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ABSTRACT

Introduction: In pancreatic ductal adenocarcinoma (PDA), surgical resection is the only
curative treatment, but due to its late clinical presentation only 15-25% patients are
candidates for curative resection. The aim of this prospective, single-center study is to
determine the diagnostic utility of preoperative PET-CT for early detection of PDA and early
paniN lesions.

Methods: We studied the histopathological features of PDA and different panIN lesions in
139 surgical samples from patients undergoing pancreatic resection (from 2010 to 2014),
comparing these results with preoperative PET-CT and MDCT study. For tumor diagnosis in
PET-CT maximum standard SUV 2.5 was used. Pancreatic baseline SUVmax is the maximum
uptake of the radiotracer 18-2FDG on the ROI curve determined for the area of the normal
pancreas after pathological reassessment with areas not affected by tumors or preneoplas-
tic lesions. Tumor Uptake Index is the ratio between the tumor SUVmax and pancreatic
baseline SUVmax.

Results: Using an standard maximum SUV value of 2.5, PET-CT sensitivity was 77.7% (108 of
the 139 cases) against 75.5% (105 of the 139 cases) of MDCT. But when we combined this
value with maximum SUV of normal pancreatic tissue from each patient, PET-CT sensitivity
improved its value to 94.9%.
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Conclusion: A combination of studies of PET-CT in tumor and non-tumor tissue of each
patient might be a very useful diagnostic tool not only for preoperative diagnosis of PDA, but
also for early panIN lesions.

© 2016 AEC. Published by Elsevier Espaiia, S.L.U. All rights reserved.

Utilidad de la 18-fluorodeoxiglucosa en la tomografia por emisién de
positrones-tomografia computarizada (PET-TC) preoperatoria en el
diagnostico precoz del cancer de pancreas exocrino: estudio en 139 casos
resecados

RESUMEN

Palabras clave:

Adenocarcinoma ductal de pancreas
Tomografia por emisién de
positrones-tomografia
computarizada (PET-TC)

Cirugia pancredtica

Neoplasia intraepitelial pancreatica

Introduccion: El Unico tratamiento curativo del cancer de pancreas (CP) es la exéresis
quirtrgica, pero debido a su presentacién clinica tardia solo el 15-25% de los pacientes
son candidatos a reseccién curativa. El objetivo de este trabajo, prospectivo y unicéntrico, es
determinar la utilidad de la PET-TC preoperatoria en el diagndstico precoz del CP, en su
estadificacién y en la deteccién de estadios precursores de la enfermedad en una serie de
139 pacientes sometidos a intervencién quirdrgica con «intencién curativa» y con el
diagnéstico histolégico de adenocarcinoma ductal.
Metodos: Hemos estudiado las caracteristicas histopatoldgicas del CP y de las diferentes
lesiones paniN en las piezas quirdrgicas de 139 pacientes sometidos a reseccién pancredtica
durante el periodo 2010-2014, comparando estos resultados con los datos preoperatorios de
una tomografia computarizada multidetector con contraste trifdsico (TCMD) y una PET-TC
en la que la captacién de glucosa fue determinada por el SUV, considerando malignidad por
encima de 2,5.
Resultados: En nuestra serie, la sensibilidad de la PET-TC para el diagnéstico tumoral fue del
77,7% (108 de los 139 casos) versus el 75,5% (105 de los 139 casos) para la TCMD. Cuando
combinamos este valor méximo del SUV tumoral con el SUV maximo de tejido pancreatico
normal de cada paciente, la sensibilidad diagnéstica de la PET-TC para el CP asciende al
94,9% (132 de los 139 casos).
Conclusion: Una combinacién de los estudios del PET-TC en el tejido tumoral y no tumoral de
cada paciente puede ser una herramienta diagnéstica muy 1til no solo para el diagnéstico
preoperatorio del CP, sino también para las lesiones paniIN.

© 2016 AEC. Publicado por Elsevier Espaiia, S.L.U. Todos los derechos reservados.

Introduction

and the detection of precursor stages of the disease in a
series of 139 patients who underwent surgery with curative
intent and had a histological diagnosis of ductal adenocar-
cinoma.

