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Abstract

Background: Colorectal cancer (CRC) is the third most common cancer in the world. It is
estimated that up to 40% of patients will present with recurrence after surgical resection of
the primary tumor; often within the first few years after initial surgical resection.
Objective: The present study is aiming at emphasizing the role and value of 18FDG PET/CT
in detection of colorectal cancer local, regional and/or distant metastatic disease recurrence
as well as in follow up of patients with treated colorectal cancer.

Patients and Methods: This is a prospective study included 50 patients who were operated
for colorectal neoplasm. The patients were investigated radiologically by means of 18F-
FDG PET/CT for detection of recurrence.

Results: As regard site of recurrence, liver was the most common site for recurrence (34%),
followed by peritoneum (24%), then lungs (16%). Multiple metastases were found in the
liver, lungs, and —to less extent — bone. Local recurrence was found in 14/50 patients (28%)
and regional lymph node recurrences was observed in 17 patients (34%). ROC curve
analysis for PET/CT indicated that area under the curve was 0852, PPV was 86%, NPV was
47%, with 98% sensitivity, 92% specificity, and 96% accuracy (P <0.001).

Conclusion: It was concluded that 18F-FDG PET/CT is a good predictor of recurrence in
colorectal cancer patients performed primary surgery. This imaging modality gives 98%
sensitivity, 92% specificity, and 96% accuracy.
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Introduction

Colorectal cancer (CRC) is the third most common cancer in the world. It is estimated that up to 40% of
patients will present with recurrence after surgical resection of the primary tumor; often within the first few

years after initial surgical resection (1).

The current post-resection surveillance strategies involve physical examination, laboratory, endoscopy and
imaging studies. Ultimately, the goal is to detect recurrent disease at the earliest possible instance, when it

is potentially still curable with additional treatment (2).

Radiological imaging plays a major role for both early detection and differentiation of recurrent disease

from benign findings, such as post-operative changes (3).

FDG PET/CT has been reported to have a very high sensitivity and specificity in the detection of CRC
recurrence as it takes advantage the high rate of glycolysis in malignant tumor cells (PET), as well as precise

anatomic correlation (CT) (4).

PET/CT has been shown to be superior to other conventional imaging modalities in evaluating for
recurrence of CRC in patients with rising CEA and has been also useful in detecting recurrence in patients

with normal or low CEA values but with suspicious clinical symptoms or radiological findings (5).

The present study is aiming at emphasizing the role and value of 18FDG PET/CT in detection of colorectal
cancer local, regional and/or distant metastatic disease recurrence as well as in follow up of patients with
treated colorectal cancer.

Patients and Methods

This is a prospective, non-controlled and non-randomized study, it is performed on 50 patients treated from

CRC. The study was performed at the period of one year, from December, 2020 to December, 2021.
The Institutional Review Board (IRB) approval was obtained from Benha University for this study.

This study’s inclusion criteria were: Adult patients of both sexes > 18 years who were under treatment of
colorectal cancer and referred for follow-up after CRC treatment. Patients had other neoplasm than
colorectal cancer and patients with blood glucose level > 150 mg/dl at the time of study as well as patients

with known hypersensitivity to anyone of the radiological materials were excluded.
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Methodology:

Complete personal and medical history were obtained, and general and local examinations were done for
each participant.

Radiological evaluation:
1. Previous x-ray reports.

2. Previous radiological modalities such as ultrasonography (US), computed tomography (CT) or magnetic

resonance imaging (MRI).

3. Previous radiotherapy.

4. PET/CT scan.

PET/CT scan protocol:

» Patients fasting for at least 6 hours before undergoing scanning.

« A standard dose of 1-1.5 mCi/kg of F-FDG was intravenously injected 45-60 min before imaging.
« Initially low dose CT was performed for attenuation correction.

« PET scanning was done immediately after the CT from skull to knees.

« This was followed by diagnostic CT using IV contrast administration.

« All data were acquired with a combined PET/CT in-line system and processed by a dedicated work station.

