procedure after cannulation of the pancreatic duct. This 
examination is similar in principle to ultrasound, except that light is utilized for imaging 
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instead of sound waves [111]. Visualization of the pancreatic duct epithelium directly 
utilizing infrared light is able to detect changes in epithelial architecture relating to 
interruption of the normal ductal epithelium. This optical technique allows pancreatic 
duct mucosal and submucosal structures to be  evaluated to a depth of 1 to 2 mm.

While earlier studies were able to differentiate tumors from normal epithelium 
[112], a more recent study was not able to distinguish tumors from other inflamma-
tory and non-neoplastic ductal conditions [113]. Further research by the authors has 
been able to differentiate changes in ductal epithelium in chronic pancreatitis from 
neoplastic disease [114] and, should this prove to be true with further investigation, 
this exciting prospect may significantly change pancreatic imaging in a small sub-
set of patients. Accuracy for malignancy detection by OCT was 100 percent versus 
only 67 percent for positivity of brushings in an in vivo study of 15 patients.

11 Scintigraphy

Nuclear medicine detection of hormone secreting lesions such as gastrinoma, insuli-
noma and other tumors of pancreatic endocrine origin is possible utilizing gamma or 
other photon-emitting substances coupled to a substance that binds to lesion recep-
tors. Octreotide and Pentetreotide are somatostatin analogues that bind to somatosta-
tin receptors, and are found on many different neuroendocrine neoplasms. These can 
be bound to Indium-111, which decays and emits photons that can be detected by a 
gamma detector. [Octreotide (Sandostatin, Novartis Pharmaceuticals), Pentetreotide 
(Octreoscan, Malinkrodt)].

Previously we stated that neuroendocrine lesions less than 2 cm are not 
 consistently detected by cross-sectional imaging. This is because a significant 
 percentage of these lesions are not located in the pancreas proper. For example, 
occult Gastrinomas are often located in an area called the “Gastrinoma triangle,” 
defined by the junction of the cystic and common bile ducts superiorly, the junction 
of the second and third portions of the duodenum inferiorly and the junction of the 
neck and body of the pancreas medially [117].

Sensitivity varies on the type of tumor being imaged, however one study assess-
ing gastrinoma showed a 58 percent lesion sensitivity with scintigraphy, which was 
better than all other modalities (CT, MRI, US). In fact, the other modalities only 
increased the overall detection rate to 68 percent [118].

11.1 Emerging Technologies: Molecular/Angiogenesis Imaging

While lesion detection by imaging continues to approach the histologic and surgical 
standard, we note that the spatial resolution of the above modalities is only on the 
order of millimeters in the best possible scenario. Detecting changes of panIN and 
precursor lesions will require novel approaches that exploit cellular abnormalities, 
such as alterations in cellular receptor sites.
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For example, utilizing a mouse model, one set of researchers were able to utilize 
a magneto/fluorescent nanoparticle conjugate that was targeted to bombesin recep-
tors of pancreatic ductal cells [119]. Pancreatic ductal adenocarcinomas, unlike 
normal pancreatic ductal cells, do not express this binding receptor [120]. The 
experimental model was able to demonstrate a decrease in MRI T2 signal intensity 
in normal pancreatic tissue, thus increasing signal intensity of the pancreatic tumor 
and the affected pancreatic specimen. Translation into clinical imaging may be 
promising. Numerous other molecular agents are in development to increase the 
sensitivity and specificity of MRI, as well as other imaging.

Research has shown that tumor growth is dependent on the production of a vas-
cular network beyond 2 mm3, and numerous growth factors that regulate this, such 
as vascular endothelial growth factor (VEGF), tumor necrosis factor (TNF), fibrob-
last growth factor (FGF) as well as interleukins (IL) have been demonstrated [121]. 
Anti-angiogenesis agents are in development, and the ability to monitor tissue per-
fusional changes before macroscopic changes are evident will be critical in patient 
management.

11.2 CT Perfusion

Utilizing a workstation and imaging software, one can dynamically assess tumoral 
bloodflow and monitor response to chemotherapy and radiation changes using 
bloodflow and tissue perfusion parameters. Since adenocarcinoma of the pancreas 
is hypovascular compared to normal pancreatic parenchyma, the tumor would involve 
an area of hypoperfusion, compared to normal pancreatic tissue. CT  perfusion 
measurements of pancreatic tissue have been shown to be technically feasible 
[122]. A recent study from China has also shown the utility of pancreatic CT per-
fusion in the characterization and detection of insulinomas, a typically hypervascu-
lar tumor [123]. These lesions show increased blood flow and blood volume, 
compared with normal pancreatic tissue. Perfusion CT of the pancreas is an excit-
ing and emerging technique which demands further study.

