
Value of Dual Assessment of Carcino-
embryonic Antigen and Fluorine-18-Fluoro-
Deoxyglucose Positron Emission Tomography 
in Colorectal Cancer Recurrence

ABSTRACT

Globally, colorectal cancer is a common medical problem and improvement 
of survival in patients with colorectal carcinoma could be achieved by iden-
tifying disease recurrence and progression, as well as by specifying their treat-
ment planning. The use of various biomarkers associated with radio diagnosis 
techniques is not common in daily clinical practice. The aim of the present 
study was to evaluate the usefulness of dual assessment of FDG-PET and CEA in 
detecting recurrence of colorectal carcinoma in patients subsequent to colo-
nic resection or rectal amputation. One hundred sixty patients, 99 males and 
61 females, the mean of their age was 55.76 ± 12.25 years with suspected 
recurrent colonrectal cancer (CRC) after previous colonic resection or rectal 
amputation for CRC were included in this prospective study from February  
2011 to March 2015. The inclusion criteria were: histopathologically confirmed 
colorectal adenocarcinoma, curative resection of the primary tumor, at least 
3 months before and availability for follow-up after 18F-FDG PET/CT and CEA 
for at least 12 months. The CEA levels were measured within the time of the 
FDG PET/CT study. Only 132 patients were confirmed by histopathology or 
6 month clinical follow up had local recurrence or metastasis (47 patients 
were  confirmed had Intra-abdominal extra-hepatic recurrence , 80 patients 
had extra-abdominal and/or hepatic recurrence , 30 patients had other form 
of recurrence (17 patients had metastasis at other sites as the neck, long bones 
, mediastinal lymph nodes and multiple metastases) .The PET/CT diagnosis 
of recurrence and metastasis in CRC patients included in the study. Out of 
160 patients after CRC resection, 126 patients were diagnosed by PET/CT as 
true-positive cases (25.62% Stage II /53.13% and I Stage III/IV) and 34 patients 
as negative cases (21.25 %). The sensitivity of monitoring the recurrence and 
metastasis of patients with CRC by PET/CT was 95.45 %. However, the diagnos-
tic value of CEA levels for recurrence and metastasis in CRC patients included 
in the study proved that 102 patients had increased value of CEA (63.8%) and 
58 patients (36.2%) had normal CEA value. The sensitivity of the CEA levels for 
monitoring the recurrence of the patients with CRC was 77.27 %. The sensiti-
vity of the 18F-FDG PET/CT scan is superior to CEA in detection of colorectal 
cancer recurrence and dual assessment is important in treatment planning.
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~30-50% of patients undergoing a curative resection will 
ultimately have recurrent disease, optimizing the surveil-
lance strategy is paramount (3). However, one Cochrane 
update [25] have been completed in the last decade and 
proved that an intensive follow-up was associated with 
an overall survival benefit at five years (4). 

Colorectal carcinoma represents the third most common 
malignant tumor in both men and women in developed 
world and the third leading cause of cancer-related 
death (5). Despite the advances in surgical treatment 
and introduction of combined therapeutic modalities, 5 
years survival rarely exceeds 60%, varying from 90% in 
localized disease to 11% in patients with spread to distant 
organs (6). 

Current guidelines after apparently curative resec-
tion recommend surveillance with imaging tests and 
regular serum measurements of carcinoembryogenic 
antigen (CEA) (7). Despite widespread use of CEA as a 
marker of early relapse, studies have shown contradic-
tory data, with a large number of false-positive results 
(8). Moreover, in practice, increased values of CEA signify 
recurrent disease and necessitate imaging diagnostic pro-
cedures, which may not be necessary (9). 

Carcinoembryonic antigen (CEA) is a glycoprotein oncofe-
tal antigen that many epithelial tumors express. While 
CEA is typically considered a tumor marker, levels may 
also be elevated in a variety of non-malignant condi-
tions including pancreatitis, cigarette smoking, and in-
flammatory bowel disease. First described by Gold and 
Freedman in 1965, this relatively inexpensive blood test 
has been part of the majority of recommended surveil-
lance strategies (10). Seventy percent of patients with 
colorectal cancer will have an elevation in their CEA le-
vel at diagnosis, making it a useful marker for cure and 
surveillance of disease after surgery (11). Despite this, 
some controversy still exists regarding its utility. Serum 
carcinoembryonic antigen (CEA) is a surrogate marker for 
recurrent colorectal cancer with a value of >5 ng/ml in 
patients with CRC after treatment suggests recurrent dis-
ease (12); however, insufficient sensitivity and specificity 
of CEA make it inadequate for surveillance (13).  

