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Abstract
Objective: This study aimed to determine the relationship between the tumor load and carcinoembryonic antigen (CEA) positivity by
comparing CEA positivity and volume-based positron emission tomography/computed tomography (PET/CT) preoperative parameters in
patients with colorectal cancer.
Methods: This retrospective study included a total of 87 patients with colorectal cancer who underwent PET/CT between January 2018 and
December 2019 and had simultaneous CEA measurements. CEA level ≥5 ng/mL was accepted as positive. Patients who underwent surgery
or received chemotherapy/radiotherapy were excluded from the study. The maximum standardized uptake value (SUVmax), metabolic tumor
volume (MTV), and total lesion glycolysis (TLG) values were calculated using 18fluoro-fluorodeoxyglucose PET/CT images of the patients.
Results: CEA was positive in 43 (49.4%) patients. The site of the primary lesion was the rectum in 40 (46%) patients, sigmoid colon in 19
(21.8%), ascending colon in 14 (16.1%), descending colon in 9 (10.3%), transverse colon in 3 (3.4%), hepatic flexure in 1 (1.1%), and descendingsigmoid colon junction in 1 (1.1%). No significant association was noted between the intestinal segment of the primary lesion and CEA
positivity (p=0.878). Moreover, no significant difference was found among SUVmax, MTV, and TLG values of the primary tumor and CEA
positivity (p=0.611, p=0.980, and p=0.527, respectively).
Conclusion: Preoperatively, no significant relationship was found between CEA positivity and volume-based PET/CT parameters, specifically
MTV and TLG, in patients with colon cancer. CEA positivity in the preoperative period has low diagnostic effectiveness independent of the
tumor load.
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INTRODUCTION
Colorectal cancer is the third leading cancer type and one of the
most common causes of cancer-related deaths (1). Colorectal
cancers are diagnosed by colonoscopic and histopathological
examination, and tumor markers are important for screening
and detecting recurrences. Carcinoembryonic antigen (CEA) is
one of the main tumor markers used in diagnosing colorectal
cancers (2,3). CEA has a glycoprotein structure, and preoperative
and postoperative measurements of its serum level have been
considered clinically useful (4).

fluoro-fluorodeoxyglucose (18F-FDG) positron emission
tomography/computed tomography (PET/CT) is a frequently
used imaging method for metabolic characterization, staging,
treatment response evaluation, radiotherapy planning, and
restaging of colorectal cancers (5). The maximum standardized
uptake value (SUVmax) measured with 18F-FDG PET/CT is a
preoperative prognostic factor for patients with colorectal cancer
(6). Recently, some volume-based metabolic parameters such
as the metabolic active tumor volume (MTV) and total lesion
glycolysis (TLG) have also been studied as prognostic factors (7,8).
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To our knowledge, only a limited number of studies have
investigated the relationship between serum CEA levels and
volume-based PET/CT parameters in patients with colorectal
cancer, and most of these studies focused on recurrence
assessment (9,10). Thus, in the present study, we aimed to
determine the relationship between the tumor load and CEA
positivity by comparing preoperative period CEA positivity and
volume-based PET/CT parameters in patients with colorectal
cancer.

