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Abstract

Backgroud: In Egypt, the Colorectal cancer is considered
the 7th commonest cancer, local recurrence, distant metastasis
or both occursin 30-50% of patients after operations. Both
Computed Tomography (CT) and Positron Emission Tomog-
raphy (PET) are well established in the diagnosis of Colorectal
Cancer Recurrence (CRCR).

Aimof Sudy: In this study, we aimed to evaluate the
diagnostic performance of 18F-FDG PET/CT in postoperative
follow-up of CRC patients and the detection of local recurrence
and distant metastasis as compared with CT.

Patients and Methods: 62 post-operative patients with
colorectal carcinoma underwent whole body FDG PET/CT.
The final histopathological and formal clinical follow-up
findings were used as gold standard to determine the sensitivity
and specificity of FDG PET/CT and enhanced CT of the same
periods.

Results: The sensitivity, specificity and accuracy of
PET/CT in diagnosis of local recurrence was 92%, 91.89%
and 94.44% respectively. The sensitivity, specificity and
accuracy of contract enhanced CT in diagnosis of local recur-
rence was 72%, 89.19% and 82.5% respectively. The sensi-
tivity, specificity and accuracy of PET/CT in diagnosis of
distant metastasis was 91.12%, 81.08% and 88.64% respec-
tively. The sensitivity, specificity and accuracy of contrast
enhansed CT in diagnosis of local recurrence was 72.55%,
86.49% and 78.41% respectively.

Conclusion: In patients with suspected CRCR, FDG-
PET/CT appearsto be a significantly more accurate method
than CT alone for detection of local recurrence and distant
metastasis, FDG-PET/CT is sufficiently accurate to become
aroutine follow-up of patients after colorectal resection.
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Introduction

IN Egypt, the colorectal cancer is considered the
7th commonest cancer, with incidence 3.47% of
male cancers and 3% of female cancers. In 2015,
more than three thousands new cases were diag-
nosed as having colonic carcinoma [1].

The main lines of treatment of colorectal car-
cinomastill radical colectomy and post-operative
chemotherapy. However, local recurrence, distant
metastasis or both occurs in 30-50% of patients
after operations [2-4] . To improve survival rates,
early detection of local recurrence and/or distant
metastasis plays a pivotal role to select patients
who will benefit from surgical intervention or
chemotherapy [5].

Both Computed Tomography (CT) and Positron
Emission Tomography (PET) are well established
in the diagnosis of Colorectal Cancer Recurrence
(CRCR). CT is considered the workhorse of follow-
up in patients with colorectal cancer. Though CT
is effective in detection of metastatic deposits
especially in theliver, it showslow accuracy in
discrimination between local recurrence and post
operative changes (CT: Sensitivity of 82% and a
specificity of 50% with an accuracy of 68%) [6,7].
On the other hand, 18F-Fluorodeoxyglucose-
Positron Emission Tomography (FDG-PET) pro-
vides accurate information about glucose metabo-
lism and colorectal cancer and its recurrence are
well known to have high uptake of FDG. However
FDG-PET provide little information about the
anatomical localization and the morphology of the
lesion. So, the combined use of PET and CT would
theoretically combine the advantages of both mo-
dalities and avoid the disadvantages of each tech-
nique, and would be able to differentiate between
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the local recurrence and the changes attributable
to surgery or radiotherapy [8]. Therole of FDG
PET/CT has expanded for large number of human
solid tumors [9-12] .

In this study, we aimed to evaluate the diagnos-
tic performance of 18F-FDG PET/CT in postoper-
ative follow-up of CRC patients and the detection
of local recurrence and distant metastasis as com-
pared with CT.

Material and Methods

Patients:

We prospectively included 62 patientsin this
study from November 2013 to September 2014 in
Radiology and Oncology Departmentsin Tanta
University and Cairo University. A total number
of 62 colorectal cancer patients were included in
this study, 42 males and 20 females. The age of
the patients ranged from 17 to 73 years (mean 55.4
years). Theinclusion criteriaincluded: (1) Confir-
mation of previous CRC by pathological examina-
tion; (2) Patient's completed their treatment includ-
ing curative surgical resection and/or chemotherapy
or radiotherapy; (3) Regular clinical follow-up
including carcino-embryonic antigen detection and
regular chest and abdominal CT examination; (4)
Patients underwent FDG PET/CT examination; (5)
At least six months follow-up after the PET/CT
examination. This study was approved by the In-
stitutional Review Board at our institution. In-
formed consent was taken from every patient.