18F-FDG PET/CT Procedure

Whole-body images were obtained by PET/CT (Discovery VCT, GE Healthcare) in accordance with
institutional procedures. The mean dose was 379 MBq of 18F-FDG. Blood glucose levels were less 150
mg/L in all patients. The PET/CT scan was acquired approximately 60 min after tracer injection. Low-dose
CT was acquired in all patients, and diagnostic CT with intravenous iodinated contrast was performed.

Patients may receive 100 ml of lomeron® 400 mg iodine/mL, if needed (1).

Due to inconsistent reporting of maximum standardized uptake values (SUVmax) in clinical study reports,
all images were independently reviewed by two radiologists with solid experience with PET/CT. Any

discrepancy in diagnosis among the readers was solved by consensus. The readers were aware of the clinical
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history and laboratory results at referral but blinded to the original PET/CT report, clinical follow-up, and

pathology reports (1).

Classification of lesions on PET/CT was based on combined parameters from both PET and CT. The readers

did not report the diagnostic outcome for each modality separately.

Methods of Analysis

« All co-registered images were viewed with dedicated software through PET/CT work station.

* The Pre- and post-contrast CT images were assessed to detect any areas of suspected lesions.

 PET acquired images with also assessed for any areas of increased tracer fixation.

« Combined images were also be assessed for correlation of tracer fixation areas with the CT findings.

» SUVmax value was obtained for any abnormal area with increased tracer fixation as well as for the liver,

spleen and/or mediastinum as an internal organ reference for validation quantitation.
« Full history; including patient histopathology, treatment data and previous studies were reviewed.

« PET/CT results were compared with histopathology and/or tumor markers to determine the diagnostic

value of the PET/CT in detection of loco-regional or distant metastatic recurrence.

Statistical analysis

Statistical analyses were performed using SPSS v23 statistical software (SPSS, Inc, Chicago, Illinois).
Descriptive statistics (means correlation standard deviations) were calculated for quantitative variables.
Two-sided Chi-square, student-t and ANOVA test were used as appropriate for parametric data, and Mann-
Whitney U and Kruskal Wallis tests were employed for non-parametric variables. The significance level
was calculated and P <0.05 was considered statistically significant, while P >0.05 was considered

statistically non-significant.
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Results

The age of patients ranged from 23 to 77 years with mean + SD of 54.0 + 14.0 years. The study included 23
males (46%) and 27 females (54%) with a statistically non-significant (p = 0.053), table (1).

As regard treatment modality of the studied patients: previous surgery was performed for 48 patients (96%),
chemotherapy was done for 44 patients (88%), radiotherapy was performed for 11 patients (22%), all of the
radiotherapy patients received chemotherapy. Most of the vast majority of patients received more than

treatment modality (table 2).

The biomarkers done for the patients; CEA was done to 37 patients and showed positive findings in 15 of
them (30%), while CA19-9 was done to 30 patients and only 4 patients (8%) were positive of metastasis
(table 3).

As regard site of recurrence, liver was the most common site for recurrence (34%), followed by peritoneum
(24%), then lungs (16%). Multiple metastases were found in the liver, lungs, and — to less extent — bone.
Local recurrence was found in 14/50 patients (28%) and regional lymph node recurrences was observed in
17 patients (34%), table (4).

The different diagnostic modalities used in this study; Biopsy and histopathology were done for 18 patients
(36%), CT and PET/CT were done to all patients (100%), while MRI was performed in 2 patients (4%).
Biopsy showed positive findings in 17 patients (34%), CT had positive findings of 12 patients (24%) and
PET/CT showed positive findings in 29 patients (58%), while the 2 patients (4%) underwent MRI had
positive findings. Compared with histopathology; PET/CT had the most relevant technique with statistically
very highly significant difference (P <0.001), followed by CT with statistically significant difference (p
<0.01), while MRI did not show significant difference (p > 0.05), table (5).

ROC curve analysis for PET/CT indicated that area under the curve was 0852, PPV was 86%, NPV was
47%, with 98% sensitivity, 92% specificity, and 96% accuracy (P <0.001), fig. (1).

