ROLE OF PET-CT IN ASSESMENT OF
COLORECTAL CANCER

Thesis
Submitted for Partial Fulfillment of the Master
degree in Radiodiagnosis

By
Ahmed Mohamed Rabie Mahmoud
M.B.B.CH

Supervisors
Prof.Dr.Waleed Mohamed Abd-Elhamid Hetta

Professor of Radiodiagnosis
Faculty of Medicine - Ain Shams University

Dr. Ahmed Hassan Soliman
Lecturer of Radiodiagnosis
Faculty of Medicine - Ain Shams University

Faculty of Medicine
Ain Shams University
2018






Acknowledgment

First and foremost, I feel always indebted to ALLAH,
the Most Kind and Most Merciful.

I'd like to express my respectful thanks and profound
gratitude to Prof. Dr. Waleed Mohamed Abd-

lhamid FOetta, Professor of Radiodiagnosis Faculty of

Medicine - Ain Shams University for his keen guidance, kind
supervision, valuable advice and continuous encouragement,

which made possible the completion of this work.

I am also delighted to express my deepest gratitude and
thanks to Dr. Aluned FOassan Soliman, Lecturer of

Radiodiagnosis Faculty of Medicine - Ain Shams University,
for his kind care, continuous supervision, valuable
instructions, constant help and great assistance throughout

this work.

HAbmed Mohamed Ralbie Makmoud



List of “Contents

Title Page No.
List of Abbreviations ... 5
List of Tables ..o 7
List of FigUIes ..c.ooiiiiiiee e 8
ADSETACE .o.vviecccee e 13
INtroduction ........cccoooiiiiiii e 1
Aim of the WorK ... 15
Review of Literature
*  Colorectal ANatomy ..........ccccovviiiiiiiniiiiiieee e 16
= Pathology of Colon Cancer ..........c.ccoceovriniinieninniicieeee, 32
» Technique of PET-CT ..., 37
Patients and Methods ... 60
ReESUIES i 65
THUSErative Cases ......cccovveviiiiiicieice e 70
DiSCUSSION ...veeviiciieeee ettt nnes 90
Summary & Conclusion .........cccceveieiiiiiiiisieiee e, 94
References ... 96

Arabic SUMmMArY ......coooeeiiiiiiieeeeeeeeeeeeeeeee e, —



CIntroduction &

Abb. Full ferm

S 3 JS Positron

18F-FDG......... 18Fluorine-Fluorodeoxy Glucose
AC ...cveeeivvnnnnnn Attenuation Correction
BAT................. Brown Adipos Tissue
CEA................. Carcinoembryonic Antigen
CRC................. Colorectal Cancer
CT....auueeeeannenn Computed Tomography
DAS........cccuuuee. Digital Acquisition System
FN....uuueeeenee. False Negative

FP.........uu.eu..... False Positive

HU .................. Hounsfield units
IBM................. International Business Machines

Corporation Statistical Package for the
Social Sciences

IMV ......ceueeeeneen Inferior Mesentric Vein

LNs ....ccuueenneee. Lymph Nodes

LOR................ Line of Response

771 61 ZRAUTN Millicurie

MIP................ Maximum Intensity Projection
Novrerernniennannnns Neutron

NPV ...uuueevvennenn Negative Predictive Value

) 2O Proton

PET ............... Positron Emission Tomography
PPV....uuievvann. Positive Predictive Value

PT ....cuuveuevnnnns Primary Tumor
SPSS..cccuvuiieens

SUV...ceevvuunnnee Standardized Uptake Value

5



CIntroduction &

List of Aldreviations (eout...

Abb. Full ferm

TN .ccuueevvniernnnnne True Negative

TNM................ Tumor Node Metastasis

TP ......cuueeeuneene True Positive

vicc............... Union of International Cancer Control
WHO............... World Health Organization




CIntroduction &

List of Galles

Table No. Title Page No.

Table (1): Patient characteristiCs. .....cccvvvoooiee e, 65

Table (2): Regions of local recurrences or metastases
proved by reference modalities. .........c..ccccceviiiiinennnns 66

Table (3): Regions of local recurrences or metastases as
detected by PET/CT. ... 67

Table (4): Agreement of PET-CT with the reference
modalities in detection of post therapeutic colon
cancer recurrence and metastasis. ..........ccocceevriviennnn, 68

Table (5): Diagnostic performance of PET/CT by regional
lesions based analysis. .......c.ccooviiiiiniiiennic 69




CIntroduction &

Fig. No.

