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Radiologic Evaluation
for Resectability of
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Imaging studies play an important role in the detection, diagnosis, assessment of resectability,
staging, and determination of patient-tailored treatment options for pancreatic adenocarcino-
ma. Recently, for patients diagnosed with borderline resectable or locally advanced pancreatic
cancers, it is recommended to consider curative-intent surgery following neoadjuvant or pallia-
tive therapy, if possible. This review covers how to interpret imaging tests and what to consider
when assessing resectability, diagnosing distant metastasis, and re-assessing the resectability
of pancreatic cancer after neoadjuvant or palliative therapy.
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Table 1. Recommended CT Protocol for Evaluation of Pancreatic Adenocarcinoma

Parameter

Details

Scan type

Acquisition section thickness
Oral contrast

Intravenous contrast
Injection rate

Acquisition timing

Image reconstruction

Helical (preferably at least 64 multidetector row scanner)

Thinnest possible (<3 mm), preferably submillimeter (0.5-1.5 mm) if available and saving source images for
problem solving

Neutral contrast (positive contrast may compromised the 3D and MIP reformatted images)

lodine-containing contrast agent, preferably high concentration (> 300 mgl/mL). Lower concentration
contrast can be used if low kVp setting is applied

3-5mL/s

Pancreatic parenchymal phase (40-50 s) and portal venous phase (65-70 s) after intravenous
contrast injection

Axial and multiplanar reformats (in the coronal, and per institutional preference, sagittal plane) at 2-3 mm
thickness

MIP or 3D volumetric thick section images may be helpful for vascular evaluation

Adapted from National Comprehensive Cancer Network. NCCN Clinical Practive Guideline in Oncology (NCCN Guidelines®): Pancreatic adeno-
carcinoma, version 1.2021. Available at. https://www.nccn.org/store/login/login.aspx?ReturnURL=https://www.nccn.org/professionals/physi-

cian_gls/pdf/pancreatic.pdf (6).

MIP = maximal intensity projection, 3D = three-demensional
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Table 2. Recommended MRI Protocol for Evaluation of Pancreatic Adenocarcinoma

Sequence Plane Slice Thickness

T2-weighted single shot fast SE (SSFSE/HASTE) Coronal with or withoutaxial <6 mm
T1l-weighted In- and opposed- phase GRE Axial <6mm
T2-weighted fat-suppressed fast SE Axial <6mm
DWI Axial <6mm
Pre and dynamic post intravenous contrast administration 3D T1-weighted Axial Thinnest possible 2-3 mm

fat-suppressed GRE (in pancreatic, portal venous, and equilibrium phasese) (4-6 mm if overlapping)
T2-weighted MRCP (prefereably 3D, FRFSE) Coronal <3mm

Adapted from National Comprehensive Cancer Network. NCCN Clinical Practive Guideline in Oncology (NCCN Guidelines®): Pancreatic adeno-
carcinoma, version 1.2021. Available at. https://www.nccn.org/store/login/login.aspx?ReturnURL=https://www.nccn.org/professionals/physi-

cian_gls/pdf/pancreatic.pdf (6).

DWI = diffusion-weighted imaging, FRFSE = fast relaxation fast SE, GRE = gradient echo, HASTE = half-Fourier acquisition single-shot turbo SE,
MRCP = magnetic resonance cholangiopancreatography, SE = spin echo, SSFSE = single-shot fast SE, 3D = three-demensional
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Fig. 1. The abutment of the SMA.

A, B. Axial (A) and coronal (B) images of CT show a hypoattenuating mass (asterisks) in the pancreatic head
and perivascular fat stranding (arrows) abutting posterior aspect of SMA less than 180°. The CBD is dilated
(arrowhead) due to tumor invasion of intrapancreatic CBD. Margin-negative resection was achieved.

CBD = common bile duct, SMA = superior mesenteric artery
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Fig. 2. Vascular encasement and distant metastasis.

A. Pancreatic head cancer (asterisk) encases the superior mesenteric vein (long arrow) and invades the right
gastroepiploic vessels. The possibility of carcinomatosis is suspected due to subtle nodular lesions of the
omentum (short arrow).

B. There is no evidence of liver metastasis in CT.

C. Atiny hyperintense hepatic lesion is detected in the MRI (arrow).
D. On follow-up CT image after 2 months, the hepatic lesion is proven to be metastatic (arrow).
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Shot. ey 718t Aertel weh dA 270 & IS 4= IHal AA S HlEr 2414 DP-
CARE Al¥3t 74-9- RO &A1& 72.8%0°]H(21), CA FHo] glo] EFEAQ HA|&-S Ayt 2t
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Fig. 3. Deformity and segmental resection of the SMV.