11.3 Dynamic Contrast-Enhanced MRI (DCE-MRI)

Similar to perfusion CT, tissue perfusion and permeability can be assessed before, 
during and after contrast administration. Tissue parameters as measured by T1 and 
T2 signal characteristics can be quantified by the use of imaging software. The 
main use for this technique has been in the development of anti-angiogenic drugs, 
however DCE-MRI has shown some difficulty with reproducibility across trials, 
and issues of reliable measurements in heterogeneous tumors have been noted. 
Further validation is also needed regarding protocol design [121, 124]. It should be 
noted that a study by Johnson, et al reported that this technique was unable to 
distinguish between chronic pancreatitis and cancer [125].
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11.4 Conclusion

When pancreatic neoplasm is suspected, there are a large number of imaging 
modalities available which should be viewed as complementary. MDCT imaging 
should be considered as the initial imaging study, regardless of suspected tumor 
type, with MRI utilized for further lesion characterization and to increase specifi-
city in the setting of cystic pancreatic lesions and small liver lesions. When clini-
cally apparent lesions are not detected, EUS should be utilized for troubleshooting 
and tissue diagnosis, due to its high sensitivity for local disease, with ERCP utilized 
for palliative stent placement as necessary. When hormonal syndromes suggest a 
neuroendocrine tumor, and if CT does not detect the lesion, scintigraphy should be 
performed before the patient has localization by EUS or intraoperative ultrasound, 
as it is non-invasive. Additionally, it should be noted that operative techniques such 
as laparoscopy and ultrasound have a high sensitivity for disease and, thus, can play 
a role in conjunction with imaging.

Current challenges include avoiding excessive imaging in patients with inciden-
tally detected cystic lesions, increasing early detection in aggressive disease with 
more tumor specific imaging and improving staging accuracy without increasing 
the amount of imaging needed to do so. There are numerous unresolved issues in 
the world of pancreatic tumoral imaging, however new research in tumor pathogenesis 
will hopefully add to patient care, and eventually improve survival in those patients 
with advanced disease.

References

1. Jemal A, Siegel R, Ward E, Murray T, Xu J, Thun MJ. Cancer statistics, 2007. CA Cancer 
J Clin. 2007 Jan-Feb;57(1):43-66.

2. Lowenfels AB, Maisonneuve P. Epidemiology and prevention of pancreatic cancer. Jpn J Clin 
Oncol. 2004 May;34(5):238-44.

3. Lowenfels AB, Maisonneuve P, Cavallini G, et al. Pancreatitis and the risk of pancreatic cancer. 
International Pancreatitis Study Group. N Engl J Med 1993;328:1433-7.

4. Lowenfels AB, Maisonneuve P, DiMagno EP, et al. Hereditary pancreatitis and the risk of pan-
creatic cancer. International Hereditary Pancreatitis Study Group. J Natl Cancer 
Inst.1997;89:442-6.

5. Spinelli KS, Fromwiller TE, Daniel RA, et al. Cystic pancreatic neoplasms: observe or operate. 
Ann Surg. 2004 May;239(5):651-7

6. Tada M, Kawabe T, Arizumi M, et al. Pancreatic cancer in patients with pancreatic cystic 
lesions: a prospective study in 197 patients. Clin Gastroenterol Hepatol. 2006 
Oct;4(10):1265-70.

7. Hruban RH, Adsay NV, Albores-Saavedra J, et al. Pancreatic intraepithelial neoplasia: a new 
nomenclature and classification system for pancreatic duct lesions. Am J Surg Pathol. 2001 
May;25(5):579-86.

8. Maitra A, Adsay NV, Argani P, et al. Multicomponent analysis of the pancreatic adenocarci-
noma progression model using a pancreatic intraepithelial neoplasia tissue microarray. Mod 
Pathol. 2003 Sep;16(9):902-12.



9 Recent Advances in Imaging of Pancreatic Neoplasms 249

 9. Kimura W, Nagai H, Kuroda A, Muto T, Esaki Y. Analysis of small cystic lesions of the pan-
creas. Int J Pancreatol. 1995 Dec;18(3):197-206.

10. Zhang XM, Mitchell DG, Dohke M, Holland GA, Parker L. Pancreatic cysts: depiction on 
single-shot fast spin-echo MR images. Radiology. 2002 May;223(2):547-53.

11. Brugge WR. Cystic pancreatic lesions: can we diagnose them accurately? What to look for. 
FNA marker molecular analysis resection, surveillance, or endoscopic treatment? Endoscopy. 
2006 Jun;38 Suppl 1:S40-7.