The PET/CT interpretation showed that 20 patients (40%) had one lesion, 4 (8%) had two lesions and 26
(52%) had multiple lesions. The findings were 39 (76%) were true positive cases, 8 (16%) were true
negative, 2 (4%) were false positive, only one patient (2%) was false negative. The mean SUVmax min
was 4.9 = 4.7, while SUVmax max was 13 + 8.3 (table 6).
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Table (1): Age and sex distribution of the study groups
Mean + SD Range Significance
Age (years) 54.0 £ 14.0 23 - 77
Gender Number (N) Percent (%) v>-test P value
Males 23 46.0
Females 27 54.0 0.354 0.053
v?= Chi square test, P >0.05 = non-significant.
Table (2): Treatment modalities of the studied patients.
Treatment Yes No
No. % No. %
Previous surgery 48 96.0 2 4.0
Chemotherapy 44 88.0 6 12.0
Radiotherapy 11 22.0 39 78.0
Chemotherapy + radiotherapy 11 22.0 39 78.0

Table (3): Incidence of tumor biomarkers of the studied patients

i N CEA CA19-9
Biomarker finding No. % No. %
Positive 15 30.0 4 8.0
Negative 22 44.0 26 52.0
Not done 13 26.0 20 40.0
Total 50 100 50 100

Table (4): Incidence of recurrence by PET/CT of colorectal cancer patients.

. Yes No
Metastatic site of recurrence No. % No. %

Liver 17 34.0 33 66.0
Lungs 8 16.0 42 84.0
Liver + lungs 4 8.0 46 92.0
Lungs + bone 1 2.0 49 98.0
Liver + lungs + bone 1 2.0 49 98.0
Lungs + abdominal lymph nodes 2 4.0 48 96.0
Peritoneum 12 24.0 38 76.0
Other 19 38.0 31 62.0
Local recurrence 14 28.0 36 72.0
Regional nodal recurrence 17 34.0 33 66.0
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Table (5): Follow-up diagnostic techniques for the study patients.

Techniaue Number +ve Finding -ve Finding
g No. % No. % No. %
Histopathology 18 36 17 34.0 1 2
CT 50 100 12 24.0 38 76.0
MRI 2 4.0 2 4.0 0 0.0
PET/CT 50 100 29 58.0 21 42.0
I. |
0.9 o
0.8 - -
AUC =0.852
0.7 - 95% CI: 0.827 -936
P <0.001
z 0.6
=
= 05 p
>
w04 - ~
0.3
0.2
0.1
0 . .
0 0.2 0.4 0.6 0.8 1

1-Specificity

Fig. (1): Roc curve analysis for PET/CT according to the following:

AUC PPV NPV Sensitivity | Specificity | Accuracy | P value

0.852 86% 47% 98% 92% 96% <0.001

ROC: Receiver operating characteristic curve. AUC: Area under the curve.
PPV: Positive predictive value. NPV: Negative predictive value. Cl: confidence interval
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Table (6): PET/CT interpretation.

PET/CT interpretation No. %
Number of lesions

e One 20 40.0

e Two 4 8.0

e Multiple 26 52.0
Findings

e True positive 39 76.0

e True negative 8 16.0

e False positive 2 4.0

e False negative 1 2.0
Total 50 100
SUVmax Range Mean £SD

e Minimum 2—26 49+4.7
e Maximum 2—35 13.0+8.3

Discussion

Our study was designed to address the diagnostic accuracy of 18F-FDG PET/CT in the recurrence of CRC.
The most common indication for PET/CT is rising tumor biomarkers; CEA & CA19-9 (32%), followed by
CT findings (24%), and follow-up (24%), then US findings (10%) and clinical findings (8%).

CEA sensitivity in detecting the recurrence of CRC of 48.1% is considered low. It may partly be attributed
to normal CEA levels in the presence of recurrence that may be found after chemotherapy when apoptosis
and cell death of malignant cells happen. It may also be the case in poorly differentiated CRCs. However,
when 18F-FDG PET/CT results (positive vs. negative) were associated with CEA (normal vs. elevated), a

statistically significant association was found to exist (p=0.033) (6).

