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Abstract
Background Even though the validity of the carcinoembryonic antigen (CEA) test has been shown for
monitoring colorectal cancer recurrence after surgery, it has been applied without speci�cation to the site
of recurrence. In the present study, we aimed to verify the validity of CEA as a site-speci�c surveillance
tool in colorectal cancer after curative resection by analyzing the sensitivity of CEA according to the
pattern of recurrence. Methods A total of 722 patients diagnosed with recurrent colorectal cancer after
curative resections were enrolled, and their medical records were reviewed. Using a cutoff CEA value of 5
ng/ml at the time of detection, the sensitivity of the CEA test according to the pattern of recurrence
(locoregional or systemic recurrence) and detailed information about the location of the recurrence sites
were investigated. Results In patients with recurrence in the peritoneum, combined sites, and the liver, the
sensitivities of CEA test were 59.4%, 51.3%, and 44.8%, respectively. These values were higher than those
in the para-aortic lymph nodes, lungs, and the brain, with sensitivities of 30.4%, 23.6%, and 16.7%,
respectively. In the subset analysis, the CEA test sensitivities for patients with recurrence in the
peritoneum, liver, and para-aortic lymph nodes were 61.9%, 53.2%, and 22.2% in colon cancer and 54.5%,
36.0%, and 35.7% in rectal cancer, respectively. Conclusions Postoperative surveillance CEA levels may
have different values according to the site of recurrence. Therefore, a follow-up strategy considering site-
speci�c CEA sensitivity after surgery could improve early detection of recurrent colorectal cancer.

Background
Carcinoembryonic antigen (CEA) is the most widely accepted and readily available tumor marker used for
the management of colorectal cancer (CRC). Since it was �rst described and characterized by Gold and
Freedman in 1965, CEA has been used for postoperative surveillance, monitoring advanced disease,
determining CRC prognoses, and is generally believed to be the best available noninvasive test for
detecting recurrence in patients after CRC surgical resections.[1–5] Consequently, current international
guidelines recommend postoperative CEA testing for a minimum of 5 years after surgery.[6]

Even though the validity of CEA testing has been shown for monitoring CRC recurrence after surgery, it
has been applied without speci�cation to the site of recurrence. The expression of CEA is affected by the
location of the recurrence through differences in circulation, metabolism, and the adjacent biological
environment.[7–9] Some reports have shown that CEA has a lower sensitivity for local recurrences and a
relatively higher sensitivity for hepatic metastases.[10–14] However, the association between the pattern
of recurrence and the expression of CEA has not been clearly demonstrated.

Recent technical advances in radiological imaging and intensi�ed follow-up surveillance have increased
the probability of detecting and surgically treating asymptomatic recurrences, which has improved
survival outcomes.[15] In this context, determining the sensitivity of CEA according to the pattern of
recurrence and establishing a radiological surveillance strategy could aid in the detection of curable
recurrences. In the present study, we aimed to verify the validity of CEA as a recurrence site-speci�c
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surveillance tool in CRC after curative resection by analyzing the sensitivity of CEA tests according to the
pattern of recurrence.

Patients And Methods
A total of 4,327 patients underwent potentially curative resections for clinically diagnosed and
histologically con�rmed colorectal cancer without distant metastases between January 2001 and
December 2010. CRC was de�ned as a histologically con�rmed adenocarcinoma arising from the
mucosa of the colon and rectum and was staged according to the 8th edition of the American Joint
Committee on Cancer staging system.[16] For this retrospective study, we included 857 patients with
recurrent disease detected during the follow-up period and excluded 106 patients who lacked CEA
laboratory data when recurrence was detected. Additionally, on postoperative day 7 and 30, a dual check
of CEA levels demonstrated that 29 patients had sustained CEA elevation above 5 ng/ml, and they were
excluded from the study to clarify the association between CEA elevation and detection of recurrence.
Thus, 722 patients who underwent curative resections for stage I, II, and III adenocarcinomas of the colon
and rectum were included in this analysis to determine the sensitivity of CEA tests for detecting CRC
recurrence. The study was reviewed and approved by the institutional review board. Informed consent
was waived, given the retrospective nature of the study.