The only curative treatment for pancreatic cancer (PC) is
surgical removal."” The 5-year survival rate is less than 5%,
although it reaches 30% in patients who undergo surgery with
curative intent associated with adjuvant radiotherapy and
chemotherapy.®°

Today, PC survival rates may be able to be improved if early
diagnosis is reached with precise tumor staging, in addition to
the detection of precursor lesions of PC, known as pancreatic
intraepithelial neoplasms (panIN).**™> Some authors®??
suggest that 18-fluorodeoxyglucose in positron emission
tomography-computed tomography (PET-CT) could provide
benefits in this area. Furthermore, in experimental models it
has been observed that PET may be useful for the detection of
precursor lesions of PC, although its utility has never been
evaluated in humans.”

The objective of our study is to determine the utility of
preoperative PET-CT in the early diagnosis of PC, its staging

Methods

Patients

At our hospital, 139 prospective patients diagnosed with PC
underwent pancreatic resection with curative intent in the
study period from 2010 to 2014. Mean age was 60.6+12.9 years
(range: 37-79 years); 88 patients (63.3%) were male and the
remaining 51 (36.7%) were female. The variables studied
included: tumor location and tumor size, histologic grade,
TNM stage, lymphovascular invasion, perineural invasion,
lymph node metastases, presence of panIN lesions, maximum
tumor SUV, maximum SUV for panIN and maximum baseline
SUV of the pancreas.
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Methods

Resectability and preoperative staging were evaluated by
three-phase, contrast-enhanced, multidetector CT (MDCT)
and a PET-CT in which the glucose uptake was determined by
SUV, considering malignancy above 2.5. In our series, in 103
cases (74.1%) pancreaticoduodenectomy was performed; in 26
cases (18.7%), distal pancreatectomy was done, while the
remaining 10 patients underwent total pancreaticoduodenec-
tomy.

The precision for staging PC of both PET-CT and MDCT was
calculated based on intraoperative findings and pathology
reports for each patient. All the surgical specimens were
studied by 2 pathologists specialized in pancreatic patholo-
gies. In all cases, the histologic type was ductal adenocarci-
noma. Staging was done in accordance with the 7th Edition of
the TNM Classification of the AJCC/UICC.?»?°

Definition of Concepts

e SUV: standard uptake value (SUV) is the most extensively
used semiquantitative index that measures the uptake of
FDG by the lesion (MBg/cc) according to the injected dose
corrected for the weight of the patient (MBg/kg).

e Maximum tumor SUV is the maximum uptake of 18-2FDG (2-
deoxy-2-(*¥F) fluoro-p-glucose) radioactive tracer in the ROI
curve determined by the tumor area being studied. A
maximum SUV>2.5 is considered pathologic.

e Maximum SUV of panIN is the maximum uptake of
radioactive tracer 18-2FDG in the ROI curve determined
for the area with histopathological lesions compatible with
panIN lesions reevaluated after the histopathological
analysis of the surgical specimen.

e Maximum baseline SUV of the pancreas is the maximum
uptake of radioactive tracer 18-2FDG in the ROI curve
determined for the area of the normal pancreas after being
reevaluated pathologically with areas unaffected by the
tumor or by preneoplastic lesions.

e Tumor uptake rate (TUR) is the quotient between maximum
tumor SUV and the maximum baseline SUV of the pancreas.

Statistical Analysis

The sensitivity of CT for the detection of PC was calculated
according to the histological results of the resected specimen.
The McNemar test was used to compare the detection
sensitivity of PET-CT vs MDCT. The statistical analysis was
calculated with SPSS software version 20.0 (SPSS Inc., Chicago,
IL), Fisher’s exact test and Spearman’s correlation coefficient.
A P value <.05 was considered statistically significant.

Results

Histopathological Characteristics of our Series

In the histology study (AP) of the surgical specimens, the most
frequent tumor location was the head of the pancreas (113 out
of 139, which is 81.3% of cases), while the remaining 26 cases

were located in the body and tail of the pancreas (18.7% of
cases). The head of the pancreas was also the most frequently
reported location with the other techniques, with percentages
in CT and in PET-CT of 75.5% (105 out of 139 patients) and 77.7%
(108 of 139 patients), respectively. Analyzing these results,
there is a statistically significant (SS) correlation between
tumor location in the AP with the tumor location on CT (P=.01)
and PET-CT (P=.02).