A meta-analysis published by Huebner et al. included 11 studies and 577 patients showed that FDG-PET
had 97 % sensitivity and 76 % for detecting recurrent colorectal cancer (7). However, they reported that
prevalence of PET-positive cases in rectal cancer patients was higher with an increase in carcinoembryonic
antigen (CEA) levels (41 % PET positivity for CEA level of 5-10 vs 83 % with CEA level >50).
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Therefore, a rising CEA level, equivocal findings on other imaging, should be considered an indication for
PET/CT in patients with known or suspected recurrent colorectal cancer (8). It has been shown that PET/CT
detects colonic abnormalities larger than 13 mm in diameter with 90 % accuracy; however, the specificity
for differentiating hyperplastic benign polyps from primary colorectal cancers is reported to be 43 % and

thus the application of this technique is uncertain (9).

Regarding site of tumor, the most common primary site in the studied patients was the colon which was
found in 29 patients (58%), followed by rectum in 10 patients (20%), sigmoid in 9 patients (18%) and only

2 cases of anorectal tumors (4%).

Pugh et al. (10) conducted a randomized controlled trial on patients following surgery for CRC and found
that 17% experienced recurrence. The researchers found that incidence of recurrence varied according to
location of primary tumor; 14% for the right colon, 16% for the left colon, and 21% for the rectum. The
research work has concluded that pulmonary recurrence was most commonly associated with the rectal
tumors and multi-site recurrence appeared more frequently with right-sided CRC (11). Similarly, in a
retrospective study by Augestad et al. (12) that aimed to determine pattern of metastatic disease after
curative surgery for CRC, the authors have reported recurrence incidence of 11.2%, 12.8%, 22.2%, 24.2%

for right colon, left colon, high rectum, and low rectum, respectively.

Although a majority of patients experienced disease recurrence, most first recurrences were isolated to one
organ site, primarily the lung or the liver and the majority of recurrences happened more than 1 year

following liver resection, results that are similar to prior published literature (13-15).

As regard treatment modality of the studied patients: previous surgery was performed for 48 patients (96%),
chemotherapy was done for 44 patients (88%), radiotherapy was performed for 11 patients (22%), all of the
radiotherapy patients received chemotherapy. Most of the vast majority of patients received more than
treatment modality.

Patients with stage 1 colon cancer have high cure rate with surgery alone and do not require adjuvant
therapy. On the other hand, patients with node positive colon cancer following surgery are at high risk of
recurrence. Adjuvant chemotherapy for patients with high-risk stage Il and 111 colon cancer has substantially
evolved over the past 2 decades (16). The patients with stage Il are considered to be at high risk of recurrence
if pathology demonstrates at least one of the following characteristics: lymph nodes sampling <12; poorly

differentiated tumor (except in MSI-high cancers); vascular or lymphatic or perineural invasion; tumor
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presentation with obstruction or tumor perforation and pT4 stage (17,18).

The usefulness of CEA and CA19-9 in screening, follow-up after diagnosis, and monitoring treatment has
been explored in CRC patients since their discovery (19). They used CEA and CA19-9 combination for
prediction of CRC recurrence. Until now, guidelines recommended only the use of CEA for determining
prognosis, surveillance after a curative resection, and monitoring treatment. CA19-9 is still not

recommended as a useful marker in CRC patients (18,20).

As regard site of recurrence, liver was the most common site for recurrence (34%), followed by peritoneum
(24%), then lungs (16%). Multiple metastases were found in the liver, lungs, and — to less extent — bone.
Local recurrence was found in 14/50 patients (28%) and regional lymph node recurrences was observed in
17 patients (34%).

Similarly, Manfredi et al. (21) reported pattern of distant recurrence of CRC after curative surgery involves
liver (45%), lung (10%), brain (2%), bone (2%), and other sites in 4%.

The recurrence pattern for colon cancer showed that liver was involved significantly more in the early-
recurrence group, while lung metastasis was recorded significantly more in the late recurrence group. In
patients with rectal cancer, locoregional recurrence was significantly higher in the late-recurrence group.
Interestingly, there was no difference in recurrence time in terms of hepatic and lung metastases for patients

with rectal cancer (11).