12. Sahani DV, Kadavigere R, Saokar A, Fernandez-del Castillo C, Brugge WR, Hahn PF. Cystic 
pancreatic lesions: a simple imaging-based classification system for guiding management. 
Radiographics. 2005 Nov-Dec;25(6):1471-84.

13. Nichols MT, Russ PD, Chen YK. Pancreatic imaging: current and emerging technologies. 
Pancreas. 2006 Oct;33(3):211-20.

14. Bronstein YL, Loyer EM, Kaur H, et al. Detection of small pancreatic tumors with multipha-
sic helical CT. AJR Am J Roentgenol. 2004 Mar;182(3):619-23.

15. Ariyama J, Suyama M, Satoh K, Sai J. Imaging of small pancreatic ductal adenocarcinoma. 
Pancreas. 1998 Apr;16(3):396-401.

16. Manoharan P, Sheridan M B. Neoplasms of the Pancreas. Imaging 2004. (16): 323-337.
17. Mergo PJ, Helmberger TK, Buetow PC, Helmberger RC, Ros PR. Pancreatic neoplams: MR 

imaging and pathologic correlation. Radiographics. 1997 Mar-Apr;17(2):281-301.
18. Finkelberg DL, Sahani D, Deshpande V, Brugge WR. Autoimmune pancreatitis. N Engl 

J Med. 2006 Dec 21;355(25):2670-6.
19. Sahani DV, Kalva SP, Farrell J, et al. Autoimmune pancreatitis: imaging features. Radiology. 

2004 Nov;233(2):345-52.
20. Brugge WR, Lauwers GY, Sahani D, Fernandez-del Castillo C, Warshaw AL. Cystic neo-

plasms of the pancreas. N Engl J Med. 2004 Sep 16;351(12):1218-26.
21. Kawamoto S, Lawler LP, Horton KM, Eng J, Hruban RH, Fishman EK. MDCT of intraductal 

papillary mucinous neoplasm of the pancreas: evaluation of features predictive of invasive 
carcinoma. AJR Am J Roentgenol. 2006 Mar;186(3):687-95.

22. Sahani DV, Saokar A, Hahn PF, Brugge WR, Fernandez-Del Castillo C. Pancreatic cysts 3 cm 
or smaller: how aggressive should treatment be? Radiology. 2006 Mar;238(3):912-9.

23. Megibow AJ, Lombardo FP, Guarise A, et al. Cystic pancreatic masses: cross-sectional 
imaging observations and serial follow-up. Abdom Imaging. 2001 Nov-Dec;26(6): 
640-7.

24. Allen PJ, Jaques DP, D’Angelica M, Bowne WB, Conlon KC, Brennan MF. Cystic lesions of 
the pancreas: selection criteria for operative and nonoperative management in 209 patients. 
J Gastrointest Surg. 2003 Dec;7(8):970-7.

25. Duraker N, Hot S, Polat Y, Hobek A, Gencler N, Urhan N. CEA, CA 19-9, and CA 125 in the 
differential diagnosis of benign and malignant pancreatic diseases with or without jaundice. 
J Surg Oncol. 2007 Feb 1;95(2):142-7.

26. Goonetilleke KS, Siriwardena AK. Systematic review of carbohydrate antigen (CA 19-9) as 
a biochemical marker in the diagnosis of pancreatic cancer. Eur J Surg Oncol. 2006 Nov 8; 
[Epub ahead of print].

27. Albert MB, Steinberg WM, Henry JP. Elevated serum levels of tumor marker CA19-9 in acute 
cholangitis. Dig Dis Sci. 1988 Oct;33(10):1223-5.

28. Schima W, Ba-Ssalamah A, Kolblinger C, Kulinna-Cosentini C, Puespoek A, Gotzinger P. 
Pancreatic adenocarcinoma. Eur Radiol. 2007 Mar;17(3):638-49.

29. Leach SD, Lee JE, Charnsangavej C, et al. Survival following pancreaticoduodenectomy with 
resection of the superior mesenteric-portal vein confluence for adenocarcinoma of the pancre-
atic head. Br J Surg. 1998 May;85(5):611-7.

30. Cameron JL, Riall TS, Coleman J, Belcher KA. One thousand consecutive pancreaticoduo-
denectomies. Ann Surg. 2006 Jul;244(1):10-5.

31. Geer RJ, Brennan MF. Prognostic indicators for survival after resection of pancreatic adeno-
carcinoma. Am J Surg. 1993 Jan;165(1):68-72.



250 C.B. Rabinowitz et al.

32. Lu DS, Reber HA, Krasny RM, Kadell BM, Sayre J. Local staging of pancreatic cancer: cri-
teria for unresectability of major vessels as revealed by pancreatic-phase, thin-section helical 
CT. AJR Am J Roentgenol. 1997 Jun;168(6):1439-43.