Fig. (1):
Fig. (2):
Fig. (3):

Fig. (4):

Fig. (5):
Fig. (6):

Fig. (7):

Fig. (8):

Fig. (9):
Fig. (10):

Fig. (11):

Fig. (12):

Fig. (13):

Fig. (14):

Title Page No.
Anatomy and relations of colonic segments............ 16
The extension and relations of the cecum ................... 17

(a) the extension of the ascending colon
(green coded) between the cecum and the
hepatic flexure (b) the relation of the
ascending Colon ..........ccocevviiiiiiiinc e 18
The extension of the transverse colon (green
coded) between both hepatic and splenic

FleXUTE ..o 19
Sagittal right paramedian diagram showing
transverse mesocolon and its extension................... 20
The extension of the descending colon (green
coded) between the splenic and sigmoid colon........ 21

(a) the extension of the sigmoid colon
between the descending colon and rectum
(green coded), (b) the sigmoid mesocolon and

the inter sigmoid recess.......cocoovvvveiiieniicise e 22
(a) Rectal relations in both female and (b)

mMale PelVIS ..o 23
Diagram of the abdominal LNs.......c..ccccooiiiiiiiinnn 24
Distal aorta and its branches supplying the colon......... 26
Veins draining different colonic segments.............. 27

Lesser curvature (light blue), hepatic artery
(blue), greater curvature (green), peri-colic
(pink), middle colic (red) lymph nodes and
transverse colon (blue arrow)............ccocooevveiivnivienienen, 28
Greater curvature (blue), right gastric (red),
right colic (yellow) lymph nodes, and hepatic
flexure (red arroOW) .......ooooo oo, 28
Gastro duodenal (green), pericolic (pink)
superior mesenteric (light blue), inter
aortocaval (yellow), right gastroepiploic (red)
lymph nodes and descending colon (blue arrow)........ 28

8



CIntroduction &

List % CJM' (Cout...)

Fig. No. Title Page No.

Fig. (15): Lateral aortic (yellow), retro caval (green)
inter aortocaval (light blue), juxta intestinal
(red) pericolic (pink), left colic (dark blue)
lymph nodes and ascending colon (red arrow)........ 28
Fig. (16): CT angiography with volume rendered
reconstructions of the abdominal aorta and

its branches ..o, 29
Fig. (17): CT venogram with maximum intensity

projection (MIP) of the visceral veins....................... 30
Fig. (18): A schematic illustration of a PET/CT system

and a real unit...........ccocoiiniiii 37
Fig. (19): A schematic illustration of the annihilation

of a positron and an electron in the medium.......... 40

Fig. (20): Illustrations of true (top, left), random (top,
right), scatter (bottom, left) and multiple
(bottom, right) coincidences.............c.cccceecvrvrvivenennne. 42
Fig. (21): Two 511-keV photons detected by two
detectors after passing through two different
tissue thicknesses, a and b. The sum of a and

bisequal to D ..o 43
Fig. (22): Difference between attenuated and non-

attenuated IMages.........cccocvviiiiiiiieic e 45
Fig. (23): Basic system components of the CT scanner-.......... 46

Fig. (24): Same patient with two different blood
glucose levels at the time of injection of
TAIOETACET ..o 48

Fig. (25): Extensive skeletal muscle and cardiac 18F-

FDG uptake, the patient performed
strenuous exercises in the two days before

PET-CT SCAN ....cooviiiiiiece e 49
Fig. (26): Intestinal 18F-FDG uptake as an effect of
Metformin.........cccovevviieiieiece e 50




CIntroduction &

List % CJM' (Cout...)

Fig. No. Title Page No.

Fig. (27): Bilateral radiotracer activity (arrows) within
the (BAT) in cervical and supra clavicular

T =a 10} 4 1< FO OSSO U U U U VRS PROPO 51
Fig. (28): Bilateral radiotracer activity in the breast of
breastfeeding women...........cccoceveriiiiiininiceen, 53

Fig. (29): Patient with granulomatous disease showing
avid FDG uptake in mediastinal lymph
0101 L= TSRS 53
Fig. (30): (a) Lead syringe shield (b) all formulations
and handling of FDG are carried out behind
the (L-block) lead barrier shield ...............ccccoevnnen. 54
Fig. (31): Chart showing the percentage of true
positive (Sensitivity) and true negative
(Specificity) of PET- CT in relation to the
reference modalities in the detection of post
therapeutic cancer colon recurrence and
MELASTASIS. .ooviiiiiiiieieie e 69
Fig. (32): Axial fused PET -CT image showing no
metabolically active lesions noted in the

operative bed. ..., 70
Fig. (33): Axial fused PET-CT image showing left iliac
metabolically active LNs (arrow).........ccccccoevevvinennen. 71

Fig. (34): Axial PET attenuated corrected image and
axial fused PET -CT image before
radiofrequency ablation of right upper lobe
metabolically active nodule...........c..cccoecvnviiiiiinnnn, 72
Fig. (35): Axial PET attenuated corrected image and
axial fused PET —-CT image immediately
after radiofrequency ablation of right upper
lobe metabolically active nodule leaving a
Photopenic area...........ccocoveiiiiiiiiies e, 73

10



CIntroduction &

List % CJM' (Cout...)

Fig. No. Title Page No.