METHODS
This retrospective study included 87 patients with colorectal
cancer who underwent PET/CT and had simultaneous CEA
measurements between January 2018 and December 2019 at
the department of nuclear medicine in Gazi Yasargil Training
and Research Hospital. Overall, 23 patients were female and 64
were male, and their mean age was 56.7±15.44 years. Patients
with an interval of more than 1 week between CEA measurement
and 18F-FDG PET/CT and patients with distant organ and lymph
node metastases found in PET/CT were excluded from the study.
Patients with M0 and N0 status were included in the study.
Participant selection was performed during the preoperative
period. Furthermore, patients who received chemotherapy/
radiotherapy were excluded. All patients who met the inclusion
criteria were consecutively included in the study. SUVmax, MTV,
and TLG values were calculated by using the 18F-FDG PET/CT
images of these patients. Collected data and CEA results were
compared statistically.
This study was conducted in accordance with the local good
clinical practice guidelines and current legislations. Permission
was obtained from the Institutional Ethics Committee of the
University Health Science Turkey of Gazi Yasargil Training and
Research Hospital for the use and publication of patient data
(protocol no: 435/2020).
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mm; pitch, 1.4; rotation time, 0.5 s; slice thickness, 3.3 mm;
matrix size, 512×512. Then, 2.5 min bedside PET images were
obtained at three-dimensional FOV of 20 cm, ordered subset
expectation-maximization algorithm of 5 iterations/12 subsets,
and full width at half maximum of 3 mm.
Analysis of Images
All 18F-FDG PET/CT images were evaluated using PET volume
computerized assisted reporting software (GE Advantage
Workstation software version AW 4.7, USA) by two nuclear
medicine specialists with at least 10 years of experience. The
volumetric region of interest was drawn manually from the
primary lesion in the colon or rectum in three planes, and the
lesion and automatic MTV, TLG (MTV × SUVmean), and SUVmax
values were obtained by the device for each lesion using 40%
SUV threshold (Figure 1).
Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics for
Windows version 25.0 (IBM Corp., Armonk, NY). The normality of
continuous variables was evaluated by the Shapiro-Wilk-Francia
test, and variance homogeneity was evaluated by Levene test.
For the comparison of two independent groups in terms of
quantitative data, independent-samples t-test was used together
with Bootstrap results, while the Mann-Whitney U test was
used with Monte Carlo simulation technique. Fisher’s exact test
results were used to compare categorical data, while the FisherFreeman-Halton test was used with Monte Carlo simulation
results. The correlation analysis of the variables was performed
by Spearman’s rho test. Quantitative variables are expressed as

F-FDG PET/CT Imaging Protocol
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All patients were instructed not to eat at least 6 h before the
intervention, and intravenous administration of glucose was
stopped. Before the injection of 18F-FDG, blood glucose values
were confirmed to be ≤140 mg/dL by finger stick measurement
method. Moreover, 60 min after the injection of 3.5-5.5 MBq/kg
18
F-FDG, CT was performed from the supine position using the
Discovery IQ 4 ring 20 cm axial field of view (FOV) PET/CT scanner
(GE Healthcare, Milwaukee, WI, USA) in the supine position, from
the vertex to the middle of the thigh. The scanning parameters
were as follows: Tube voltage, 120 kV; tube current, 80 mAs/slice;
FOV, 700 mm, transaxial without gap; collimation, 64×0.625

Figure 1. A 39-year-old female patient with sigmoid colon
adenocarcinoma. Primary tumor metabolic tumor volume, 85.71 cm3;
primary tumor total lesion glycolysis, 849.9 g/mL × cm3; primary tumor
SUVmax, 29.67; carcinoembryonic antigen, 47.4 ng/mL
SUVmax: Maximum standardized uptake value
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mean ± standard deviation and median (minimum-maximum),

No significant association was noted between the intestinal

and categorical variables are shown as n (%). Variables were

segment involving the primary lesion and CEA positivity

examined at a 95% confidence level, and p<0.05 was considered

(p=0.878). No significant difference was also noted among
SUVmax, MTV, and TLG values of the primary tumor and CEA

significant.

positivity (p=0.611, p=0.980, p=0.527, respectively) (Table 1).