A-C. Axial (A, B) and coronal (C) images of CT show deformity with segmental luminal narrowing of SMV (arrows) due to the invasion of the
pancreatic head cancer (asterisk). Pylorus preserving pancreaticoduodenectomy with segmental resection of SMV achieved margin-negative.
SMV = superior mesenteric vein
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7V de] AR&E]= NCCN 7ho| =2fRl2 ml= 55-9/4218k2] (Society of Abdominal Radiol-
ogy)2} vl= #%48S](American Pancreatic Association)2] gol&, 12] 1 -8 ZUsts](Eu-
ropean Society for Medical Oncology) 7Fo]=21of| A AEi=]ITk5, 30). ©]2joll MD Ander-
son Cancer Center 7]5(15), American Hepato-Pancreato-Biliary Association (°]5F AHPBA)/
Society of Surgical Oncology (°l5t SSO)/Society for Surgery of the Alimentary Tract (°]5t
SSAT)7} 3522 A|9ksh 2.2(31), ALLIANCE trial®] £5(32), Japan Pancreas Society 25
(11) 5°] At} 20161 d0ll+= International Association of Pancreatology (|5t IAP)olA] a5
A%l 7|2 A2 7ol =gkl 55t o] 2jof] @7 carbohydrate antigen (°15}F CA 19-9)

> 500 U/mLe]u 2te] Zdell(Eastern Cooperative Oncology Group performance status) 5

Table 3. Criteria Defining Resectability Status According to National Comprehensive Cancer Network Guideline (Version 1.2021)

Resectability Status Arterial Venous
No tumor contact with the SMV or PV or < 180°
contact without vein contour irregularity

Resectable No arterial tumor contact (CA, SMA, or CHA)

Pancreatic head/uncinated process:

Solid tumor contact with CHA without extension to CA or
hepatic artery bifurcation allowing for safe and complete
resesection and reconstruction

Solid tumor contact with SMA of <180°

Solid tumor contact with variant arterial anatomy Solid tumor contact with the SMV or PV of > 180°,
(ex: accessory right hepatic artery, replaced right hepatic contact of < 180° with contour irregularity of
artery, replaced CHA, and the origin of replaced or accessory  the vein or thrombosis of the vein but with
Borderline resectable artery) and the presence and degree of tumor should be suitable vessel proximal and distal to the site of
noted if present, as it may affect surgical planning involvement allowing for safe and complete
Pancreatic body/tail: resection and vein reconstruction
Solid tumor contact with the CA of < 180° Solid tumor contact with the IVC

Solid tumor contact with the CA of > 180° without involvement
of the aorta and with intact and uninvolved GDA thereby
permitting a modified Appleby procedure (some panel
members prefer these criteria to be in the locally advanced
category)

Head/on cine weight process:

Solid tumor contact with SMA > 180° .
. . Unreconstructible SMV/PV due to tumor
Solid tumor contact with the CA>180°

Locally advanced . . involvement or occlusion
Pancreatic body/tail:

Solid tumor contact of > 180° with the SMA or CA

Solid tumor contact with the CA and aortic involvement
Adapted from National Comprehensive Cancer Network. NCCN Clinical Practive Guideline in Oncology (NCCN Guidelines®): Pancreatic adeno-
carcinoma, version 1.2021. Available at. https://www.nccn.org/store/login/login.aspx?ReturnURL=https://www.nccn.org/professionals/physi-
cian_gls/pdf/pancreatic.pdf (6).
CA = celiac axis, CHA = common hepatic artery, GDA = gastroduodenal artery, IVC = inferior vena cava, PV = portal vein, SMA = superior mesen-
teric artery, SMV = superior mesenteric vein

(can be due to tumor or bland thrombus)
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NCCN 7ol=2kel2 B oF ¥t} gl abutments FA| 702 ER751 31 AHHPBA/SSAT/
SSO 7ho|=gfele o] & AAEAY o= BRI} IAP 9 2 7lo|=akele uf o] Ao]
A7Fo] st Er} of2 = 2P A o] o PHal 7]sskal ok

AR 2= BAEA Y Heole 7] BE 3 & 7)ol weh =4 485k

&3} xltHo| oy}
71540 2 CHA, CA, SMA % thg o] #s}e] 22} 5717} o 2of o ahh(Fig, 4A). 2174 A

.
B} mjRglo] the e Eule Pslx 9 ulAHE N (splenic artery)th Y 9 )%
o) W A7 7hsshe R o= HA| 7hs A W7lo] Feke vlalA] ekerh. GDAS] 71X U

71A]
2 AAI 3/44E Lo CHASF Z2JsliHl7] 07| wiZoll CHA YW} 242 SHo=
ok IRPIAI R CAS] ti a9 Z7|A 7 e 7495 ohsH ol &Rt NCON 7ol =2fel
oA A QFeh= BAPEAI T =4 aYde] 712 S Q0F5} Table 32+ 2t

Foje] 3k Bl

Fig. 4. Usual arterial anatomy and variations in CT angiography.