The different diagnostic modalities used in this study; Biopsy and histopathology were done for 18 patients
(36%), CT and PET/CT were done to all patients (100%), while MRI was performed in 2 patients (4%).
Biopsy showed positive findings in 17 patients (34%), CT had positive findings of 12 patients (24%) and
PET/CT showed positive findings in 29 patients (58%), while the 2 patients (4%) underwent MRI had
positive findings. Compared with histopathology; PET/CT had the most relevant technique with statistically
very highly significant difference (P <0.001), followed by CT with statistically significant difference (p
<0.01), while MRI did not show significant difference (p > 0.05). So, PET/CT showed to be the best for

diagnosis of recurrence.

Imaging plays a crucial role in the diagnosis, staging assessment for specific therapy and follow-up of
patients with colon and rectal cancer with the main function of defining the locoregional extent, identifying
synchronous lesions and distant metastases (22). Computed tomography-colonography (CT or CTC) can

contribute to the CRC diagnosis (23,24), as a potential alternative to the endoscopy. However, CTC does
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not offer the opportunity of taking biopsies or immediate polypectomy and the patient needs to return for a

colonoscopy, in case of detected lesions (22).

CT has a sensitivity of 74-84% and a specificity of 95-96% in detection of CRC liver metastases (25).
However, CT has shown to be poor in identifying nodal disease (26), with specificity for lymph node staging
of 55% and sensitivity of 76% (27).

The PET/CT interpretation showed that 20 patients (40%) had one lesion, 4 (8%) had two lesions and 26
(52%) had multiple lesions. The findings were 39 (76%) were true positive cases, 8 (16%) were true
negative, 2 (4%) were false positive, only one patient (2%) was false negative. The mean SUVmax min was
4.9 + 4.7, while SUVmax max was 13 + 8.3.

Standard incorporation of SUVmax as the metabolic parameter in the PET/CT reports increases the
specificity. Adding another metabolic parameter was proven to further increase specificity (28). Attempts
have been made in oncological imaging to further increase the specificity by introducing many quantitative
PET/CT parameters that characterize the tissues in what is called ‘multiparametric approach’ (29). Such
parameters reflect, for example, tumor vascularity or tissue heterogeneity, and present one of the future
directions of PET/CT development (6).

Milardovi¢ et al. (6) studied the correlation of CEA and SUVmax, a non-significant low positive rank
correlation (p=0.164, p=0.38; n=31) was found. This result could be attributed to complex and differing
factors causing each. Serum CEA level is thought to be influenced by a tumor location, invasiveness of a
tumor and tumor burden making more differentiated and left-sided CRCs to cause higher CEA levels.
Research of Ozkan et al (30) showed no correlation between patients’ serum CEA and lesions’ SUVmax to

exist.

The power of the study is that it gives hint about the important role of 18F-FDG PET/CT in prediction of
recurrence and its important role in diagnosis and management of CRC, however, some limitations were
noticed. First, the relatively low sample size of patients that interferes with the accuracy of statistical data.
Second, is the lack of recurrence timing in this thesis as mentioned in previous literatures and differentiated
into early (<1 year) and late (>1 year), so the importance of detection biomarkers like 18F-FDG PET/CT.
Early recurrence does not reflect a worse prognosis as compared with late recurrence in CRC. Finally, lack

of tumor staging in this research and its effect on recurrence.
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Conclusion

From this study, it was concluded that 18F-FDG PET/CT is a good predictor of recurrence in colorectal
cancer patients performed primary surgery. This imaging modality gives 98% sensitivity, 92% specificity,

and 96% accuracy.

References

1. Gade M, Kubic M, Fisker RV, et al. Diagnostic value of 18F-FDG PET/CT as first choice in the detection of

recurrent colorectal cancer due to rising CEA. Cancer Imaging 2015; 15: 11 — 18.

2. Walker AS, Johnson EK, Maykel JA, et al. Future directions for early detection of colorectal cancer recurrence.
Journal of Cancer 2014; 5(4): 272 — 280.

3. Young PE, Womeldorph CM, Johnson EK, et al. Early detection of colorectal cancer recurrence in patients
undergoing surgery with curative intent; current status and challenges. Journal of Cancer 2014, 5(4): 262 — 271.

4. Makis W, Kurzencwyg D, Hickeson M. 18F-FDG PET/CT superior to serum CEA in detection of colorectal cancer
and its recurrence. Clinical Imaging 2013; 37: 1094 — 1097.