RESULTS

No significant correlation was found in Spearman’s correlation

CEA was positive in 43 (49.4%) patients (Table 1). No significant

test between CEA levels and PET parameters (p>0.05) (Table 2).

difference was noted in CEA positivity with respect to age and gender
(p=0.150, p=0.811, respectively). The site of the primary lesion was

DISCUSSION

distributed as follows: Rectum, 40 (46%) cases; sigmoid colon, 19

Few studies have compared serum levels of CEA and volume-

(21.8%) cases; ascending colon, 14 (16.1%) cases; descending colon, 9

based PET/CT parameters in patients with colorectal cancer,

(10.3%) cases; transverse colon, 3 (3.4%) cases; hepatic flexure, 1(1.1%)

and most of these have focused on evaluation of recurrence

case; and descending-sigmoid colon junction, 1 (1.1%) case (Table 1).

(9,10). Thus, in the present study, we aimed to determine the

Table 1. Comparison of CEA positivity and negativity with age, gender, lesion site, metabolic parameters, and volume-based PET/CT
parameters
CEA
Total

-

+

(n=87)

(n=44)

(n=43)

Mean ± SD

Mean ± SD

Mean ± SD

56.7±15.44

54.3±14.78

59.1±15.91

n (%)

n (%)

n (%)

Female

23 (26.4)

11 (25.0)

12 (27.9)

0.811fe

Male

64 (73.6)

33 (75.0)

31 (72.1)

-

Ascending colon

14 (16.1)

8 (18.2)

6 (14.0)

0.878ff

Hepatic flexure

1 (1.1)

1 (2.3)

0 (0.0)

-

Descending colon

9 (10.3)

4 (9.1)

5 (11.6)

-

Descending colon-sigmoid

1 (1.1)

0 (0.0)

1 (2.3)

-

Rectum

40 (46.0)

21 (47.7)

19 (44.2)

-

Sigmoid colon

19 (21.8)

8 (18.2)

11 (25.6)

-

Transverse colon

3 (3.4 )

2 (4.5)

1 (2.3)

-

Age

p

0.150t

Gender

Lesion location

Median (min-max)

Median (min-max)

Median (min-max)

Primary TM MTV

34.8 (3.2-256)

32.935 (3.2-183)

34.8 (3.43-256)

0.980u

Primary TM TLG

263.7 (12.3-3164)

240.65 (13.1-2642)

332.9 (12.3-3164)

0.527u

17.7 (6.3-62.8)

16.82 (6.7-62.8)

18.4 (6.3-42.2)

0.611u

Primary TM SUVmax

Independent-samples t-test (Bootstrap), Fisher exact test (exact), Fisher-Freeman-Halton test (Monte Carlo), Mann-Whitney U test (Monte Carlo), CEA: Carcinoembryonic
antigen, SD: Standard deviation, Min: Minimum, Max: Maximum, MTV: Metabolic tumor volume, PET/CT: Position emission tomography/computed tomography, SUVmax:
Maximum standardized uptake value, TLG: Total lesion glycolysis, TM: Tumor

t

fe

u

f

Table 2. Correlation between CEA level and metabolic and volume-based PET/CT parameters
Primary tumor MTV
CEA U/mL