Positron emission tomography with fluorodeoxyglucose 
(FDG-PET) provides information on the metabolic activity 
of a lesion, theoretically allowing better discrimination 
between the hypermetabolic tumor and postoperative 
changes (14).Fluorine-18-fluoro-deoxyglucose positron 

Kolorektal Kanser Nüksünde Karsinoembriyonik Antijen 
ve Flor-18-Floro-Deoksiglukoz Pozitron Emisyon 
Tomografisinin İkili Değerlendirilmesinin Yararı 

ÖZET

Küresel olarak, kolorektal kanser genel bir tıbbi problemdir ve 
kolorektal kanserli hastaların yaşam sürelerinin iyileştirilmesi, 
tedavi planlarının ortaya konması ile beraber hastalığın 
nüksü ve progresyonunun tanımlanabilmesi ile başarılabilir. 
Radyodiagnostik tekniklerle ilişkili çeşitli biyomarkırların 
kullanımı, günlük klinik uygulamada yaygın değildir. Bu 
çalışmanın amacı, kolon rezeksiyonu veya rektal ampütasyon 
sonrası hastalarda kolorektal kanser nüksünün tespitinde 
FDG-PET ve CEA’ nın ikili değerlendirilmesinin yararlılığını 
değerlendirmektir. Bu prospektif çalışmaya, Şubat 2011 ile 
Mart 2015 tarihleri arasında kolorektal kanser (KRK) nedeni ile 
kolonik rezeksiyon veya rektal ampütasyon sonrası KRK nüksü 
şüphesi bulunan yaşları ortalaması 55.76 ± 12.25 yıl olan, 160 
(99 erkek ve 61 kadın) hasta dâhil edildi. Dâhil etme kriterleri: 
histopatolojik olarak doğrulanmış kolorektal adenokarsinomu, 
primer tümörün küratif rezeksiyonu, 18F-FDG PET/CT ve CEA 
öncesi en az 3 ay, sonrası en az 12 ay süre ile takip edilmiş 
olma. CEA seviyeleri, FDG PET/CT çalışması süresi içerisinde 
ölçüldü. Sadece 132 hastada lokal nüks veya metastaz varlığı 
histopatolojik olarak veya 6 aylık klinik takip ile doğrulandı (47 
hastada intra-abdominal ekstra-hepatik rekürens, 80 hastada 
ekstra-abdominal ve/veya hepatik rekürens, 30 hastada diğer 
rekürens formlarının varlığı doğrulandı, 17 hastada boyun, 
uzun kemikler ve mediastinal lenf nodları gibi diğer yerlerde 
metastazlar ile multipl metastaz vardı). Bu çalışmaya, PET/CT 
ile rekürens ve metastazın tanımlandığı KRK li hastalar dâhil 
edildi. KRK rezeksiyonu sonrası 160 hastanın 126’ sı PET/CT ile 
doğru pozitif olgu (%25.62 Evre II /%53.13 ve I Evre III/IV) ve 
34’ ü negatif olgu olarak tanımlandı (%21.25 ). KRK’ li hasta-
larda metastaz ve rekürensin PET/CT ile gözlemin duyarlılığı 
%95.45 idi. Bununla beraber, CEA seviyelerinin çalışmaya da-
hil edilen KRK’ li hastalarda rekürens ve metastaz için tanısal 
değeri, 102 hastada CEA değerinin arttığını (%63.8) ve 58 
hastada (%36.2) CEA değerinin normal olduğunu göstermiştir. 
CEA seviyelerinin KRK’ li hastalarda rekürensin gözlemindeki 
duyarlılığı, %77.27 idi. Kolorektal kanser rekürensinin tespitin-
de, 18F-FDG PET/CT taramanın duyarlılığı CEA’dan üstündür 
ve ikili değerlendirme tedavi planlamasında önemlidir.