In the AP, mean tumor size was 2.7+0.75 cm (range: 1.5~
4 cm). Mean tumor size on CT was 2.5+1.25 cm and on PET-CT
2.6+0.87 cm. When these results are analyzed, there is a SS
correlation between the tumor size in the AP with the tumor
size on CT (P=.01) and PET-CT (P=.02).

With regards to histological grade, in 29 patients a well-
differentiated tumor was observed (20.9%); in 103 patients
(74.1%), the tumor was moderately differentiated; and in the 7
remaining patients (5.1%), the tumor was poorly differentia-
ted. In our series, in 54 out of 139 cases (38.8%) and in 76 out of
139 cases (54.6%), there were lymphovascular and perineural
invasions, respectively.

As for TNM classification, 24.4% (34 patients) were T1, 36%
(50 cases) were T2 and the remaining 39.6% (55 cases) were T3.
Also, 21.6% of the patients had no lymph node metastatic
invasion (30 cases), while the remaining 78.4% (109 cases) were
N1. As for stage, 37.4% (52 patients) were classified as a stage
less than or equal to IIA and the remaining 62.6% (87 patients)
were stage IIB.

Lastly, in 109 of the 139 patients (78.4%), metastatic
lymphadenopathies were observed in the surgical specimen.
Nonetheless, preoperatively only 75 patients (53.9%) had
suspected lymph node metastasis on MDCT, and only 10
patients (7.2%) on PET-CT, which demonstrated the limited
sensitivity of PET-CT. In our series, there was no SS correlation
between the presence or absence of lymph node metastases
and their detection on MDCT or PET-CT.

Maximum Standardized Uptake Value of the Normal
Pancreas, Pancreatic Tumor and Intraepithelial Pancreatic
Neoplasms

Most authors consider pathological a maximum SUV>2.5.
Nonetheless, as there is great interindividual uptake variability
in healthy pancreatic tissue on PET-CT, our series has measured
maximum baseline SUV of the pancreas for each of the patients,
with a median value of 1.28. In addition, for each patient the
PET-CT findings correlated pathologically with areas that were
unaffected by the tumor or by preneoplastic lesions. In our
series, the median maximum tumor SUV was 3.29.

In the AP study, 68.3% of the patients (95 out of 139 cases)
presented preneoplastic lesions, and 30 cases (21.6%) had
grade 3 panIN lesions. The most frequent location was the
head of the pancreas (53 cases), which represents 38.1% of the
cases studied. Furthermore we found that 45 cases (32.6%)
presented with multicenter panIN lesions in the surgical
specimen. The median maximum SUV reached in the grade 3
paniN lesions was 2.8; in grade 2 panlN, it was 1.95; and in
grade 1 panliN, 1.76.

Because there is much interindividual baseline and tumor
uptake, in our series we have calculated an index between
maximum tumor SUV and maximum baseline SUV, which
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Fig. 1 - (A) Tumor uptake in PET-CT: the white line represents the tumor area; the yellow is the perilesional area; the red is
the area of the affected pancreas, in this case the head of the pancreas; (B) representation of the different parts of the

pancreas on CT.

enables us to establish as the lower limit for suspicion of a
pancreatic cancer a value of 1.33. Meanwhile, in the study of
the panlIN lesions, the index or coefficient for maximum SUV
of panIN versus the maximum baseline SUV of the pancreas
was 1.03. Upon analyzing our series, 95% of the patients
(132 cases) presented a maximum tumor SUV/maximum
baseline SUV index greater than 1.33.

Validity of MDCT and PET-CT for the Diagnosis and Staging
of Pancreatic Cancer

The sensitivity of MDCT for the diagnosis of PC was 75.5% (105
out of 139 cases). In turn, the sensitivity of PET-CT was 77.7%
(108 cases), using as a criterion for suspecting malignancy a
maximum tumor SUV of 2.5. However, when we used the

maximum tumor SUV/baseline SUV (uptake rate) coefficient
with a cut-off point of 1.33, the sensitivity rose to 94.9% (132
out of 139 patients) (Figs. 1 and 2).