Patients were followed up every 3 months for the �rst 3 years after surgery, every 6 months for the
following 2 years, and yearly thereafter. Each visit included a medical history, a physical examination, and
a serum CEA test. Routine imaging studies consisted of a chest radiography and a computed
tomography (CT) of the chest, abdomen, and pelvis. The chest radiography and abdominopelvic CT were
performed 6 months after surgery for 5 years and annually thereafter. Chest CTs were performed annually
after surgery, or when an abnormal �nding was suspected on chest radiography. A colonoscopy was
performed 6 months after surgery and annually thereafter. Ultrasonography, whole-body bone
scintigraphy, and positron emission tomography were performed when recurrence was suspected on
routine imaging studies. Recurrence was determined by clinical and radiological examinations or by
histological con�rmation. Recurrences were classi�ed into locoregional recurrences (tumor tissue at the
primary site of resection, either intra- or extraluminal) or systemic recurrences (distant spread of CRC). A
combination of locoregional and systemic recurrence was considered a systemic recurrence.

CEA levels were measured by chemiluminescence immunoassay using a DxI 800 Access Immunoassay
System (Beckman Coulter Inc., Brea, CA, USA) with a reference range of ≤ 5 ng/ml. Patients were
categorized into two groups, the normal CEA group and the abnormal CEA group, according to their serum
CEA concentrations at the time recurrence was detected. The normal CEA group had a CEA concentration 
≤ 5 ng/ml and, the abnormal CEA group had a concentration > 5 ng/ml. We compared general descriptive
pro�les such as age, sex, tumor location, CEA level before surgery, and the stage and histology of the
primary tumor between the two groups. We analyzed the pattern of recurrence (locoregional or systemic
recurrence) between the two groups and investigated the sensitivity of the CEA test using 5 ng/ml as the
cutoff value according to the location of recurrence in patients with systemic recurrences.
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All statistical analyses were performed using SPSS statistics version 20.0 (IBM Corp., Armonk, NY, USA).
Descriptive results were presented as means with standard deviations or medians with interquartile
ranges (Q1-Q3) for continuous outcomes and as frequencies and percentages for categorical outcomes.
The χ2 and linear-by-linear tests were used for categorical outcomes and the Student’s t-test was used to
compare continuous outcomes. A P-value less than 0.05 was considered statistically signi�cant.

Results
A total of 722 patients with recurrent CRC were included in the analysis, with a median follow-up period of
51.0 months (range, 30.0–76.0 months). The median CEA level for these patients was 3.3 ng/ml (range,
1.6–9.2 ng/ml). For colon and rectal cancers, the median CEA levels were 3.9 ng/ml (range, 2.0–
10.2 ng/ml) and 2.9 ng/ml (range, 1.5–8.6 ng/ml), respectively.

Comparison of clinicopathological features
The clinicopathological features of the CEA groups categorized by serum CEA level when recurrence was
detected are summarized in Table 1. There were 444 patients (61.5%) in the normal CEA group and 278
patients (38.5%) in the abnormal CEA group. There were no signi�cant differences between the two
groups with regard to age, sex, and pathologic �ndings of the primary tumor (pathologic stage, histologic
grade, and lymphovascular invasion), except tumor location and preoperative CEA level. The proportion
of patients in the abnormal CEA group who had colon cancer (43.4%) was higher than that with rectal
cancer (34.9%), with statistical signi�cance (p = 0.021). In abnormal CEA group, more patients had
preoperative CEA levels above 5.0 ng/ml than levels at or below 5.0 ng/ml (53.7% versus 30.8%, p < 
0.001).
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Table 1
Patients’ characteristics (n = 722)

  Normal aCEA (n = 444) Abnormal CEA (n = 278) P-value

Age, mean (± SD, year) 59.7 (± 12.1) 61.3 (± 10.5) 0.067

Gender     0.182

Male 301 (67.8%) 175 (62.9%)  