5. Agarwal A, Marcus C, Xiao J, et al. FDG PET/CT in the management of colorectal and anal cancers. AJR 2014;
203: 1109 —11109.

6. Milardovi¢ R, Beslic N, Sadija A, Ceric S, Bukvi¢ M, Dzananovic L. Role of 18F-FDG PET/CT in the Follow-up
of Colorectal Cancer. Acta Informatica Medica. 2020; 28(2): 119-123. Doi: 10.5455/aim.2020.28.119-123.

7. Suga T, Nakamoto Y, Saga T, Higashi T, Hara T, Ishizu K, Nishizawa H, Togashi K. Prevalence of positive FDG-
PET findings in patients with high CEA levels. Ann Nucl Med. 2010; 24(6):433-9. Doi: 10.1007/s12149-010-0387-

8. Patel UB, Blomqvist LK, Taylor F, George C, Guthrie A, Bees N, Brown G. MRI after treatment of locally
advanced rectal cancer: how to report tumor response--the MERCURY experience. AJR Am J Roentgenol. 2012;
199(4): W486-95. Doi: 10.2214/AJR.11.8210.

9. Balyasnikova S, Brown G. Optimal Imaging Strategies for Rectal Cancer Staging and Ongoing Management. Curr
Treat Options Oncol. 2016; 17(6):32. Doi: 10.1007/s11864-016-0403-7.

10. Pugh SA, Shinkins B, Fuller A, Mellor J, Mant D, Primrose JN. Site and stage of colorectal cancer influence the
likelihood and distribution of disease recurrence and post-recurrence survival: data from the FACS randomized
controlled trial. Annals of surgery. 2016; 263(6):1143-7.

Dr. Hassan Ali Ahmed Mahmoud, MD (2023). Role of 18f-Fdg Pet/Ct in Detection of Colorectal Cancer
Recurrence. MAR Oncology & Hematology (2023) 6:2.



Dr. Hassan Ali Ahmed Mahmoud, MD, MAR Oncology & Hematology (2023) 6:2. Page 14 of 15
11. Guraya SY. Pattern, Stage, and Time of Recurrent Colorectal Cancer After Curative Surgery. Clin Colorectal
Cancer. 2019; 18(2): e223-e228. Doi: 10.1016/j.clcc.2019.01.003.

12. Augestad KM, Bakaki PM, Rose J, Crawshaw BP, Lindsetmo RO, Dgrum LM, et al. Metastatic spread pattern
after curative colorectal cancer surgery. A retrospective, longitudinal analysis. Cancer Epidemiology. 2015; 39(5):
734-44,

13. Neal CP, Nana GR, Jones M, et al. Repeat hepatectomy is independently associated with favorable long-term
outcome in patients with colorectal liver metastases. Cancer Med. 2017; 6(2): 331- 338.

14. Acciuffi S, Meyer F, Bauschke A, et al. Analysis of prognostic factors after resection of solitary liver metastasis
in colorectal cancer: a 22-year bicentre study. J Cancer Res Clin Oncol. 2018; 144(3): 593- 599.

15. Bellier J, De Wolf J, Hebbar M, et al. Repeated resections of hepatic and pulmonary metastases from colorectal
cancer provide long-term survival. World J Surg. 2018; 42(4): 1171- 1179.

16. Ahmed S, Johnson K, Ahmed O, Igbal N. Advances in the management of colorectal cancer: from biology to
treatment. Int J Colorectal Dis. 2014; 29(9): 1031-42. Doi: 10.1007/s 00384-014-1928-5.

17. Figueredo A, Coombes ME, Mukherjee S. Adjuvant therapy for completely resected stage Il colon cancer.
Cochrane Database Syst Rev. 2008; CD005390.

18. Labianca R, Nordlinger B, Beretta GD, Brouguet A, Cervantes A, ESMO Guidelines Working Group. Primary
colon cancer. ESMO Clinical Practice Guidelines for diagnosis, adjuvant treatment and follow-up. Ann Oncol 2010;
21 (Suppl 5): 70-77. Doi: 10.1093/annonc/mdq168.