Fig. (36): Axial PET-CT fused image showing left
hepatic lobe metabolically active focal lesion ......... 73

Fig. (37): Axial fused PET -CT images at showing
metabolically active hepatic focal lesions................ 75

Fig. (38): Axial fused PET -CT image showing
corresponding metabolic activity in the base
line PET-CT ......cccoooviiiieccee e 76
Fig. (39): (a,b) axial fused PET-CT images showing no
metabolically active hepatic focal lesions, (c)
axial fused PET-CT image showing no

anastomotic site metabolic activity...........ccooevrennne. 77
Fig. (40): The pulmonary nodule showing metabolic

activity in axial PET-CT fused image ..........c.......... 79
Fig. (41): Axial PET-CT image showing right hepatic

metabolically active focal lesion.............c.cccvevennenn, 79
Fig. (42): LN appears metabolically active in axial

fused PET- CT image ........ccoceoviiiiniiniiiesc e 80
Fig. (43): Axial fused PET —CT showing avid metabolic

activity of this lesion .........ccccooeviiiiiiiii 80

Fig. (44): Axial fused PET -CT image showing
metabolically active lesion destroying the
vertebral body of C2 as well as avid right deep
cervical LIN........cccooiiiiii e 81

Fig. (45): Axial fused PET -CT image showing
metabolic activity within the lesion of the
spinous process of the second Ilumbar
VErtebTa ..o 81

Fig. (46): (a),(b) and (c) axial fused PET- CT images
showing metabolically active LNs and
PUlMONATY MASSES ...cvoveveiiicieeieeieie e 82

11



CIntroduction &

List % CJM' (Cout...)

Fig. No. Title Page No.
Fig. (47): Axial fused PET- CT showing the right iliac
bone metabolically active lesion ...........c.cccovevnvennnnne. 82
Fig. (48): Axial fused PET-CT showing no masses or
evidence of local recurrence. ..........c.ccccceeovvivriviicinnnnn, 82

Fig. (49): (a)and(b) axial fused PET- CT images
showing no avid metabolic hepatic focal

LESIOMIS ..o 84
Fig. (50): Axial fused PET-CT images showing no avid

metabolic hepatic focal lesions..........c.cccceevvrvivennnnnn, 85
Fig. (51): Axial fused PET —CT image showing avid

metabolic activity at the operative bed.................... 86
Fig. (62): Axial fused PET -CT image showing

metabolically active hepatic focal lesions................ 87
Fig. (63): This LN appears metabolically active in

axial fused PET- CT image ........cc.ccocevveneienenenennn, 87
Fig. (54): Axial fused PET- CT images showing avid

metabolic hepatic focal lesions............ccccoevvrivivennnenn, 89

12



CIntroduction &

Abstract

Purpose: The goal of this study is to elucidate the role of 18-
FDG PET-CT in assessment of colo-rectal cancer

Methods: Twenty five patients with histopathologically proven
colorectal primary malignancy were evaluated for suspected
local recurrence and metastasis using PET/CT. No age
predilection and both sexes were included, Clinical
information, image follow-up, tumour markers, and
pathological reports of the patients were reviewed for gold
standard

Results: The final diagnosis of distant metastasis and/or local
recurrence in post- therapeutic cancer colon was evident in 70%
of our patient population with PET /CT sensitivity of 95.6%,
specificity of 91.4%, (NPV) of 88.9%, (PPV) of 96.7%, and
diagnostic efficacy of 94.4% and CT sensitivity of 62.6%,
specificity of 48.6, (NPV) of 33.3% (PPV) of 76.0%, and
diagnostic efficacy of 58%

Conclusion: PET/CT is a better method to evaluate colorectal
cancer patients with significantly higher specificity and
sensitivity.

Keywords: Colorectal cancer assessment 18-FDGPET
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INTRODUCTION

C/olorectal cancer is a major cause of morbidity and mortality
\_J throughout the world. It accounts for over 9% of all cancer
incidence. It is the third most common cancer worldwide and the
fourth most common cause of death. It affects men and women
almost equally (Fatima and Robin, 2009).

Despite optimal primary treatment, with adequate surgery
with or without adjuvant chemotherapy, 30%-50% of patients with
colon cancer will relapse and die of their disease. CT is considered
the primary method of investigation because of its low cost,
widespread availability, and high-resolution of anatomic details, but
may under-estimate the actual tumor burden by overlooking small
tumor clusters in areas of distorted anatomy after treatment
(Israel and Kuten, 2007).

Cancer-related metabolic abnormalities usually precede
structural changes and are readily detected by PET. PET is a
highly sensitive imaging test in detection colorectal cancer
(Israel et al., 2004).

Accurate imaging of patients with colorectal cancer
(CRC) is wital, usually performed with carcinoembryonic
antigen (CEA) level, computerized tomography (CT) and other
conventional imaging techniques

but in the last few years, functional imaging using
integrated positron emission tomography and CT (PET/CT) is
being used increasingly to identify recurrent disease (Mittal et
al., 2011).
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AIM OF THE WORK

The goal of this study is to elucidate the role of
18F-FDG PET-CT in assessment colo-rectal cancer.
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