Anahtar kelimeler: Karsinoembriyonik antijen, Flor-18-floro-
deoksiglukoz pozitron emisyon tomografi, kolorektal kanser 

rekürens

INTRODUCTION

Colorectal cancer (CRC) is a major cause of cancer-re-
lated mortality in Western countries. It is the third most 
commonly diagnosed cancer, with an estimated 146, 
970 new cases diagnosed in the USA during 2009 (1). 
Approximately 80% of patients present with local/region-
al disease and 20% with metastatic disease (2). Given that 
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emission tomography/computed tomography (18F-FDG 
PET/CT) is valuable in the detection of recurrent disease 
in patients after curative resection of colorectal carci-
noma (15). However, Kishimoto stated that CT/PET is 
a sensitive method of detecting recurrent disease, but 
noted that its high cost made it a cost ineffective test for 
general use (16).

The aim of the present study was to evaluate the useful-
ness of dual assessment of FDG-PET   and CEA in detect-
ing recurrence of colorectal carcinoma in patients subse-
quent to colonic resection or rectal amputation.

MATERIAL AND METHOD

Subjects

One hundred sixty patients, 99 males and 61 females, the 
mean of their age was 55.76 ± 12.25 years with suspected 
recurrent colonrectal cancer (CRC) after previous colonic 
resection or rectal amputation for CRC were included in 
this prospective study from February  2011 to March 2015. 
The inclusion criteria were: histopathologically confirmed 
colorectal adenocarcinoma, curative resection of the pri-
mary tumor, at least 3 months before and availability for 
follow-up after 18F-FDG PET/CT and CEA for at least 12 
months. The CEA levels were measured within the time 
of the FDG PET/CT study. The Scientific Research Ethical 
Committee, Faculty of Applied Medical Sciences at King 
Abdulaziz University, approved this study. All participants 
signed the consent form before sharing in the study. 

Measurements

A. Fluorine-18-fluoro-deoxyglucose positron emission 
tomography/computed tomography (18F-FDG PET/CT) 
measurements: 

All participants were 4-6 hours fasting before they un-
derwent 18F-FDG PET/CT examination on a 64-slice hy-
brid PET/CT scanner (Biograph, TruePoint64, Siemens 
Medical Solutions, Inc. USA). The serum blood glucose 
level was <7 mmol/l in all cases prior to the intravenous 
injection of 5.5MBq/kg of 18FFDG. Blood glucose level 
over 11mmol/L was considered as exclusion criteria on 
PET/CT examination. Following injection of 18F-FDG, pa-
tients rested in a quiet and darkened room for 60min, 
after which images of PET/CT were obtained. Low-dose 
non-enhanced CT scans (120kV with automatic, real-time 

dose-modulation amperage, slice thickness of 5mm, pitch 
of 1,5 and a rotation time of 0.5s) and 3-dimensional PET 
scans (6-7 fields of view, 3min/field) were acquired from 
the base of the skull to the mid-thigh. Non-corrected and 
attenuation-corrected CT, PET and fused PET/CT imag-
es were displayed for analysis on a Syngo Multimodality 
workplace (Siemens AG) (17). 

B. Carcinoembryonic Antigen (CEA) measurements: 

Blood samples were collected from the antecubital vein 
before and after treatment. Subjects had blood drawn 
at the same time in the morning on each occasion (be-
tween 8 and 10 AM). Subjects were lay supine for 10 min 
prior to the blood collection. 10 mL of blood was drawn 
into a tube containing 0.1 M sodium citrate. Blood was 
centrifuged at 2000 ×g for 10 min at 4 °C and stored at 
− 80 °C until analysis. Serum Albumin, Hematocrit, Urea, 
Electrolyte and Carcinoembryonic Antigen (CEA) assays 
were performed in a single laboratory with using the 
RIAMAT SR-300 kit (Stratec, Germany).

RESULTS

The demographic and baseline characteristics of patients 
included in this study revealed that the majority of par-
ticipants were male patients (61.2%) and about 66.9% 
were below 55 years old, moreover few patients received 
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 Variable   Number Percentage

Gender  Male  98 61.2%
  Female  62 38.8%

Age  Above 55 years 53 33.1%
  Below 55 years 107 66.9%

Site of primary 
tumor  Rectum  85 53.1%
  Colon  75 46.9%

Chemotherapy & 
radiotherapy  Preoperative 14 8.7%
  Postoperative 121 75.6%
  None  25 15.7%
         

Table 1. Demographic and baseline characteristics of 
patients included in the study.
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preoperative chemotherapy & radiotherapy (8.7%) and 
the majority of participants received postoperative che-
motherapy & radiotherapy (75.6%) (Table 1).