33. O’Malley ME, Boland GW, Wood BJ, Fernandez-del Castillo C, Warshaw AL, Mueller PR. 
Adenocarcinoma of the head of the pancreas: determination of surgical unresectability with 
thin-section pancreatic-phase helical CT. AJR Am J Roentgenol. 1999 Dec;173(6):1513-8.

34. Li H, Zeng MS, Zhou KR, Jin DY, Lou WH. Pancreatic adenocarcinoma: the different CT 
criteria for peripancreatic major arterial and venous invasion. J Comput Assist Tomogr. 2005 
Mar-Apr;29(2):170-5.

35. Li H, Zeng MS, Zhou KR, Jin DY, Lou WH. Pancreatic adenocarcinoma: signs of vascular 
invasion determined by multi-detector row CT. Br J Radiol. 2006 Nov;79(947):880-7.

36. Kalser MH, Barkin J, MacIntyre JM. Pancreatic cancer. Assessment of prognosis by clinical 
presentation. Cancer. 1985 Jul 15;56(2):397-402.

37. Vogt DP. Pancreatic cancer: a current overview. Curr Surg. 2000 May 1;57(3):214-220.
38. Reber HA. Small pancreatic tumors: Is size an indication of curability? J hepatobiliary 

Pancreat Surg 1995; 2(4): 384-386.
39. Spencer MP, Sarr MG, Nagorney DM. Radical pancreatectomy for pancreatic cancer in the 

elderly. Is it safe and justified? Ann Surg. 1990 Aug;212(2):140-3.
40. Farrell JJ. Diagnosing pancreatic malignancy in the setting of chronic pancreatitis: is there 

room for improvement? Gastrointest Endosc. 2005 Nov;62(5):737-41.
41. Varadarajulu S, Tamhane A, Eloubeidi MA. Yield of EUS-guided FNA of pancreatic masses in 

the presence or the absence of chronic pancreatitis. Gastrointest Endosc. 2005 Nov;62(5):728-36.
42. Volmar KE, Vollmer RT, Jowell PS, Nelson RC, Xie HB. Pancreatic FNA in 1000 cases: a 

comparison of imaging modalities. Gastrointest Endosc. 2005 Jun;61(7):854-61.
43. Horwhat JD, Paulson EK, McGrath K, et al. A randomized comparison of EUS-guided FNA 

versus CT or US-guided FNA for the evaluation of pancreatic mass lesions. Gastrointest 
Endosc. 2006 Jun;63(7):966-75.

44. Erturk SM, Mortele KJ, Tuncali K, Saltzman JR, Lao R, Silverman SG. Fine-needle aspiration 
biopsy of solid pancreatic masses: comparison of CT and endoscopic sonography guidance. 
AJR Am J Roentgenol. 2006 Dec;187(6):1531-5.

45. Micames C, Jowell PS, White R, et al. Lower frequency of peritoneal carcinomatosis in 
patients with pancreatic cancer diagnosed by EUS-guided FNA versus percutaneous FNA. 
Gastrointest Endosc. 2003 Nov;58(5):690-5.

46. Ichikawa T, Sou H, Araki T, et al. Duct-penetrating sign at MRCP: usefulness for differentiat-
ing inflammatory pancreatic mass from pancreatic carcinomas. Radiology. 2001 
Oct;221(1):107-16.

47. Stefanidis D, Grove KD, Schwesinger WH, Thomas CR Jr. The current role of staging lapar-
oscopy for adenocarcinoma of the pancreas: a review. Ann Oncol. 2006 Feb;17(2):189-99.

48. Fernandez-del Castillo C, Warshaw AL. Laparoscopy for staging in pancreatic carcinoma. 
Surg Oncol. 1993;2 Suppl 1:25-9.

49. Liu RC, Traverso LW. Diagnostic laparoscopy improves staging of pancreatic cancer deemed 
locally unresectable by computed tomography. Surg Endosc. 2005. May; 19(5):638-42.

50. Ichikawa T, Erturk SM, Sou H, et al. MDCT of Pancreatic Adenocarcinoma: Optimal Imaging 
Phases and Multiplanar Reformatted Imaging. AJR Am J Roentgenol. Dec 2006 (187): 
1513-1520

51. Morganti AG, Brizi MG, Macchia G, et al. The prognostic effect of clinical staging in pan-
creatic adenocarcinoma.Ann Surg Oncol. 2005 Feb;12(2):145-51.

52. Schueller G, Schima W, Schueller-Weidekamm C, et al. Multidetector CT of pancreas: effects 
of contrast material flow rate and individualized scan delay on enhancement of pancreas and 
tumor contrast. Radiology. 2006 Nov;241(2):441-8.