PET/CT scanning:

The patients were instructed to fast for at least
six hours, remove metallic objects and avoid ex-
hausting activities following the injection and
before the examination to avoid excessive muscle
uptake. The encouarged to empty their bladder
before the examination. Measurment of blood
glucose level was performed for all patient to
ensureit less than 150mg/dl. The timing of the
examining was adjusted to be 4-6 weeks after
surgery or chemotherapy and at |least 8 weeks after
radiotherapy tp decrease the chance of false nega-
tive and false positive results. Combined PET/CT
system (Siemens Biograph 64, Siemens Medical
Solutions, Erlangen, Germany) was used. The
patient was asked to drink at least one and half
liters of water one hour before the examination.
Also, about 45-90 minutes before the examination
the patient was injected with 10-20mCi (1ml/10kg)
18F-FDG. At first, whole body contrast enhanced
CT was perforemed and then whole body PET
study. The average duration of the study was 20-
30 minutes. The CT was performed following

injection of 1-2ml/kg of ultravist at arate of 2.5-
3.5ml/sec by automatic injector. Patients were
instructed to breath quitely.

Reconstruction: Reconstruction of the PET data
using ordered-subset expectation maximization
iterative reconstruction with four iterations and
eight subsets. Parameters were: Full width 5mm,
pixel 4.07mm, and 3mm dlices. PET datawere
corrected for decay, scatter, and random events,
and attenuation-corrected using the CT-data. CT
data were reconstructed using filtered back projec-
tion, diceincrement 1 and 2mm slices.

Image analysis:

The analysis of axial and multiplanar recon-
struction images for CT and PET was performed.
Initially, areas with abnormal focal FDG were
noted on PET images. Then CT was used to detect
the site of high FDG uptake. Also, CT was used
to detect anatomical changes, as increased colonic
wall thickness more than 3mm, pelvic masses,
enlarged lymph nodes (more than 15mm short axis
in the abdomen and more than 1 Omm in the pelvis),
bone lesions, liver metastasis, lung nodules, and
nodules in other organs.

The interpretation of integrated PET/CT was
considered positive if the area of high focal FDG
uptake corresponded to morphological abnormality
on CT. The increased uptake in the kidneys, ureters,
urinary bladder and brown fat was reported as
normal or physiological. The presence of morpho-
logical changes on CT without abnormal increase
in FDG uptake was considered benign post-
operative changes. The presence of abnormal focal
FDG uptake in normal structures without morpho-
logical changes was considered positive. The pres-
ence of lung or liver nodules <1cmon CT was
considered positive even if the FDG was normal.

In the current study we adopted both visual
interpretation and semi-quantitative analysis. The
region of interest was placed in the lesion at the
section of most radio-activity, and the maximum
standardized uptake value (SUV max) was calcu-
lated. In the early images, the diagnosis of positive
lesions was based on SUVmax >2.5. In the delayed
images, ASUVmax >20% was considered positive
(ASUVmax=SUVmax, delayed-SUVmax, early).
The diagnosis was confirmed by pathological ex-
amination after secondary operation, colonoscopy,
rectoscopy, laparoscopy and formal follow-up.

Satistical analysis:

The final diagnosis was based on either his-
topathological or cytological confirmation or at
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least six months of clinical follow-up. The True
Positive (TP), False Positive (FP), True Negative
(TN), and False Negative (FN) for PET/CT and
contrast enhanced CT findings were calculated as
compared to those of the gold standard. The sensi-
tivity, specificity, and accuracy of 18F-FDG PET/
CT and CT were calculated using standard statistical
formula. The chi-square test was used to compare
the differences between the two imaging modalities.

Results

Among the 62 patients, recurrence and/or me-
tastasis were later diagnosed in 50 patients, includ-
ing 19 local recurrences, 25 metastases, and 6
recurrence and metastases.