All participants enrolled in our study were classified ac-
cording to the site of recurrence, out of 160 patients af-
ter previous colonic resection or rectal amputation for 
CRC, 132 patients were confirmed by histopathology or 6 
month clinical follow up had local recurrence or metasta-
sis (47 patients were  confirmed had Intra-abdominal ex-
tra-hepatic recurrence, 80 patients had extra-abdominal 
and/or hepatic recurrence, 30 patients had other form 
of recurrence (17 patients had metastasis at other sites 
as the neck, long bones, mediastinal lymph nodes and 
multiple metastases) (Table 2).

Concerning the PET/CT diagnosis of recurrence and me-
tastasis in CRC patients included in the study. Out of 160 
patients after CRC resection, 126 patients were diag-
nosed by PET/CT as true-positive cases (25.62% Stage II 
/53.13% and I Stage III/IV) and 34 patients as negative 
cases (21.25 %). The sensitivity of monitoring the recur-
rence and metastasis of patients with CRC by PET/CT 
was 95.45 % (126/132). However, the diagnostic value of 
CEA levels for recurrence and metastasis in CRC patients 
included in the study proved that 102 patients had in-
creased value of CEA (63.8%) and 58 patients (36.2%) had 
normal CEA value. The sensitivity of the CEA levels for 
monitoring the recurrence of the patients with CRC was 
77.27 % (102/132) (Table 3).

DISCUSSION

Colorectal cancer affects about 150,000 patients in the 
United States and is the cause of almost 50,000 deaths 
every year (18). Strict postoperative follow up is highly 
needed to limit cancer recurrence. Although the great 
advance in surgical resection, radiotherapy and chemo-
therapy of colon-rectal cancer, about one third of pa-
tients develop recurrence (19,20). 

The main findings in the present study indicated that the 
sensitivity of monitoring the recurrence and metastasis of 
patients with CRC by PET/CT was 95.45 %. However, the 
sensitivity of the CEA levels for monitoring the recurrence 
of the patients with CRC was 77.27 % which means that 
the sensitivity of the 18F-FDG PET/CT scan is superior to 
CEA in detection of colorectal cancer recurrence and dual 
assessment is important in treatment planning, these re-
sults agreed with many previous studies.

Caglar and colleagues in their follow-up of 155 patients 
with colorectal cancer (CRC) (87 men, mean age: 61 
years) remained for final analysis. Serum CEA and CA 
19-9 had a sensitivity of 74 and 35 % for the detection 
recurrent CRC, respectively. The sensitivities of CT and 
FDG PET-CT were 79 and 92 % respectively (21). A retro-
spective study of Votrubova and colleagues for the de-
tection of recurrence of colorectal cancer (CRCR) proved 
that FDG-PET/CT appears to be a very promising method 
for distinguishing a viable tumour from fibrous changes 
as the sensitivity, specificity and overall accuracy of 
F-fluorodeoxyglucose (FDG) PET/CT were 89%, 92%, and 
90% correctly detecting 40 out of 45 patients with recur-
rent disease (22). Artiko etal. conducted a prosepective 
study included 75 patients with resected primary colorec-
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Mode of recurrence  Number  Percentage

Intra-abdominal 
extra-hepatic recurrence 46  34.8%

Extra-abdominal/
hepatic recurrence  69  52.2%

Oher form of recurrence 17  13%
         

Table 2. Final diagnosis of all patients according to 
the site of recurrence.

Table 3. PET/CT and CEA diagnosis of recurrence and 
metastasis in CRC patients included in the study.

 Variable   Number Percentage

18F-FDG PET/CT Negative  34 21.25%
  Stage I/II  41 25.62%
  Stage III/IV 85 53.13%

CEA  Normal  58 36.2%
  Increased  102 63.8%
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tal adenocarcinoma referred for 18F-FDG PET/CT for  
detection of recurrent disease 18FFDG PET/CT showed 
overall sensitivity, specificity and accuracy of 96.6%, 
82.4% and 93.3%, respectively, moreover  18F-FDG PET/
CT scan induced treatment changes in 30/75 patients, 
including 12/32 patients in which surgical treatment was 
previously planned, and progression free survival time 
was significantly longer in these patients (17). Maas etal. 
stated in his  meta-analysis that PET/CT might be the 
modality of choice when evaluating patients with a (high) 
suspicion of recurrent disease, because of its best perfor-
mance in patient based analyses and confident prediction 
of disease status and PET/CT shows the highest accuracy 
in the detection of recurrence (23). Finally, Zhang etal. in 
their meta-analysis about the diagnostic value of Positron 
emission tomography (PET) using fluor-18-deoxyglucose 
(FDG) in recurrent colorectal carcinoma  and  concluded 
that FDG-PET is valuable for the assessment of recurrent 
colorectal carcinoma, which are in accordance with our 
findings (24).