53. Prokesch RW, Chow LC, Beaulieu CF, Bammer R, Jeffrey RB Jr. Isoattenuating pancreatic 
adenocarcinoma at multi-detector row CT: secondary signs. Radiology. 2002 Sep;224(3): 
764-8.

54. Semelka RC, Kelekis NL, Molina PL, Sharp TJ, Calvo B. Pancreatic masses with inconclusive 
findings on spiral CT: is there a role for MRI? J Magn Reson Imaging. 1996 Jul-Aug;6(4):585-8.



9 Recent Advances in Imaging of Pancreatic Neoplasms 251

55. Raptopoulos V, Steer ML, Sheiman RG, Vrachliotis TG, Gougoutas CA, Movson JS. The use 
of helical CT and CT angiography to predict vascular involvement from pancreatic cancer: 
correlation with findings at surgery. AJR Am J Roentgenol. 1997 Apr;168(4):971-7.

56. Ellsmere J, Mortele K, Sahani D, et al. Does multidetector-row CT eliminate the role of diag-
nostic laparoscopy in assessing the resectability of pancreatic head adenocarcinoma? Surg 
Endosc. 2005 Mar;19(3):369-73.

57. Vargas R, Nino-Murcia M, Trueblood W, Jeffrey RB Jr. MDCT in Pancreatic adenocarci-
noma: prediction of vascular invasion and resectability using a multiphasic technique with 
curved planar reformations. AJR Am J Roentgenol 2004 Feb;182(2):419-25.

58. Legmann P, Vignaux O, Dousset B, et al. Pancreatic tumors: comparison of dual-phase helical 
CT and endoscopic sonography. AJR Am J Roentgenol. 1998 May;170(5):1315-22.

59. Ichikawa T, Haradome H, Hachiya J, et al. Pancreatic ductal adenocarcinoma: preoperative assess-
ment with helical CT versus dynamic MR imaging. Radiology. 1997 Mar;202(3):655-62.

60. Grenacher L, Klauss M, Dukic L, et al. Diagnosis and staging of pancreatic carcinoma: MRI 
versus multislice-CT – a prospective study. Rofo. 2004 Nov;176(11):1624-33.

61. DeWitt J, Devereaux B, Chriswell M, McGreevy,et al. Comparison of endoscopic ultrasonog-
raphy and multidetector computed tomography for detecting and staging pancreatic cancer. 
Ann Intern Med. 2004 Nov 16;141(10):753-63.

62. Curry CA, Eng J, Horton KM, et al. CT of primary cystic pancreatic neoplasms: can CT be 
used for patient triage and treatment? AJR Am J Roentgenol. 2000 Jul;175(1):99-103.

63. Kim SY, Lee JM, Kim SH, et al. Macrocystic neoplasms of the pancreas: CT differentiation 
of serous oligocystic adenoma from mucinous cystadenoma and intraductal papillary muci-
nous tumor. AJR Am J Roentgenol. 2006 Nov;187(5):1192-8.

64. Kang CM, Park SH, Kim KS, Choi JS, Lee WJ, Kim BR. Surgical experiences of functioning 
neuroendocrine neoplasm of the pancreas. Yonsei Med J. 2006 Dec 31; 47(6):833-9.

65. Van Hoe L, Gryspeerdt S, Marchal G, Baert AL, Mertens L. Helical CT for the preoperative 
localization of islet cell tumors of the pancreas: value of arterial and parenchymal phase 
images. AJR Am J Roentgenol. 1995 Dec;165(6):1437-9.

66. Rappeport ED, Hansen CP, Kjaer A, Knigge U. Multidetector computed tomography and 
neuroendocrine pancreaticoduodenal tumors. Acta Radiol. 2006 Apr;47(3):248-56.

67. Gouya H, Vignaux O, Augui J, Dousset B, Palazzo L, Louvel A, et al. CT, endoscopic sonog-
raphy, and a combined protocol for preoperative evaluation of pancreatic insulinomas. AJR 
Am J Roentgenol. 2003 Oct;181(4):987-92.

68. King CM, Reznek RH, Dacie JE, Wass JA. Imaging islet cell tumours. Clin Radiol. 1994 
May;49(5):295-303.

69. Sodickson A, Mortele KJ, Barish MA, et al. Three-dimensional fast-recovery fast spin-echo 
MRCP: comparison with two-dimensional single-shot fast spin-echo techniques. Radiology. 
2006; 238(2):549-59.

70. Hellerhoff KJ, Helmberger H 3rd, Rosch T, et al. Dynamic MR pancreatography after secretin 
administration: image quality and diagnostic accuracy. AJR Am J Roentgenol. 2002; 
179(1):121-9.