Discussion

In spite of surgery with curative intent, many patients with PC
develop tumor recurrence within 6-15 months after surgery,
which is related with the high biological aggressiveness of the
tumor and extra-pancreatic tumor extension that is not
detected during surgery.’ Moreover, in the natural history of
ductal adenocarcinoma, thanks to molecular biology, there
have been reports of precursor lesions, known as panIN,,****
in which the normal ductal epithelium would evolve toward
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Fig. 2 - The sensitivity of MDCT in the diagnosis of
pancreatic cancer was 75.5% and that of PET-CT was
77.7%, if a maximum SUV>2.5 is considered pathologic. If
we use the tumor uptake rate, the sensitivity of PET-CT is
94.9%.

an epithelium with metaplasia (panIN grades 1A and 1B),
afterwards with mild or low-grade dysplasia (grade 2 panIN)
and, progressively, to severe or high-grade dysplasia (grade
3 panIN) and, lastly, to invasive carcinoma with simulta-
neous accumulation of successive genetic mutations. For
these reasons, the expectation is that the results of PC
treatment can be improved with early diagnosis and precise
tumor staging, in addition to the detection of panIN
lesions.” This is usually insufficiently assessed with
conventional imaging techniques and, therefore, our inten-
tion is to analyze the usefulness of PET-CT in the early
diagnosis of PC.

In our study, distribution by sex, mean age, tumor size,
most frequent tumor location and mean maximum SUV
coincide with the descriptions found in the bibliographic
references we consulted.”®

Currently, the utility of PET-CT is still not clear in the
diagnosis and staging of PC.?*% Its sensitivity for the initial
diagnosis ranges from 73 to 94%, while its specificity drops to
60%-89%, which is related with the possible appearance of
false positives that occur in inflammatory processes like
pancreatitis, infected pseudocysts and prosthetic materials,
etc.

Moreover, several studies®*? have compared the results of
PET with those of CT and MRI, publishing contradictory results
as to whether the former provides additional information over
other techniques. Other authors®*** consider that the asso-
ciation of PET with MDCT is able to achieve better spatial-
anatomic resolution, although their use with intravenous
contrast is not widespread, thereby losing sensitivity for the
diagnosis of small tumors and metastasis.>

In 2011, Fendrich et al.> published a study in which they
had conducted an experimental model for detecting precursor
lesions of PC in mutated K-RAS rats, which developed panIN
lesions that evolved into invasive PC. This study demonstrated
that there was overexpression of GLUT-2 in panIN lesions,

starting with type 1B and in more advanced stages, which was
associated with an increase in the transport and intracellular
accumulation of FDG, observed on PET-CT. Supported by the
results of these authors,”® we performed this study on
patients with suspected PC, and for that reason preoperative
MDCT and PET-CT were ordered in all cases. In our study, the
sensitivity of MDCT for the diagnosis of PC was 75.5%, while
for PET-CT it was 77.7%. Likewise, no SS differences were
obtained in TNM classification. In our series the median
maximum SUV was 3.29; the mean was not used as a
positioning measurement because the series presented quite
disparate values ranging from 1.18 to 12.73. In our study, we
observed that if we used a PET-CT cut-off point to suspect
malignancy at a maximum SUV of 2.5 (as used by several
authors),'® " we lost 23.8% of the patients with PC during the
preoperative diagnosis. To resolve this problem, based on the
large interindividual uptake variability of FDG in healthy
pancreatic tissue (baseline) and in the presence of false
positives and negatives depending on instrumentation bias,
for eachindividual we measured the tumor uptake rate (TUR).
Using this index, in our series we can confirm that 95% of the
patients with PC presented a TUR higher than 1.33. The
sensitivity of PET-CT in the diagnosis of TUR obtained with
this new index was 94.9%, compared to 76.2% that was
obtained when using maximum SUV greater than or equal to
2.5 as a diagnostic parameter.