Female 143 (32.2%) 103 (37.1%)  

Tumor location     0.021

Colon 172 (38.7%) 132 (47.5%)  

Rectum 272 (61.3%) 146 (52.5%)  

Preoperative CEA     < 0.001

≤ 5 ng/ml 331 (74.5%) 147 (52.9%)  

> 5 ng/ml 113 (25.5%) 131 (47.1%)  

Primary tumor stage     0.328

Not assessable 6 (1.4%) 3 (1.1%)  

I 46 (10.4%) 20 (7.2%)  

II 130 (29.3%) 74 (26.6%)  

III 262 (59.0%) 181 (65.1%)  

Histologic grade     0.230

I 39 (8.8%) 30 (10.8%)  

II 359 (80.9%) 210 (75.5%)  

III 46 (10.4%) 38 (13.7%)  

Lymphovascular invasion     0.739

Present 129 (29.1%) 84 (30.2%)  

Absent 315 (70.9%) 194 (69.8%)  

aCEA: carcinoembryonic antigen

Recurrence patterns according to CEA group
Of the 722 patients with recurrent CRC, 90 (12.5%) and 632 (87.5%) presented with local and systemic
recurrence, respectively. There was no signi�cant relationship between the recurrence pattern and the CEA
group (Table 2). Median CEA levels for local and systemic recurrence were 3.5 ng/ml (range, 1.6–
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9.9 ng/ml) and 3.3 ng/ml (range, 1.7–9.1 ng/ml), respectively. Additionally, in the subset analysis of
colon and rectal cancer, no signi�cant relationship between the recurrence pattern and the CEA group
were identi�ed.

Table 2
Systemic and local recurrence according to aCEA level (n = 722)

  Local recurrence Systemic recurrence Total P value

Colorectal cancer

Normal CEA 53 (58.9%) 391 (61.9%) 444 (61.5%) P = 0.587

Abnormal CEA 37 (41.1%) 241 (38.1%) 278 (38.5%)

Colon cancer

Normal CEA 27 (58.7%) 145 (56.27%) 172 (56.6%) P = 0.753

Abnormal CEA 19 (41.3%) 113 (43.8%) 132 (43.4%)

Rectal cancer

Normal CEA 26 (59.1%) 246 (65.8%) 272 (65.1%) P = 0.379

Abnormal CEA 18 (40.9%) 128 (34.2%) 146 (34.9%)

aCEA: carcinoembryonic antigen

Sites of systemic recurrence and sensitivity of the CEA test
Of the 632 patients with systemic recurrence, the lungs (36.2%) and the liver (24.4%) were the most
common sites for recurrence, not including combined recurrence sites. For colon cancer, the liver (30.6%)
was the most common site and the lungs (27.1%) were the second most common. For rectal cancer, the
lungs (42.5%) were the most common and the liver (20.1%) was the second most common. The median
CEA level for recurrence in the peritoneum, combined sites, and liver were 8.0 ng/ml (range, 2.6–
16.6 ng/ml), 5.3 ng/ml (range, 1.9–16.0 ng/ml), and 4.2 ng/ml (range, 1.7–10.9 ng/ml), respectively.
Additionally, the median CEA levels for a recurrence in the para-aortic lymph nodes and lungs were
3.7 ng/ml (range, 2.3–5.9 ng/ml) and 2.4 ng/ml (range, 1.4–4.5 ng/ml), respectively.