Patient characteristics: This study included 62
patients. Patient demographics, tumor histology,
tumor location, tumor stage, treatment details,
have been summarized in (Table 1). This study
included 42 males (76.6%) and 20 females (23.3%).
Carcinoembryonic Antigen (CEA) was elevated in
39 patients (62.9%). The anatomical location of
the primary tumor was colon in 49 patients (79%)
and rectal in 13 patients (21 %).

Table (1): Characteristics of 62 patients included in the study.
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scopic biopsy as post-operative fibrosis and one
case diagnosed as post-operative inflammatory
process and resolved by follow-up). The sensitivity,
specificity and accuracy of PET/CT in diagnosis
of local recurrence was 92%, 91.89% and 94.44%
respectively. The sensitivity, specificity and accu-
racy of contrast enhanced CT in diagnosis of local
recurrence was 72%, 89.19% and 82.5% respec-
tively (Tables 2,3).

Table (2): Comparison between lesions detection on CT and
PET images in the studied 62 patients.

No. of No. of Final results
_ lesions lesionson by pathology
Findings detectedon  PET/CT  and formal
CT images images follow-up
« No abnormal findings 14 8 12
« Local recurrence 22 26 25
« Enlarged lymph nodes 18 24 22
« Pulmonary nodules 6 7 7
* Hepatic deposits 8 9 8
* Peritoneal deposits 3 4 5
» Osseous lesions 5 7 6
« Anterior abdominal wall 2 4 3

scar tissue lesion

Table (3): Diagnostic performance of CT and PET/CT in
detection of local recurrence.

Characteristics No %

Age:

* <40years 9 145

* 40-<50 years 13 20.9

* 50-<60 years 28 45.1

*> 60 years 12 19.3

Sex:

*Male 42 67.7

* Female 20 323

Tumor location:

* Colonic 49 79

* Rectal 13 21

Histology:

» Adenocarcinoma 34 54.8

* Mucoid carcinoma 9 145

« Squamous cell carcinoma 12 19.3

« Undifferentiated carcinoma 7 11.3

CEA before PET/CT:

* Elevated 45 725

* Normal 17 275

Treatment received:

« Surgery and adjuvant chemotherapy 31 50.0

« Surgery and radiotherapy 10 16.1

 Surgery and adjuvant chemotherapy and 11 17.7
radiotherapy

« Surgery only 10 16.1

TP FN TN FP
18 7 33 4
Contrast e e
enhanced Sengitivity Specificity PPV NPV
cT 72.00% 89.19% 81.82%  82.50%
Overall accuracy: 82.26%
TP FN TN FP
23 2 34 3
Sensitivity Specificity PPV NPV
PET/CT
92.00% 91.89% 88.46% 94.44%

Overall accuracy: 91.94%

Performance of contrast enhanced CT and PET/CT;

In the current study, 25 patients with local
recurrence. PET/CT correctly diagnosed 23 patients
(2 false negative patients), and there was three
false positive cases (two cases diagnosed by endo-

TP : True Positive.
FN : False Negative.

TN: True Negative.
FP : False Positive.

Fifty one metastasis was found in 31 patients
in the current study: PET/CT correctly diagnosed
48 cases (true positives), while contrast enhanced
CT diagnosed only 37 cases. There was seven false
positive cases on PET/CT. The diagnosis was
confirmed by pathological examination or formal
follow-up: Hepatic abscess (1 case), lymphadenitis
(3 cases), pathological fracture (1 case), spondylo-
discitis (1 case) and pneumonia (1 case). The
sensitivity, specificity and accuracy of PET/CT in
diagnosis of distant metastasis was 91.12%, 81.08%
and 88.64% respectively. The sensitivity, specificity
and accuracy of contrast enhanced CT in diagnosis
of distant metastasis was 72.55%, 86.49% and
78.41% respectively (Tables 2,4). We have three
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false negative results on PET/CT in detection of
distant metastasis, one case with military metastasis
in theliver, one case with sclerotic bone lesion
and one case with lung nodule, all casesfailed to
show any pathological uptake of FDG.

Table (4): Diagnostic performance of CT and PET/CT in
detection of metastasis (at all sites, no of metastases
61 in 39 patients).