71. Ichikawa T, Erturk SM, Motosugi U, et al. High-b value diffusion-weighted MRI for detecting 
pancreatic adenocarcinoma: preliminary results. AJR Am J Roentgenol. 2007 
Feb;188(2):409-14.

72. Erturk SM, Ichikawa T, Sou H, et al. Pancreatic Adenocarcinoma: MDCT Versus MRI in the 
Detection and Assessment of Locoregional Extension. JCAT 2006; 30(4):583-590

73. Holalkere NS, Sahani DV, Blake MA, Halpern EF, Hahn PF, Mueller PR. Characterization of 
small liver lesions: Added role of MR after MDCT. J Comput Assist Tomogr. 2006 
Jul-Aug;30(4):591-6.

74. Schwartz LH, Gandras EJ, Colangelo SM, Ercolani MC, Panicek DM. Prevalence and impor-
tance of small hepatic lesions found at CT in patients with cancer. Radiology. 1999 
Jan;210(1):71-4.

75. Schima W, Fugger R, Schober E, et al. Diagnosis and staging of pancreatic cancer: compari-
son of mangafodipir trisodium-enhanced MR imaging and contrast-enhanced helical hydro-
CT. AJR Am J Roentgenol. 2002 Sep;179(3):717-24



252 C.B. Rabinowitz et al.

76. Dromain C, de Baere T, Lumbroso J, et al. Detection of liver metastases from endocrine 
tumors: a prospective comparison of somatostatin receptor scintigraphy, computed tomogra-
phy, and magnetic resonance imaging. J Clin Oncol. 2005 Jan 1;23(1):70-8.

77. Higashi T, Saga T, Nakamoto Y, et al. Diagnosis of pancreatic cancer using fluorine-18 
fluorodeoxyglucose positron emission tomography (FDG PET) –usefulness and limitations in 
“clinical reality”. Ann Nucl Med. 2003 Jun;17(4):261-79.

78. Orlando LA, Kulasingam SL, Matchar DB. Meta-analysis: the detection of pancreatic malig-
nancy with positron emission tomography. Aliment Pharmacol Ther. 2004 Nov 
15;20(10):1063-70.

79. Rosenbaum SJ, Stergar H, Antoch G, Veit P, Bockisch A, Kuhl H. Staging and follow-up of 
gastrointestinal tumors with PET/CT. Abdom Imaging. 2006 Jan-Feb;31(1):25-35.

80. Lemke AJ, Niehues SM, Hosten N, et al. Retrospective digital image fusion of multidetector 
CT and 18F-FDG PET: clinical value in pancreatic lesions–a prospective study with 104 
patients. J Nucl Med. 2004 Aug;45(8):1279-86.

81. Ruf J, Lopez Hanninen E, Bohmig M, et al. Impact of FDG-PET/MRI Image Fusion on the 
Detection of Pancreatic Cancer. Pancreatology. 2006 Nov 13;6(6):512-519.

82. Diederichs CG, Staib L, Vogel J, et al. Values and limitations of 18F-fluorodeoxyglucose-posi-
tron-emission tomography with preoperative evaluation of patients with pancreatic masses. 
Pancreas. 2000 Mar; 20(2):109-16.

83. Frohlich A, Diederichs CG, Staib L, Vogel J, Beger HG, Reske SN. Detection of liver metas-
tases from pancreatic cancer using FDG PET. J Nucl Med. 1999 Feb;40(2):250-5.

84. Sahani DV, Kalva SP, Fischman AJ, et al. Detection of liver metastases from adenocarcinoma 
of the colon and pancreas: comparison of mangafodipir trisodium-enhanced liver MRI and 
whole-body FDG PET. AJR Am J Roentgenol. 2005 Jul;185(1):239-46.

85. Yang M, Martin DR, Karabulut N, Frick MP. Comparison of MR and PET imaging for the 
evaluation of liver metastases. J Magn Reson Imaging. 2003 Mar;17(3):343-9.

86. Yoshioka M, Sato T, Furuya T, et al. Role of positron emission tomography with 2-deoxy-2-
[18F]fluoro-D-glucose in evaluating the effects of arterial infusion chemotherapy and radio-
therapy on pancreatic cancer. J Gastroenterol. 2004 Jan;39(1):50-5.

87. Maisey NR, Webb A, Flux GD, et al. FDG-PET in the prediction of survival of patients with 
cancer of the pancreas: a pilot study. J Cancer. 2000 Aug;83(3):287-93.

88. Bang S, Chung HW, Park SW, et al. The clinical usefulness of 18-fluorodeoxyglucose positron 
emission tomography in the differential diagnosis, staging, and response evaluation after concur-
rent chemoradiotherapy for pancreatic cancer. J Clin Gastroenterol. 2006 Nov-Dec;40(10):923-9.