A-C. Usual anatomy of CA (A), replaced right hepatic artery (arrow) from the SMA (B), and (C) common celiaco-mesenteric (CA-SMA) trunk (ar-
rowhead).

CA = celiac artery, SMA= superlor mesenteric artery
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Fig. 5. Hepatic artery invasion in CT.

A. Pancreatic head cancer (asterisk) encases the common and left hepatic artery (arrows).

B. The celiac artery is also encased by cancer (white arrow). Replaced right hepatic artery from the superior
mesenteric artery is intact (black arrow).
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o e
=)
e
o2
;
)
10
e
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2
)
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H 4 QU o] a2 Al = 7} 912 7 ER/= SMA 14 o] A1 53 (pancre-
atoduodenal arcade)®] ¢-2]=2& Sl L%|7] wiizol, GDA, 2575 (proper hepatic ar-
tery) % 2H-9HE o] Pt Qlxlok SMA 7] A|Rol sk 2ol gleAlE Belstolof g,
CA9] ZIAIR7IA] A Rsto] T ol A £2jsto] dAs}7] o2l 73+ DP-CARS] -850l
A =t
78 gto] Ho] 2 CAY SMAL] 7|A[ o] o] Qe B¢ & Aol 9 Fe= vt
EA| 7E]ofof gt} o] Hejof|A 71 &5t sijRek4] Hol=
™, o] 2|0l = replaced or accessory left hepatic artery, common celiaco-mesenteric (CA-SMA)
trunk, common hepatico-mesenteric (CHA-SMA) trunk®] o 5-2 2RIt }H(Fig. 4B, C).
Ao YIS nlAl= F8 92 Pyt SMVolt) o] 52 7|24 02 Hio] ojiEate
e A B A Al A AH(EA] 7Fs E2 FAEAN). 2Ru S E2 UiR
o] Fxdo] o 21 - AIsh= 3¢ Azdo] ofH7] wiEel EA| 7oz B st

replaced right hepatic artery©]

ZJl (inferior vena cava)®t S| abutment”} = 74-% NCCN 7to| =112 AAIAA/do 2
Rttt
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Eﬂd A 7Hs, AAEAG 2 =4 W34 ZH ] oA RO AAE&0] 242} 73%, 55%, 2 16% %
th37). 2 W] abutment’}t = H-F(NCCN oA EA| 7Hedo 2 B5), ula} abut-
ment7} = FAtol] B]5l RO AA|8-0] WRITHE9% vs. 80%). B HAHS 7|02 3 HA| 7Hes
o

El

=)

’d 7} olQlo = %u =7](>4 cm)7FR1 A2t fojn] gt ko] AU
A 7Hs3 S HTEr A} 7ke] U] (interobserver agreements)oﬂ thalod A= A= A

HHEl At Axprt ELEM At & A= NCON 7kl E2felg- o] 851312 wf w-azke] ZJ 7ol

/gkglo] &2 (very strong agreement, intraclass correlation coefficient = 0.82) 52| 2=t

L] E Helrkal B gl oLk(38), T2 ATtof|Al= S7Hmoderate, k = 0.48) 5~F2] W22} 7t

Y5 HaL, Fdol B F/defst ik 2te) AX =7t B #QktHi = 0.55 (95% Al=]+1t
50~0.60) vs. 0.43 (95% 1] 77+ 0.38~0.49)] (39).

)

FFA QI Ao A AAIE Aloll HolAd 2 A

(hepatoduodenal ligament) 3 SMA2] 9-=29] Pz Ho| g7 AA|Hct & & ALES
WH37] 915te] CA B spgtatsd Z|A1R A7t 9] g 2dbohs S T e Al s (ex-
tended lymphadenectomy)°] A== Qich T2{i; AJZ&of o] 50| glom EZu AFYE-L
S7Fot7] wlZell(41), dA A 34 Q1 i aA|e2 HFE A §=THe).