Tan and colleagues performed a quantitative meta-anal-
ysis of 20 studies including 4,285 patients examining the 
performance characteristics of CEA when used to detect 
CRC recurrence and found an overall sensitivity of 0.64 
with a specificity of 0.90 (25). Also, Chen and colleagues  
investigated whether CEA elevation provided added value 
in the detection of postoperative colorectal cancer re-
currence and found that 999 patients out of 4,841 pa-
tients had elevated CEA (defined at > 5 ng/ml) and recur-
rence, where about three-quarters of these patients had 
their recurrence detected via other means at the same 
time as the first CEA elevation so that they concluded 
that CEA lacks sufficient sensitivity and specificity to be 
used in detection of postoperative colorectal cancer re-
currence (26). In a study by Metser and colleagues, re-
current disease was found in only 65% of patients with 
elevated CEA followed by multidetector CT (MDCT) and 
CT/PET for an average of 18 months after the CEA eleva-
tion (27). Moreover, certain tumors that expressed CEA at 
presentation undergo dedifferentiation and stop express-
ing CEA when they metastasize, rendering it useless as 
a surveillance tool in these cases, so that a more sensi-
tive test is need for early detection of recurrence (28). 
Finally, within the limit of this study dual assessment with 
18F-FDG PET/CT and CEA is recommended for detection 
of colorectal cancer recurrence.

Conclusion 

The current study provides evidence that the sensitivity 
of the 18F-FDG PET/CT scan is superior to CEA in detec-
tion of colorectal cancer recurrence and dual assessment 
is important in treatment planning. In clinical practice, 
CEA in conjunction with 18F-FDG PET/CT are best to be 
used as evidence to determine tumor recurrence.

REFERENCES

1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun M. Cancer 
statistics, 2009,” CA. A Cancer Journal for Clinicians 2009; 
59(4): 225–249.

2. Jemal A, Tiwari R, Murray T. Cancer Statistics, 2004,” CA. A 
Cancer Journal for Clinicians 2004;54(1): 8–29.

3. Scholl HJ, VanCutsem E, Stein A. ESMO Consensus guide-
lines for the management of patients with colon and rectal 
cancer. A personalized approach to clinical decision mak-
ing. Ann Oncol 2012; 23: 2479-2516.

4. Jeffery M, Hickey BE, Hider PN. Follow-Up Strategies for 
Patients Treated For Non-Metastatic Colorectal Cancer. 
Cochrane Database Syst Rev 2002;1: Cd002200.

5. Siegel R, DeSantis C, Jemal D. Colorectal cancer statistics, 
2014. CA Cancer J Clin 2014;64:104-17.

6. Siegel R, DeSantis C, Virgo K. Cancer treatment and survi-
vorship statistics, 2012. CA Cancer J Clin 2014;62:220-41.

7. National Institute for Health and Clinical Excellence. 
The Diagnosis and Management of Colorectal Carcinoma-
Clinical Guideline CG131. NICE 2011; 1:186.

8. Kim HS, Lee MR. Diagnostic accuracy of elevated serum 
carcinoembryonic antigen for recurrence in postoperative 
stage II colorectal cancer patients: comparison with stage 
III. Ann Coloproctol 2013;29:155-9.

9. Lu YY, Chen JH, Ding HJ. A systematic review and meta-
analysis of pretherapeutic lymph node staging of colorec-
tal cancer by 18- FDG-PET or PET/CT. Nucl Med Commun 
2012;33:1127-33.

10. Gold P, Freedman SO. Specific carcinoembryonic antigens 
of the human digestive system. J Exp Med 1965;122(3):467-
81.

11. Moertel CG, O’Fallon JR, Go VL. The preoperative carcino-
embryonic antigen test in the diagnosis, staging, and prog-
nosis of colorectal cancer. Cancer 1986; 58:603-610.

12. Kyoto Y, Momose M, Kondo C, Itabashi M, Kameoka S, 
Kusakabe K. Ability of 18F-FDG PET/CT to diagnose recur-
rent colorectal cancer in patients with elevated CEA con-
centrations. Ann Nucl Med 2010;24:395–401.