The sites of systemic recurrence and the proportion of patients with abnormal CEA levels, representing
CEA sensitivity, are summarized in Fig. 1. For patients with recurrences in the peritoneum, combined sites,
and the liver, the sensitivities of the CEA test were 59.4%, 51.3%, and 44.8%, respectively. These
sensitivities were relatively higher than those in the para-aortic lymph nodes, lungs, and brain, with
sensitivities of 30.4%, 23.6%, and 16.7% (p = 0.008), respectively. In the subset analysis for colon cancer,
the sensitivities of the CEA test were 61.9%, 58.9%, and 53.2% for patients with recurrence in the
peritoneum, combined sites, and liver, respectively. The sensitivities for recurrence in the bone, lung, and
para-aortic lymph nodes were relatively low, at 28.6%, 22.9%, and 22.2%, respectively. For rectal cancer,
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the sensitivities were 54.5%, 50.0%, and 46.9% in patients with recurrence in the peritoneum, bone, and
combined sites, respectively. The sensitivities for recurrence in the liver, para-aortic lymph node, and lungs
were 36.0%, 35.7%, and 23.9%, respectively.

Discussion
The current standard CEA threshold is 5 ng/ml, where any value below this level is generally recognized
as a normal value.[17] After surgical resection, CEA usually progressively falls and returns to normal
levels within 4–6 weeks.[18, 19] Subsequent elevation of CEA level in a patient after surgical resection of
CRC is indicative of tumor recurrence through metastatic disease and is frequently the �rst observed
indication. In the present study, we categorized patients into two CEA groups using the standard threshold
of 5 ng/ml. The proportion of patients in the abnormal CEA group was used to determine the sensitivity
of the CEA test to detect recurrences. We excluded patients with persistent elevation of CEA levels
postoperatively, since it could indicate incomplete surgical resection or the presence of occult metastatic
disease.[20, 21]

The CEA test’s overall sensitivity for detecting recurrence after curative resection in this study was 38.5%.
In a recent Cochrane review investigating blood CEA levels and recurrent CRC detection, the sensitivity for
detecting recurrence after curative resection using a CEA threshold of 5 ng/ml ranged from 43% – 93% in
23 studies, and the pooled sensitivity of these studies was 71%.[17] In another meta-analysis of 20
studies reporting the sensitivity of the CEA test, the pooled estimate using a threshold of 5 ng/ml was
63%.[22] The CEA test’s relatively low sensitivity to tumor recurrence detection in the present study might
be associated with intensive follow-up imaging studies and good patient compliance. Since a semi-
quantitative relationship between CEA levels and tumor volume has previously been described, good
compliance with intensive follow-up examinations allows the tumor to be detected at a low burden.[23]
Due to the low sensitivity of the CEA test to detect recurrences, most national guidelines recommend that
CEA tests be used in conjunction with another mode of diagnosis (such as CT imaging of the thorax,
abdomen, and pelvis).[17] A recent randomized clinical trial determined that measuring blood CEA levels
every 3 to 6 months for 5 years, augmented by a single CT scan at 12 to 18 months, leads to earlier
diagnosis of recurrence and increases the proportion of patients that can be treated with curative intent
about threefold.[24]

The sensitivity of postoperative CEA monitoring for tumor recurrence detection varies according to the
site of recurrence.[14, 25–27] During follow-up, CEA appears to be more sensitive for hepatic and
retroperitoneal metastases and is least sensitive for local recurrences and peritoneal or pulmonary
disease.[28, 29] In the present study, after comparing the sensitivity of CEA tests according to the pattern
of recurrence, whether local or systemic, there was no signi�cant difference found between them. One
possible reason could be the di�culty in discriminating early local recurrence from postoperative
changes at the peri-procedural site radiologically. Due to the distortion of normal architecture and newly
developed �brotic tissues, early local recurrences could be masked or misdiagnosed and may require
serial follow-up, which makes a time to increase the CEA level above normal value. Another possible
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reason could be the relatively high proportion of pulmonary metastases in patients with systemic
recurrence. In previous studies, CEA tests performed to detect pulmonary metastases showed low
sensitivity, and our data showed that metastases con�ned to the lungs accounted for 36.2% of total
systemic recurrences.[28, 29]