F/de] Weol= E7okl, & M GAolM d=d Holg Brkshs 212 oHs] aAZE AU
o 184 0 2 CTolA &% 274o] 10-mm °o)/del H=dS oz Bushy] whzol 22
A ol & Xehs}7] ol 2H(Fig. 6), ] 74 Aehe] RIZHE = 14~2206, £0]&+= 57~85%0°|C}
2, 43). Positron emission tomography/computed tomography (°]5} PET/CT)= H X4 o]
Zekshe Wz eel Eo] =7} 242} 61~89% 9 79.3~100%2 CTol| B|aH $-<=51tH44, 45). PET/
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Fig. 6. Margin-negative resection of borderline resectable pancreatic head cancer with aortocaval lymph node metastasis.

A, B. Axial (A) and coronal (B) images of CT show encasement of the gastroduodenal artery (arrows) by the pancreatic head cancer sparing
the common hepatic artery.

C. An oval lymph node (long arrow) with a diameter of 9-mm is seen in aortocaval space.

Fig. 7. Added-value of MRI for the detection of liver metastasis.

A-F. There is no evidence of hepatic lesion in CT (A). In MR, arterial (B) and delayed phase (C) images show a rim-enhancing hepatic lesion at
segment 8 of the liver. It shows hyperintensity in T2-weighted images (D), hypointensity in the hepatobiliary phase (E), and diffusion restric-
tion (F).
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sl 2ol P asirt. 1k Hol9] 7= MRIZF CTETE 945 A& Hltk(Figs. 2, 7).
Diffusion-weighted imagingZ Z3F5h= 7+ MRI (M| Z @] Z9A])S o] 851 CTollA 7t B
o] Ho|#] gh= #hAke] ©F 1.5~10.2%0114 It Zo]7F EAE QUL 46). =3 CTollA] Zlo] of 57}
2R 2 HHo] Sl FAPE MRIE Al@d 739 2F 10.5~13.6%(M| 2 9] ZFA)ollA 32%
(A Eo] 29|, gadolinium ethoxybenzyl diethylene-triamine pentaacetic acid; Gd-
EOB-DTPA)7} Ho] 2 k=] lth(46, 47). MRI= £5] 22 BRI (< 1 cm)ollA] =-&0] Hrh46).
el 2A0] EH FAAQ FoS HolAl= &Y MRIQ] 7 Ho| Xthe] vizte
[8596(95% AlZ| 717t 74~92)]x= CT [75 (95% Al =] 77 55~94)| B} =41, & AHAfe] Eo|k= 2

Sk 21017} A ATHI8%(95% Al =] FL7F 78~100)] vs. 94%(95% A1 2] 7t 84~100)] (48).

B} Hol= Fa F), B0t Ae] BHAH AU A, T BAE FUSL} Syl

[
A] oHe Buke] A v 502 A HFg. 8). el 55, Fe] 25 9135 (motion arti-
A

fact), ZATe] S QA7 H9]o] iPOli Oﬁ}@l CT7} 8} 7ol 2] Kol MRIE T 943t 4]

| 0|
FPgarol Mz AgHE BajollA b 70|12 uiHlsl) Slato] R XA S FH CTS B9
% Qlek. 7] Ao §F PARE BAH 02 Algslof shevlol il Ztol=etelntt A

AFgtol] ko] 7} Qlth. Bl= NCCN 7ho] =2}R13t = National Institute for Health and Care Ex-
cellence 7to] =a}Ql, TefA ho| =Rl FH CTE 7|2 W7| A7 AARR 43k, 52, 53).
American Society of Clinical Oncology 7Fo] =212 %72 0 & 2] 7Hs-3H(potentially cur-
able) 22}9] 749 FH XAE& AT 4= Aokl ANSI o™, =4 AA|7F E7FsshA Y %ol 7}
= dfoll= &5 CTE HEEA] Aldgstojof ghofal Ha1sttk(1e, 54). o] FAllol Tdstois=
49| AqEo

)

& =0 A=A Aol 1 GA| thE 3ol 1o glo] Rt 3 Xol7) e
= 7395 3.3%ATHEE). A o8 A 7hs F2 AAEAG 9 &5 CTolA = Ho] 5

Fig. 8. Pancreatic tail cancer with peritoneal metastasis in CT.

A, B. Pancreatic tail cancer (asterisk) encases the celiac axis (black arrow) and superior mesenteric artery (white arrow). A small amount of
perihepatic ascites is noted (arrowheads).

C. The peritoneal metastatic nodule is seen in the rectovesical pouch (long arrow).
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