19. Lakemeyer L, Sander S, Wittau M, Henne-Bruns D, Kornmann M, Lemke J. Diagnostic and Prognostic Value of
CEA and CA19-9 in Colorectal Cancer. Diseases. 2021; 9(1): 21. Doi: 10.3390/diseases9010021.

20. Sturgeon CM, Duffy MJ, Stenman UH, Lilja H, Briinner N, Chan DW, Babaian R, Bast RC, Dowell B, Esteva
FJ, et al. National Academy of Clinical Biochemistry Laboratory Medicine Practice Guidelines for use of tumor
markers in testicular, prostate, colorectal, breast, and ovarian cancers. Clin. Chem. 2008; 54:e11-e79. Doi:
10.1373/clinchem.2008. 105601.

21. Manfredi S, Bouvier A, Lepage C, Hatem C, Dancourt V, Faivre J. Incidence and patterns of recurrence after
resection for cure of colonic cancer in a well-defined population. British Journal of Surgery. 2006;93(9):1115-22.

22. Buccafusca G, Proserpio I, Tralongo AC, Rametta Giuliano S, Tralongo P. Early colorectal cancer: diagnosis,
treatment and survivorship care. Crit Rev Oncol Hematol. 2019; 136: 20-30. Doi: 10.1016/j.critrevonc.2019.01.023.

23. Graser A, Stieber P, Nagel D, Schafer C, Horst D, Becker CR, et al. Comparison of CT colonography,

colonoscopy, sigmoido-scopy and fecal occult blood tests for the detection of advanced adenoma in an average risk

Dr. Hassan Ali Ahmed Mahmoud, MD (2023). Role of 18f-Fdg Pet/Ct in Detection of Colorectal Cancer
Recurrence. MAR Oncology & Hematology (2023) 6:2.



Dr. Hassan Ali Ahmed Mahmoud, MD, MAR Oncology & Hematology (2023) 6:2. Page 15 of 15
population. Gut 2009; 58: 241-248.

24. Pickhardt PJ, Hassan C, Halligan S, Marmo R. Colorectal cancer: CT colonography and colonoscopy for

detection-systematic review and meta-analysis. Radiology 2011; 259: 393-405.

25. Floriani I, Torri V, Rulli E, Garavaglia D, Compagnoni A, Salvolini L, et al. Performance of imaging modalities
in diagnosis of liver metastases from colorectal cancer: a systematic review and meta-analysis. J. Magn. Reson.
Imaging 2010; 31: 19-31.

26. Dighe S, Blake H, Koh M-D, Swift I, Arnaout A, Temple L, Barbachano Y, Brown G. Accuracy of multidetector
computed tomography in identifying poor prognostic factors in colonic cancer, British Journal of Surgery, 2010;
97(9): 1407-1415. Doi: 10.1002/bjs.7096.

27. Mitry E, Guiu B, Cosconea S, et al. Epidemiology, management and prognosis of colorectal cancer with lung
metastases: a 30-year population-based study. Gut 2010; 59: 1383-1388.

28. Ince S, Okuyucu K, Hancerliogullari O, Alagoz E, San H, Arslan N. Clinical significance of fluorine-18-
fluorodeoxyglucose positron emission tomography/computed tomography in the follow-up of colorectal cancer:
searching off approaches increasing specificity for detection of recurrence. Radiol Oncol. 2017; 51(4):378-385. Doi:
10.1515/raon-2017-0045.

29. Singh D, Miles K. Multiparametric PET/CT in oncology. Cancer Imaging. 2012; 12(2): 336-344. Doi:
10.1102/1470-7330. 2012.9007.

30. Ozkan E, Soydal C, Araz M, Kir KM, lbis E. The role of 18F-FDG PET/CT in detecting colorectal cancer
recurrence in patients with elevated CEA levels. Nucl Med Commun. 2012; 33(4): 395-402. Doi:
10.1097/MNM.0b013e32834f7dbe.

Dr. Hassan Ali Ahmed Mahmoud, MD (2023). Role of 18f-Fdg Pet/Ct in Detection of Colorectal Cancer
Recurrence. MAR Oncology & Hematology (2023) 6:2.