Of the sites of systemic recurrence, the sensitivities for detecting peritoneal carcinomatosis and recurrent
hepatic metastasis were relatively high. However, the sensitivities for recurrence in the para-aortic lymph
node and lungs were relatively low. These results were consistent with previous studies. In particular, the
CEA test’s sensitivity for detecting recurrence in the lungs was only 23.6% and the median CEA level was
the lowest of the systemic recurrence sites, at 2.4 ng/ml. In previous studies, the CEA test was not
sensitive to pulmonary recurrence, with reports as low as 15% for solitary pulmonary recurrence.[14, 28,
29] Following radical surgery, most international guidelines recommend intensive follow-up regimens
including CEA tests and CTs. However, these guidelines do not consider differences in CEA sensitivity
according to the sites of recurrence. For pulmonary recurrence in particular, which is a frequent extra-
abdominal metastatic site, annual chest CTs have been recommended after surgery to compensate for
the low sensitivity of CEA testing and should be considered.[6]

In the present study, which considered the primary location of the tumor (colon or rectal cancer), there
were differences in the CEA test’s sensitivity depending on the recurrence site. In colon cancer, the
sensitivity of the CEA test for recurrences in the liver was 53.2%, whereas in rectal cancer, it was 36.0%.
The sensitivity for recurrence in the para-aortic lymph node was 22.2% in colon cancer and 35.7% in rectal
cancer. This result was not found in the current literature, suggesting the need to precisely determine the
surveillance strategy according to the primary tumor location.

We acknowledge the limitations of the present study. First, this was a retrospective study from a single
institution. Therefore, uncontrollable and unknown biases, including recall bias, information bias, and
selection bias may have been present. Second, since we did not include information on smoking status,
alcohol consumption, and other benign conditions that may cause increases in CEA, our �ndings must be
interpreted with caution. Third, since the surgeries were performed over a 10-year span between January
2001 and December 2010, progress in surgical techniques and neoadjuvant/adjuvant chemotherapy
treatment for colorectal cancer were made, which likely in�uenced patient outcomes. Despite these
limitations, however, this study provides a detailed description of recurrence site-speci�c CEA test
sensitivities, revealing the validity of CEA as a surveillance marker according to the pattern of recurrence
in colorectal cancer. Certainly, further studies are needed to increase our knowledge of the diagnostic
value of CEA to better help in managing these patients.

Conclusions
In conclusion, postoperative surveillance using CEA levels may result in different values according to the
site of recurrence. Therefore, a follow-up strategy considering the site-speci�c sensitivity of CEA after
surgery could improve early detection of recurrent CRC.



Page 9/13

Abbreviations
CEA: Carcinoembryonic antigen; CRC: Colorectal cancer; CT: Computed tomography

Declarations

Ethics approval and consent to participate
The study was reviewed and approved by the Severance Hospital Institutional Review Board. Given the
retrospective nature of the study, the IRB waived the requirement for written informed consent. (No. 4-
2018-0505)

Consent for publication

Not applicable.

Availability of data and materials

The datasets used and/or analyzed during the current study are available from the corresponding author
on reasonable request.

Competing interests

The authors declare that they have no competing interests. There was no funding for this study.

Authors’ contributions
GT Noh developed study concept and design and participated in the drafting and revising of manuscript
and interpretation of data. SY Yang participated in the acquisition and analysis of the data. MS Cho, H
Hur, BS Min, and NK Kim participated in the acquisition of data and revising manuscript. KY Lee
developed study concept and design and participated in acquisition, analysis and interpretation of data
and revising manuscript. All authors read and approved the �nal manuscript

Acknowledgements
Not applicable.

References
1. Hostetter RB, Augustus LB, Mankarious R, Chi K, Fan D, Toth C, Thomas P, Jessup JM.

Carcinoembryonic antigen as a selective enhancer of colorectal cancer metastasis. J Natl Cancer



Page 10/13

Inst. 1990;82(5):380–5.

2. Sturgeon CM, Duffy MJ, Stenman U-H, Lilja H, Brünner N, Chan DW, Babaian R, Bast RC, Dowell B,
Esteva FJ. National Academy of Clinical Biochemistry laboratory medicine practice guidelines for use
of tumor markers in testicular, prostate, colorectal, breast, and ovarian cancers. Clinical chemistry.
2008;54(12):e11–79.