TP FN TN FP
37 14 32 5
Contrast Sensitivity ~ Specificity PPV NPV
enhanced
CT 72.55% 86.49% 88.10% 69.57%
Overall accuracy: 78.41%
TP FN TN FP
48 3 30 7
Sensitivity Specificity PPV NPV
PET/CT
94.12% 81.08% 87.27% 90.91%

Overall accuracy: 88.64%

TP : True Positive.
FN : False Negative.

TN: True Negative.
FP : False Positive.

The distribution of FDG lesions assessed as
positive for recurrent CRC is shown in (Table 5).
Most PET/CT positive lesions have SUVmax >4.1 |.
In comparison to other regions, pulmonary lesions
were frequently small with half of them with

A B

SUVmax <4.1. The height mean SUVmax was
found in the hepatic lesions.

Carcino-embryonic antigen:

The carcino-emryonic antigen was found to be
elevated in 45 patients. The elevated CEA asa
predictor of recurrent colonic carcinoma and/or
metastasis has a sensitivity 82.22%, specificity
52.94%, PPV 82.22%, NPV 52.94% and accuracy
71.84%.

Table (5): Distribution of SUVmax assessed as positive for
recurrent CRC on PET/CT.

Local Lymph

recurrence  nodes Hepatic Pulmonary  Others

« SUVmax 8.1 85 9.2 6.4 14.2
(range) (3.1-17.5) (3.2-18.7) (5.2-195) (2.3-9.8) (3.7-18.8)
0-2 0 0 0 0 0
2.1-4 1 8 2 3 2
>4.1 12 13 6 3 15

Table (6): The sensitivity, specificity, PPV and NPV value of
carcino-embryonic antigen.

TP FN TN FP
37 8 9 8
Sensitivity Specificity PPV NPV
CEA
82.22% 52.94% 82.22% 52.94%

Overall accuracy: 74.19%

Fig. (1): Sixty-oneyear old male
patient, pathologically proven to have
rectal carcinoma, underwent tumor re-
section and colostomy, received chem-
otherapy and radiotherapy ended 1 year
before this study (A) Contrast enhanced
CT showing irregular shaped pre-sacral
enhancing soft tissue mass measuring
3 X 2cm. (B,C,D) Thelesion incorpo-
rating a central metabolically active
FDG avid area with maximum SUV
(SUVmax) ~11.4. The lesion proved
to be local metastasis.
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Fig. (2): Seventy-four year
old female patient, pathological-
ly proven to have rectal carcino-
ma, underwent surgical resec-
tion 3 years ago and recievied
chemotherapy and radiotherapy.
(A) Contrast enhanced CT re-
veals marked irregular wall
thickening at site of the
anastmosis. (B,C) Metabolically
active rectal wall is seen evident
local recurrence SUVmax ~19
(D) Metabolically-active pulmo-
nary nodule seen at the posterior
segment of the left lower lung
lobe measuring about 1.7cm in
diameter with SUVmax ~16.

Fig. (3): Forty-two year old male
patient, pathologically proven to have
cancer colon, underwent hemicolec-
tomy, received chemotherapy and
radiotherapy ended 2 years before
this study (A) Contrast enhanced CT
showing irregular shaped soft tissue
mass with calcification, and no sig-
nificant enhancement, and was report-
ed as post-operative fibrosis. (B,C,D)
The lesion appears metabolically
active with maximum SUV (SUV -
max) ~3.6. The lesion proved to be
local recurrence.
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Fig. (4): Forty-eight year old female patient, pathologically proven to have sigmoid colon carcinoma, underwent
surgical resection, followed by multiple cycles of radiotherapy ended 2 month before this study (A) Contrast
enhanced CT showing irregular shaped soft tissue mass at the site of the scar, (B) PET/CT revealed metabolically
active lesion confirming scar tissue/ parietal wall metastasis.

Fig. (5): Enlarged liver with metabolically-
active FDG avid focal intra-hepatic deposit is
seen in right hepatic lobe (segment V1) meas-
ures about 3 X 2.5cm inits length and width
Fig. (A) with SUVmax ~9 Fig. (B,C). No
metabolically active FDG lesion that account
for loco-regional recurrence or other distant
deposits could be detected.
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A B
C D
E F

Fig. (6): Multiple enlarged metabolically active lymph nodes in different partients. A, B: Left lower deep cervical
lymph node; C, D: Pretracheal lymph nodes; E, F: Enlarged metastatic retroperitoneal lymph nodes.