In our series, 68.3% of the patients presented panIN lesions.
We retrospectively evaluated the translation of the anatomical
areas affected by these lesions in terms of the uptake of
baseline FDG of the pancreas on PET-CT, obtaining statistically
significant differences in the uptake of FDG versus healthy
pancreatic tissue for panIN grade 1, grade 2 and grade 3,
respectively. In our series, the TUR utilized for the diagnosis of
the panIN lesions was 1.03, so we were able to diagnose 95% of
the patients affected by said lesions. Perhaps with the
utilization of TUR we can detect multicentric panIN grade 2
and grade 3 lesions in the body and tail of the pancreas, which
would require total pancreatectomies. Likewise, it could be
used in patient groups at high risk for developing PC, such as
hereditary chronic pancreatitis, Gardner syndrome, Peutz-
Jeghers syndrome, etc.

To conclude, in our experience PET-CT is a valuable tool for
the preoperative diagnosis of PC and preneoplastic panIN
lesions, although the analysis should be individualized and
very meticulous in each patient studied. The use of TUR could
be useful for diagnosis in patients with suspected malignancy
and unclear imaging studies (MDCT).

Authorship

Study design: Francisco Sanchez Bueno, Rocio Garcia-Pérez,
Maria Antonia Claver Valderas and Pascual Parrilla Paricio.

Data collection: Francisco Sanchez-Bueno, Rocio Garcia-
Pérez, Laura Frutos Esteban and Matilde Fuster Quifionero.

Analysis and interpretation of the results: Francisco Sanchez
Bueno, Rocio Garcia-Pérez, Maria Antonia Claver Valderas,
Jesus de la Pefia Moral and Matilde Fuster Quifionero.

Article composition: Francisco Sanchez Bueno, Rocio Garcia-
Pérez, Eduardo Ortiz Ruiz and Laura Frutos Esteban.



516

CIR ESP. 2016;94(9):511-517

Critical review and approval of the final version: Francisco
Sanchez-Bueno, Rocio Garcia-Pérez and Pascual Parrilla

Paricio.

Conflict of Interests

The authors have no conflicts of interest to declare.

REFERENCES

10.

11.

12.

13.

14.

15.

. Navarro S, Vaquero E, Maurel ], Bombi JA, de Juan C, Feliu J,

et al., Grupo Espafiol de Consenso en Cancer de Pancreas.
Recomendaciones para el diagnéstico, estadificacién y
tratamiento del cancer de pancreas (parte I). Med Clin (Barc).
2010;134:643-55.

. Ducreux M, Cuhna AS, Caramella C, Hollebecque A, Burtin P,

Goere D, et al. Cancer of the pancreas: ESMO clinical practice
guidelines for diagnosis, treatment and follow-up. Ann
Oncol. 2015;26 Suppl. 5:v56-68.

. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA

Cancer J Clin. 2015;65:5-29.

. Howlader N, Noone AM, Krapcho M, Miller D, Bishop K,

Altekruse SF, et al. SEER Cancer Statistics Review, 1975-2013,
National Cancer Institute. Bethesda, MD, http://
seer.cancer.gov/csr/1975_2013/, based on November 2015
SEER data submission, posted to the SEER web site, April
2016.

. Rahib L, Smith BD, Aizenberg R, Rosenzweigt AB, Fleshman

JM, Matrisian LM. Projecting cancer incidence and deaths to
2030: the unexpected burden of thyroid, liver, and pancreas
cancers in the United States. Cancer Res. 2014;74:2913-21.

. Navarro S, Vaquero E, Maurel J, Bombi JA, de Juan C, Feliu J,

et al., Grupo Espafiol de Consenso en Cancer de Pancreas.
Recomendaciones para el diagnéstico, estadificacién y
tratamiento del cancer de pancreas (parte 1I). Med Clin
(Barc). 2010;134:692-702.

. Vincent A, Herman J, Schulick R, Hruban RH, Goggins M.

Pancreatic cancer. Lancet. 2011;378:607-20.

. Bilimoria KY, Bentrem DJ, Ko CY, Stewart AK, Winchester

DP, Talamonti MS. National failure to operate on early stage
pancreatic cancer. Ann Surg. 2007;246:173-80.

. Hidalgo M. Pancreatic cancer. N Engl ] Med. 2010;362:

1605-17.

Garrido-Laguna I, Hidalgo M. Pancreatic cancer: from state-
of-the-art treatments to promising novel therapies. Nat Rev
Clin Oncol. 2015;12:319-34.