3. Duffy MJ. Carcinoembryonic antigen as a marker for colorectal cancer: is it clinically useful? Clinical
chemistry. 2001;47(4):624–30.

4. Duffy M, van Dalen A, Haglund C, Hansson L, Klapdor R, Lamerz R, Nilsson O, Sturgeon C, Topolcan
O. Clinical utility of biochemical markers in colorectal cancer: European Group on Tumour Markers
(EGTM) guidelines. European journal of cancer. 2003;39(6):718–27.

5. Lucha PA Jr, Rosen L, Olenwine JA, Reed JF III, Riether RD, Stasik JJ Jr, Khubchandani IT. Value of
carcinoembryonic antigen monitoring in curative surgery for recurrent colorectal carcinoma.
Diseases of the colon rectum. 1997;40(2):145–9.

�. Meyerhardt JA, Mangu PB, Flynn PJ, Korde L, Loprinzi CL, Minsky BD, Petrelli NJ, Ryan K, Schrag DH,
Wong SL. Follow-up care, surveillance protocol, and secondary prevention measures for survivors of
colorectal cancer: American Society of Clinical Oncology clinical practice guideline endorsement. J
Clin Oncol. 2013;31(35):4465–70.

7. Goldstein MJ, Mitchell EP. Carcinoembryonic antigen in the staging and follow-up of patients with
colorectal cancer. Cancer investigation. 2005;23(4):338–51.

�. Tabuchi Y, Deguchi H, Imanishi K, Saitoh Y. Comparison of carcinoembryonic antigen levels between
portal and peripheral blood in patients with colorectal cancer correlation with histopathologic
variables. Cancer. 1987;59(7):1283–8.

9. Steele G Jr, Ellenberg S, Ramming K, O'Connell M, Moertel C, Lessner H, Bruckner H, Horton J, Schein
P, Zamcheck N. CEA monitoring among patients in multi-institutional adjuvant GI therapy protocols.
Annals of surgery. 1982;196(2):162.

10. Banaszkiewicz Z, Jarmocik P, Frasz J, Tojek K, Mrozowski M, Jawień A. Usefulness of CEA
concentration measurement and classic colonoscopy in follow-up after radical treatment of
colorectal cancer. Polish Journal of Surgery. 2011;83(6):310–8.

11. Carriquiry LA, Piñeyro A. Should carcinoembryonic antigen be used in the management of patients
with colorectal cancer? Diseases of the colon rectum. 1999;42(7):921–9.

12. Destri GL, Greco S, Rinzivillo C, Racalbuto A, Curreri R, Di Cataldo A. Monitoring carcinoembryonic
antigen in colorectal cancer: is it still useful? Surg Today. 1998;28(12):1233–6.

13. McCall JL, Black RB, Rich CA, Harvey JR, Baker RA, Watts JM, Toouli J. The value of serum
carcinoembryonic antigen in predicting recurrent disease following curative resection of colorectal
cancer. Diseases of the colon rectum. 1994;37(9):875–81.

14. Moertel CG, Fleming TR, Macdonald JS, Haller DG, Laurie JA, Tangen C. An evaluation of the
carcinoembryonic antigen (CEA) test for monitoring patients with resected colon cancer. Jama.
1993;270(8):943–7.



Page 11/13

15. Pita-Fernandez S, Alhayek-Ai M, Gonzalez-Martin C, Lopez-Calvino B, Seoane-Pillado T, Pertega-Diaz
S: Intensive follow-up strategies improve outcomes in nonmetastatic colorectal cancer patients after
curative surgery: a systematic review and meta-analysis. Annals of oncology: o�cial journal of the
European Society for Medical Oncology 2015, 26(4):644–656.