Eur J Basic Med Sci 2015;5(2): 25-30

FDG-PET and CEA in detecting recurrence of colorectal carcinoma

13. Moertel CG, Fleming TR, Macdonald JS, Haller DG, Laurie 
JA, Tangen C. (1993). An evaluation of the carcinoembry-
onic antigen (CEA) test for monitoring patients with re-
sected colon cancer. JAMA 1993;270:943–7.

14. Votrubova J, Belohlavek O, Jaruskova M. The role of FDG-
PET/CT in the detection of recurrent colorectal cancer. Eur 
J Nucl Med Mol Imaging 2006;33: 779–784.

15. Lin M. Molecular imaging using positron emission tomogra-
phy in colorectal cancer. Discov Med 2011;11:435-47.

16. Kishimoto G, Mrakami K, Con SA. Follow-up after curative 
resection for colorectal cancer: impact of positron emis-
sion tomography-computed tomography (PET/CT). Rev 
Gastroenterol Peru 2010;30(4):328-33.

17. Artiko V, Odalovic S, Sobic-Saranovic D, Petrovic M, 
Stojiljkovic M, Petrovic N, Kozarevic N, Grozdic-Milojevic 
I, Obradovic V. Can (18) F-FDG PET/CT scan change treat-
ment planning and be prognostic in recurrent colorectal 
carcinoma? A prospective and follow-up study. Hell J Nucl 
Med 2015;18(1):35-41.

18. American Cancer Society. Colorectal Cancer Facts & Figures 
2011-2013. Atlanta: American Cancer Society, 2011.

19. Abulafi AM, Williams NS. Local recurrence of colorectal 
cancer: the problem, mechanisms, management and adju-
vant therapy. Br J Surg 1994;81: 7–19.

20. Young PE, Womeldorph CM, Johnson EK, Maykel JA, Brucher 
B, Stojadinovic A, Avital I, Nissan A, Steele SR. Early detec-
tion of colorectal cancer recurrence in patients undergoing 
surgery with curative intent: current status and challeng-
es. J Cancer 2014;5(4):262-71.

21. Caglar M, Yener C, Karabulut E. Value of CT, FDG PET-CT 
and serum tumor markers in staging recurrent colorectal 
cancer. Int J Comput Assist Radiol Surg 2014; 10(7):993-
1002.

22. Votrubova J, Belohlavek O, Jaruskova M, Oliverius M, 
Lohynska R, Trskova K, Sedlackova E, Lipska L, Stahalova 
V. The role of FDG-PET/CT in the detection of recur-
rent colorectal cancer. Eur J Nucl Med Mol Imaging 
2006;33(7):779-84.

23. Maas M, Rutten IJG, Nelemans. What is the most accurate 
whole-body imaging modality for assessment of local and 
distant recurrent disease in colorectal cancer? A meta-
analysis. Eur J Nucl Med Mol Imaging 2011;38:1560-71.

24. Zhang C, Chen Y, Xue H, Zheng P, Tong J, Liu J, Sun X, Huang 
G. Diagnostic value of FDG-PET in recurrent colorectal car-
cinoma: a meta-analysis. Int J Cancer 2009;124(1):167-73.

25. Tan E, Gouvas N, Nicholls RJ. Diagnostic precision of car-
cinoembryonic antigen in the detection of recurrence of 
colorectal cancer. Surg Oncol 2009;18(1): 15-24.

26. Chen CS, Hsieh MC, Lai CC. Lead-time of carcinoembry-
onic antigen elevation in the postoperative follow up of 
colorectal cancer did not affect the survival rate after re-
currence. Int J Colorectal Dis 2010;25:567-571.

27. Metser U, You J, McSweeney S. Assessment of Tumor 
Recurrence in Patients with Colorectal Cancer and Elevated 
Carcinoembryonic Antigen Level: FDG PET/CT versus 
Contrast-Enhanced 64-MDCT of the Chest and Abdomen. 
Am J Roentgenol 2010;194:766-771.

28. Young PE, Womeldorph CM, Johnson EK, Maykel JA, Brucher 
B, Stojadinovic A, Avital I, Nissan A, Steele SR. Early detec-
tion of colorectal cancer recurrence in patients undergoing 
surgery with curative intent: current status and challeng-
es. J Cancer 2014;15 (4):262-71.

30