Hruban RH, Goggins M, Parsons J, Kern SE. Progression
model for pancreatic cancer. Clin Cancer Res. 2000;6:
2969-72.

Hruban RH, Takaori K, Canto M, Fishman EK, Campbell K,
Brune K, et al. Clinical importance of precursor lesions in
the pancreas. ] Hepatobiliary Pancreat Surg. 2007;14:255-63.
Wilde RF, Hruban RH, Maitra A, Offerhaus GJA. Reporting
precursors to invasive pancreatic cancer: pancreatic
intraepithelial neoplasia, intraductal neoplasms and
mucinous cystic neoplasm. Diag Histopathol. 2011;18:17-30.
Brosens LAA, Hackeng WM, Offerhaus GJ, Hruban RH, Wood
LD. Pancreatic adenocarcinoma pathology: changing
landscape. ] Gastrointest Oncol. 2015;6:358-74.

Chari ST, Kelly K, Hollingsworth MA, Thayer SP, Ahlquist
DA, Andersen DK, et al. Early detection of sporadic
pancreatic cancer. Summative review. Pancreas.
2015;44:693-712.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Lu DS, Reber HA, Krasny RM, Kadell BM, Sayre J. Local
staging of pancreatic cancer: criteria for unresectability of
major vessels as revealed by pancreatic-phase, thin-section
helical CT. Am ] Roentgenol. 1997;168:1439-43.

Heinrich S, Goerres GW, Schifer M, Sagmeister M,
Bauerfeind P, Pestalozzi BC, et al. Positron emission
tomography/computed tomography influences on the
management of resectable pancreatic cancer and its cost-
effectiveness. Ann Surg. 2005;242:235-43.

Pakzad F, Groves AM, Ell PJ. The role of positron emission
tomography in the management of pancreatic cancer.
Semin Nucl Med. 2006;36:248-56.

Wakabayashi H, Nishiyama Y, Otani T, Sano T, Yachida S,
Okano K, et al. Role of 18F-fluorodeoxyglucose positron
emission tomography imaging in surgery for pancreatic
cancer. World ] Gastroenterol. 2008;14:64-9.

Strobel K, Heinrich S, Bhure U, Soyka J, Veit-Haibach P,
Pestalozzi BC, et al. Contrast-enhanced 18F-FDG PET/CT: 1-
stop-shop imaging for assessing the resectability of
pancreatic cancer. ] Nucl Med. 2008;49:1408-13.

Kauhanen SP, Komar G, Seppdnen MP, Dean KI, Minn HR,
Kajander SA, et al. A prospective diagnostic accuracy study
of 18F-fluorodeoxyglucose positron emission tomography/
computed tomography, multidetector row computed
tomography, and magnetic resonance imaging in primary
diagnosis and staging of pancreatic cancer. Ann Surg.
2009;250:957-63.

Altamirano Ley J, Garcia Estrada GR, Ramirez Arias JR.
Tomografia por emisién de positrones PET. Fundamentos e
indicaciones. Act Med. 2005;3:179-89.

Fendrich V, Schneider R, Maitra A, Jacobsen ID, Opfermann
T, Bartsch DK. Detection of precursor lesions of pancreatic
adenocarcinoma in PET-CT in a genetically engineered
mouse model of pancreatic cancer. Neoplasia. 2011;13:
180-6.

TNM. In: Sobin LH, Gospodarowicz MK, Wittekind CH,
editors. Classification of Malignant Tumours 7th edition.
New York, NY: John Wiley and Sons Ltd.; 2009.

American Joint Committee on Cancer (AJCC). In: Edge SB,
Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti A, editors.
Cancer Staging Manual 7th ed. New York, NY: Springer; 2009
Ruf J, Lopez Hanninen E, Oettle H, Plotkin M, Pelzer U,
Stroszczynski C, et al. Detection of recurrent pancreatic
cancer: comparison of FDG-PET with CT/MRI. Pancreatology.
2005;5:266-72.

Shrikhande SV, Barreto SG, Goel M, Arya S. Multimodality
imaging of pancreatic ductal adenocarcinoma: a review of
the literature. HPB (Oxford). 2012;14:658-68.