89. Rose DM, Delbeke D, Beauchamp RD, et al. 18Fluorodeoxyglucose-positron emission tomo
graphy in the management of patients with suspected pancreatic cancer. Ann Surg. 1999 
May;229(5):729-37.

90. Lyshchik A, Higashi T, Nakamoto Y, et al. Dual-phase 18F-fluoro-2-deoxy-D-glucose posi-
tron emission tomography as a prognostic parameter in patients with pancreatic cancer. Eur J 
Nucl Med Mol Imaging. 2005 Apr;32(4):389-97.

91. Nishiyama Y, Yamamoto Y, Monden T, et al. Evaluation of delayed additional FDG PET 
imaging in patients with pancreatic tumour. Nucl Med Commun. 2005 Oct;26(10):895-901.

92. Been LB, Suurmeijer AJ, Cobben DC, Jager PL, Hoekstra HJ, Elsinga PH. [18F]FLT-PET in 
oncology: current status and opportunities. Eur J Nucl Med Mol Imaging. 2004 
Dec;31(12):1659-72.

93. van Waarde A, Jager PL, Ishiwata K, Dierckx RA, Elsinga PH. Comparison of sigma-ligands 
and metabolic PET tracers for differentiating tumor from inflammation. J Nucl Med. 2006 
Jan;47(1):150-4.

94. Mansour JC, Schwartz L, Pandit-Taskar N, et al. The utility of F-18 fluorodeoxyglucose 
whole body PET imaging for determining malignancy in cystic lesions of the pancreas. J 
Gastrointest Surg. 2006 Dec;10(10):1354-60.

95. Cronan JJ. Ultrasound: Is there a future in diagnostic imaging? JACR 2006; 3(9): 645-6
96. Rickes S, Monkemuller K, Malfertheiner P. Contrast-enhanced ultrasound in the diagnosis of 

pancreatic tumors. JOP. 2006 Nov 10;7(6):584-92.



9 Recent Advances in Imaging of Pancreatic Neoplasms 253

 97. Korpanty G, Carbon JG, Grayburn PA, Fleming JB, Brekken RA. Monitoring response to 
anticancer therapy by targeting microbubbles to tumor vasculature. Clin Cancer Res. 2007 
Jan 1;13(1):323-30.

 98. Calculli L, Pezzilli R, Casadei R, Fiscaletti, et al. The imaging of pancreatic exocrine solid 
tumors: the role of computed tomography and positron emission tomography. JOP. 2007 Jan 
9;8(1 Suppl):77-84.

 99. Dewitt J, Devereaux BM, Lehman GA, Sherman S, Imperiale TF. Comparison of endoscopic 
ultrasound and computed tomography for the preoperative evaluation of pancreatic cancer: 
a systematic review. Clin Gastroenterol Hepatol. 2006 Jun;4(6):717-25

100. Klapman JB, Chang KJ, Lee JG, Nguyen P. Negative predictive value of endoscopic ultra-
sound in a large series of patients with a clinical suspicion of pancreatic cancer. Am J 
Gastroenterol. 2005 Dec;100(12):2658-61.

101. Alsibai KD, Denis B, Bottlaender J, Kleinclaus I, Straub P, Fabre M. Impact of cytopatholo-
gist expert on diagnosis and treatment of pancreatic lesions in current clinical practice. 
A series of 106 endoscopic ultrasound-guided fine needle aspirations. Cytopathology. 2006 
Feb;17(1):18-26.

102. De Angelis C, Repici A, Carucci P, et al. Pancreatic cancer imaging: the new role of endo-
scopic ultrasound. JOP. 2007 Jan 9;8(1 Suppl):85-97.

103. Micames CG, Gress FG. Local EUS-guided injection of chemotherapeutic agents as adju-
vant to systemic treatment: the first steps are made. Gastrointest Endosc. 2006 Dec 13; 
[Epub ahead of print].

104. Tran QN, Urayama S, Meyers FJ. Endoscopic ultrasound-guided celiac plexus neurolysis for 
pancreatic cancer pain: a single-institution experience and review of the literature. J Support 
Oncol. 2006 Oct;4(9):460-2, 464; discussion 463-4.

105. Wang PJ, Shang MY, Qian Z, Shao CW, Wang JH, Zhao XH. CT-guided percutaneous 
neurolytic celiac plexus block technique. Abdom Imaging. 2006 Dec 7; [Epub ahead of 
print].