Fig. (7): Multiple variable sized metastatic lung nodul es scattered in both lungs, appear metabolically active on
FDG-PET/CT.
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Discussion

The differentiation between post-operative
benign changes and the true local recurrenceis
challenging and difficult task [8] . Previous studies
indicated the diagnostic value of CT, MRI [13-15]
and FDG-PET [16-18] in diagnosis of primary CRC
and its post therapy recurrence. Relatively recently
multiple studies have stressed role of FDG PET/CT
as an integrated modality in the evaluation of
CRCR [19-22] and can change the stage of 10-65%
of post-operative patients [8,23,24] . Patel et al., [25]
in a systematic review evaluating the role of PET/
CT found no sufficient evidence of the use of
PET/CT inroutine follow-up in patients with CRC.
Ontheother hand Lu et al., [26] in areview of
eleven studies, found that 18F-FDG PET and PET/
CT were valuable in the follow-up of patients of
elevated CEA and suspected disease recurrence.
Also, Sanli et al., [27] observed that whatever the
CEA levels, 18FFDG PET/CT 4till can detect rectd
or colonic tumor recurrence. The same conclusion
was shown by Ozkan et al., in a study included 76
patients [2g] . In the current study, PET/CT had a
sensitivity 92%, specificity 91.89%, PPV 88.46%,
NPV 94.44% and overall accuracy 91.94% in
detection of CRCR. We had three false positive
cases and two false negative cases. The false pos-
itive cases were attributed to inflammatory proc-
esses at site of surgery. The false negative cases
were recurrent mucinous adenocarcinoma which
is know to be low FDG avid tumor. The PET/CT
had considerably higher sensitivity and specificity
than contrast enhanced CT, similar to results of
votrobuvaet al., [8] and Han et al., [29]. PET/CT
combines the advantages of functional imaging
and morphological imaging. The PET portion pro-
vides the useful functional information, which
should be earlier than morphologica changes. The
CT element provides the important anatomical and
morphological resolution. In addition, if thein-
creased glucose utilization is due to post-operative
changes, the CT morphology can suggest the correct
diagnosis [g].

On PET/CT the false positive results may be
due to post therapy inflammatory processes or
granulation tissue and might be due to physiological
causes, on the other hand the fal se negative results
may be due to small lesions with few malignant
cells and non detectable with FDG-PET [30,31] .
Regarding metastatic deposits, including lymphad-
enopathy, PET/CT had seven false positive cases
and three fal se negative cases, the overall accuracy
of the PET CT in detection of metastasisis 88.64%.
PET/CT isobviously superior over CT in detection
of metastasis including lymph node metastasis,

hepatic, pulmonary, ossesous and/or peritoneal
dissemination. In the current study, the overall
accuracy of CT was 78.41% in detection of distant
metastasis. This means that FDG-PET/CT may
provide chances to select suitable patients for
surgical resection and unnecessary surgery would
be avoided [32,33].

Serum CEA isatumor marker used for detection
of recurrent tumors and monitoring the therapy in
CRC patients. In the current study, the CEA had
sensitivity 82.22%, specificity 52.94%, PPV
82.22%, NPV 52.94% and accuracy 71.84. CEA
is a conventional method in post-operative follow-
up, but when a high serum level of CEA is encoun-
tered, the, imaging will be necessary to detect the
site of possible recurrence or metastasis. Also,
CEA has some pitfalls, like CEA levels may in-
crease in smokers, in patients with inflammatory
bowel disease, pancreatitis, liver disease and in
patients with epithelial tumors at other sites. On
the other hand a normal CEA level also does not
rule out tumor recurrence [34].

One limitation of the study deserve mention.
Pathological confirmation was not performed in
al cases, depending on the assumption that regular
follow-up may be sufficient in some cases.

Conclusion:

In patients with suspected CRCR, FDG-PET/CT
is significantly more accurate than CT alone for
detection of local recurrence and distant metastasis.
FDG-PET/CT is adequately discriminating to be-
come a standard follow-up of patients after color-
ectal cancer resection.
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