1�. Amin MB, Edge S, Greene F, Byrd DR, Brookland RK, Washington MK, Gershenwald JE, Compton CC,
Hess KR, Sullivan DC, Jessup JM, Brierley JD, Gaspar LE, Schilsky RL, Balch CM, Winchester DP,
Asare EA, Madera M, Gress DM, Meyer LR. AJCC Cancer Staging Manual. 8th ed. New York: Springer;
2017.

17. Nicholson BD, Shinkins B, Pathiraja I, Roberts NW, James TJ, Mallett S, Perera R, Primrose JN, Mant
D. Blood CEA levels for detecting recurrent colorectal cancer. Cochrane Database Syst Rev.
2015;12:Cd011134.

1�. Fletcher RH. Carcinoembryonic antigen. Ann Intern Med. 1986;104(1):66–73.

19. Arnaud J, Koehl C, Adloff M. Carcinoembryonic antigen (CEA) in diagosis and prognosis of colorectal
carcinoma. Diseases of the Colon Rectum. 1980;23(3):141–4.

20. Abad A, Font A, Pinol M. Analysis of the clinical prognostic factors in colorectal cancer patients
undergoing curative resection. Proc Am Soc Clin Oncol. 1993;12:693a.

21. Boey J, Cheung H, Lai C, Wong J. A prospective evaluation of serum carcinoembryonic antigen (CEA)
levels in the management of colorectal carcinoma. World journal of surgery. 1984;8(3):279–86.

22. Tan E, Gouvas N, Nicholls RJ, Ziprin P, Xynos E, Tekkis PP. Diagnostic precision of carcinoembryonic
antigen in the detection of recurrence of colorectal cancer. Surg Oncol. 2009;18(1):15–24.

23. Broustein B, Stede G, Ensminger W. The use and limitation of serial plasma carcinoembryonic
antigen (CEA) levels as a monitor of changing metastatic liver tumor volume in patients receiving
chemotherapy. Cancer. 1980;46:266–72.

24. Primrose JN, Perera R, Gray A, Rose P, Fuller A, Corkhill A, George S, Mant D. Effect of 3 to 5 years of
scheduled CEA and CT follow-up to detect recurrence of colorectal cancer: the FACS randomized
clinical trial. Jama. 2014;311(3):263–70.

25. Behbehani A, Al-Naqeeb N, Omar Y, El-Nas S, Al-Deen A, Awwad A, Al-Jazzaf H, Nasralla M,
Szymendera J. Serial determinations of serum CEA in monitoring management of patients with
colorectal carcinoma. Oncology. 1990;47(4):303–7.

2�. Staab H, Anderer F, Hornung A, Stumpf E, Fischer R. Doubling time of circulating cea and its relation
to survival of patients with recurrent colorectal cancer. British journal of cancer. 1982;46(5):773.

27. Beart RW Jr, Metzger PP, O'Connell MJ, Schutt AJ. Postoperative screening of patients with
carcinoma of the colon. Diseases of the Colon Rectum. 1981;24(8):585–8.

2�. Scheer A, Auer RAC. Surveillance after curative resection of colorectal cancer. Clin Colon Rectal Surg.
2009;22(4):242.

29. Tsikitis VL, Malireddy K, Green EA, Christensen B, Whelan R, Hyder J, Marcello P, Larach S, Lauter D,
Sargent DJ. Postoperative surveillance recommendations for early stage colon cancer based on
results from the clinical outcomes of surgical therapy trial. J Clin Oncol. 2009;27(22):3671–6.



Page 12/13

Figures

Figure 1

The proportion of patients with abnormal carcinoembryonic antigen (CEA) presenting with systemic
recurrence after colorectal cancer surgical resections, and the sensitivity of the CEA tests according to the
recurrence site. a: Patients with recurrence and an abnormal CEA test for colorectal cancer; b: Patients
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with recurrence and an abnormal CEA test for colon cancer; c: Patients with recurrence and an abnormal
CEA test for rectal cancer. Combined: synchronous metastatic lesions at more than one site; Others:
lymph node metastasis other than the para-aortic node (i.e., supraclavicular, mediastinal, inguinal node,
etc.), or the spleen, kidney, etc.