106. Anderson MA, Carpenter S, Thompson NW, Nostrant TT, Elta GH, Scheiman JM. 
Endoscopic ultrasound is highly accurate and directs management in patients with neuroen-
docrine tumors of the pancreas. Am J Gastroenterol. 2000 Sep;95(9):2271-7.

107. Kwon RS, Scheiman JM. New advances in pancreatic imaging. Curr Opin Gastroenterol. 
2006 Sep;22(5):512-9.

108. Fujita N, Noda Y, Kobayashi G, Kimura K, Ito K. Endoscopic approach to early diagnosis 
of pancreatic cancer. Pancreas. 2004 Apr;28(3):279-81.

109. Furukawa T, Tsukamoto Y, Naitoh Y, Hirooka Y, Hayakawa T. Differential diagnosis 
between benign and malignant localized stenosis of the main pancreatic duct by intraductal 
ultrasound of the pancreas. Am J Gastroenterol. 1994 Nov;89(11):2038-41.

110. Furukawa T, Oohashi K, Yamao K, et al. Intraductal ultrasonography of the pancreas: devel-
opment and clinical potential. Endoscopy. 1997 Aug;29(6):561-9.

111. Testoni PA, Mariani A, Mangiavillano B, et al. Main pancreatic duct, common bile duct and 
sphincter of Oddi structure visualized by optical coherence tomography: An ex vivo study 
compared with histology. Dig Liver Dis. 2006 Jun;38(6):409-14.

112. Testoni PA, Mangiavillano B, Albarello L, et al. Optical coherence tomography to detect 
epithelial lesions of the main pancreatic duct: an Ex Vivo study. Am J Gastroenterol. 2005 
Dec;100(12):2777-83.

113. Testoni PA, Mariani A, Mangiavillano B, Arcidiacono PG, Masci E. Preliminary data on the 
use of intraductal optical coherence tomography during ERCP for investigating main pan-
creatic duct strictures. Gut. 2006 Nov;55(11):1680-1.

114. Testoni PA, Mariani A, Mangiavillano B, Arcidiacono PG, Di Pietro S, Masci E. Intraductal 
Optical Coherence Tomography for Investigating Main Pancreatic Duct Strictures. Am 
J Gastroenterol 2007;102:269-274

115. Roach PJ, Schembri GP, Ho Shon IA, Bailey EA, Bailey DL. SPECT/CT imaging using a 
spiral CT scanner for anatomical localization: Impact on diagnostic accuracy and reporter 
confidence in clinical practice. Nucl Med Commun. 2006 Dec;27(12):977-87.



254 C.B. Rabinowitz et al.

116. Ingui CJ, Shah NP, Oates ME. Endocrine neoplasm scintigraphy: added value of fusing 
SPECT/CT images compared with traditional side-by-side analysis. Clin Nucl Med. 2006 
Nov;31(11):665-72.

117. Stabile BE, Morrow DJ, Passaro E Jr. The gastrinoma triangle: operative implications. Am J 
Surg. 1984 Jan;147(1):25-31.

118. Gibril F, Reynolds JC, Doppman JL, et al. Somatostatin receptor scintigraphy: its sensitivity 
compared with that of other imaging methods in detecting primary and metastatic gastrino-
mas. A prospective study. Ann Intern Med. 1996 Jul 1;125(1):26-34.

119. Montet X, Weissleder R, Josephson L. Imaging pancreatic cancer with a peptide-nanoparticle 
conjugate targeted to normal pancreas. Bioconjug Chem. 2006 Jul-Aug;17(4):905-11.

120. Fleischmann A, Laderach U, Friess H, Buechler MW, Reubi JC. Bombesin receptors in dis-
tinct tissue compartments of human pancreatic diseases. Lab Invest 2000. 
Dec;80(12):1807-17.

121. Rehman S, Jayson GC. Molecular imaging of antiangiogenic agents. Oncologist. 2005 
Feb;10(2):92-103.

122. Miles KA, Hayball MP, Dixon AK. Measurement of human pancreatic perfusion using 
dynamic computed tomography with perfusion imaging. Br J Radiol. 1995 
May;68(809):471-5.

123. Xue HD, Jin ZY, Liu W, Wang Y, Zhao WM. Perfusion characteristics of normal pancreas 
and insulinoma on multi-slice spiral CT. Zhongguo Yi Xue Ke Xue Yuan Xue Bao. 2006 
Feb;28(1):68-70.

124. Kiessling F, Morgenstern B, Zhang C. Contrast agents and applications to assess tumor ang-
iogenesis in vivo by magnetic resonance imaging. Curr Med Chem. 2007;14(1):77-91.

125. Johnson PT, Outwater EK. Pancreatic carcinoma versus chronic pancreatitis: dynamic MR 
imaging. Radiology. 1999 Jul. 212(1):213-8.