Santhosh S, Mittal BR, Bhasin D, Srinivasan R, Rana S, Das A,
et al. Role of (18)F-fluorodeoxyglucose positron emission
tomography/computed tomography in the characterization
of pancreatic masses: experience from tropics. J
Gastroenterol Hepatol. 2013;28:255-61.

Rijkers AP, Valkema R, Duivenvoorden H]J, van Eijck CH.
Usefulness of F-18-fluorodeoxyglucose positron emission
tomography to confirm suspected pancreatic cancer: a
meta-analysis. Eur ] Surg Oncol. 2014;40:794-804.

Wang XY, Yang F, Jin C, Guan YH, Zhang HW, Fu DL. The
value of 18F-FDG positron emission tomography/computed
tomography on the pre-operative staging and the
management of patients with pancreatic carcinoma.
Hepatogastroenterology. 2014;61:2102-9.

Burge ME, O’Rourke N, Cavallucci D, Bryant R, Francesconi
A, Houston K, et al. A prospective study of the impact of
fluorodeoxyglucose positron emission tomography with
concurrent non-contrast CT scanning on the management
of operable pancreatic and peri-ampullary cancers. HPB.
2015;17:624-31.


http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0180
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0180
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0180
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0180
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0180
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0185
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0185
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0185
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0185
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0190
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0190
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0200
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0200
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0200
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0200
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0205
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0205
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0205
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0205
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0205
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0210
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0210
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0215
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0215
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0215
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0220
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0220
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0225
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0225
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0225
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0230
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0230
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0230
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0235
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0235
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0235
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0240
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0240
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0240
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0240
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0245
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0245
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0245
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0250
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0250
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0250
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0250
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0255
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0255
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0255
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0255
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0260
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0260
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0260
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0260
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0260
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0265
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0265
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0265
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0270
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0270
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0270
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0270
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0275
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0275
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0275
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0275
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0280
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0280
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0280
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0280
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0280
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0280
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0280
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0285
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0285
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0285
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0290
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0290
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0290
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0290
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0290
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0295
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0295
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0295
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0300
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0300
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0300
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0300
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0305
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0305
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0305
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0305
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0310
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0310
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0310
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0315
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0315
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0315
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0315
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0315
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0320
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0320
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0320
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0320
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0325
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0325
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0325
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0325
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0325
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0330
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0330
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0330
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0330
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0330
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0330

CIR ESP. 2016;94(9):511-517 517

32.

33.

Chirindel A, Alluri KC, Chaudhry MA, Wahl RL, Pawlik TM,
Herman JM, et al. Prognostic Value of FDG PET/CT-derived
parameters in pancreatic adenocarcinoma at initial PET/CT
staging. AJR. 2015;204:1093-9.

Raman SP, Chen Y, Fishman EK. Cross-sectional imaging
and the role of positron emission tomography in pancreatic
cancer evaluation. Sem Oncol. 2015;42:40-58.

34. Zhang ], Zuo CJ, Jia N-Y, Wang J-H, Hu S-P, Yu Z-F, et al.
Cross-modality PET/CT and contrast-enhanced CT imaging
for pancreatic cancer. W ] Gastroenterol. 2015;21:2988-96.

35. Kawada N, Uehara H, Hosoki T, Takami M, Shiroeda h,
Arisawa T, et al. Usefulness of dual-phase 18F-FDG PET/CT
for diagnosing small pancreatic tumors. Pancreas.
2015;44:655-9.


http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0335
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0335
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0335
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0335
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0340
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0340
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0340
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0345
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0345
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0345
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0350
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0350
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0350
http://refhub.elsevier.com/S2173-5077(16)30131-4/sbref0350

	Utility of 18 Fludeoxyglucose in Preoperative Positon-Emission Tomography-Computed Tomography (PET-CT) in the Early Diagno...
	Introduction
	Methods
	Patients
	Methods
	Definition of Concepts
	Statistical Analysis

	Results
	Histopathological Characteristics of our Series
	Maximum Standardized Uptake Value of the Normal Pancreas, Pancreatic Tumor and Intraepithelial Pancreatic Neoplasms
	Validity of MDCT and PET-CT for the Diagnosis and Staging of Pancreatic Cancer

	Discussion
	Authorship
	Conflict of Interests
	References