Primary tumor TLG

Primary tumor SUVmax

r

p

r

p

r

p

0.034

0.758

0.119

0.272

0.149

0.168

Spearman correlation, CEA: Carcinoembryonic antigen, SUVmax: Maximum standardized uptake value, MTV: Metabolic tumor volume, TLG: Total lesion glycolysis
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relationship between tumor load and CEA positivity by comparing
CEA positivity and volume-based PET/CT parameters of patients
with colorectal cancer in the preoperative period.
In the present study, CEA positivity was not associated with age
and gender. Moreover, the sensitivity of serum CEA level in the
diagnosis of colorectal cancer was 49.4%. In a previous study,
Dbouk et al. (11) reported that CEA had diagnostic sensitivity
of 58.3%, which was relatively higher than our findings. This
difference was considered due to the difference in the cutoff
values for CEA positivity used in our study (5 ng/mL) and in their
study (3.8 ng/mL) and the fact that a higher sensitivity is expected
with the use of lower cutoff values (11).
In the present study, 46% of the tumoral lesions were detected
in the rectum, 33.2% in the descending-sigmoid colon junction,
3.4% in the transverse colon, 1.1% in the hepatic flexure, and
16.1% in the ascending colon. Similarly, Siregar and Sibarani (12)
evaluated tumor localization in colorectal cancer and reported
that lesions were predominantly located in the rectum and leftsided colon.
Moreover, we observed no significant correlation between CEA
positivity and the intestinal segment of the primary lesion.
Siregar and Sibarani (12) reported that the highest CEA level was
found in the rectum among the segments of the large intestine.
Although their results appear different from our findings, the data
compared are not exactly the same.
F-FDG PET/CT is now considered a powerful tool for the evaluation
and follow-up of patients with cancer. In a retrospective study, Shi
et al. (6) examined 107 patients and found that the SUVmax value
and TNM classification obtained in PET/CT were independent
predictors of survival, while SUVmax values ≤11.85 were associated
with better survival. However, another study showed that a high
SUVmax value in patients with resectable colorectal cancer was
not significantly related with tumor recurrence and diseasefree survival (13). The tumor markers CEA and CA 19-9 were also
considered to show low diagnostic performance, while high CA
19-9 levels along with PET/CT use were considered to indicate
poor prognosis (14). Vallam et al. (15) reported that PET/CT is a
significant tool in the detection of recurrent disease during
follow-up, independent of serum CEA levels, and the probability
of disease recurrence is directly proportional to the value of the
increased CEA level. Another study reported the recurrence rates
of 10%, 45%, 70%, 94%, and 100% for serum CEA levels of <5,
5.1-10, 10.1-15, 15.01-50, and >50 ng/mL, respectively (16). In
addition, PET/CT scan performed in all of these patients revealed
sensitivity, specificity, positive predictive, and negative predictive
values of 92.7%, 95.2%, 96.2%, and 90.9%, respectively (15).
18
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The consensus report by the College of American Pathologists in
1999 accepted that the tumor volume did not have a prognostic
significance (category 4), but serum CEA levels gained prognostic
significance (category 1) (16).
Limited studies have shown the correlation between volumebased PET/CT parameters and tumor markers. In a study of
489 patients, Kim et al. (17) did not find a correlation between
pretreatment serum CEA levels and tumor volume on magnetic
resonance. Similarly, in our study, no significant correlation was
found between the preoperative serum CEA level and MTV, TLG,
and SUVmax values of the primary tumor. However, similar to
previous reports, our findings indicate the likelihood of serum
CEA levels to increase in the preoperative period (12,18). Although
some studies have reported that CEA positivity is not related to
the tumor, tumor diameter, and TNM classification, many studies
have stated that the preoperative serum CEA levels are related
to the prognosis (18-22). In a retrospective study of patients with
stage 2 colorectal carcinoma, Spindler et al. (19) revealed that
serum CEA levels were considered to change the risk classification
by contributing to the distinctive features of patients and help
the management of additional treatments. In addition, Margalit
et al. (20) evaluated patients with stage I and II colon cancer and
stated that serum CEA level ≥2.35 ng/mL can be used to predict
the prognosis (13). In another study, preoperative CEA levels ≥5
ng/mL were reported to be independent prognostic factor for
overall survival, disease-free survival, and recurrence detection
and to be associated with a high risk of mortality (21,22).
Although the combined use of serum CEA levels and imaging
methods increases the diagnostic sensitivity of colorectal
carcinomas, many recent studies have found that postoperative
serum CEA levels are clinically more valuable than its preoperative
levels (23-25). Caglar et al. (10) analyzed patients with recurrent
colorectal cancer and reported that all quantitative PET/CT
parameters (i.e., SUVmax, TLG, and MTV) demonstrate a positive
correlation with serum CEA levels (10).
Study Limitations
This study is limited by its retrospective design, small number of
patients, and lack of data on comparison between benign and
malign lesions in terms of CEA positivity.

CONCLUSION
In conclusion, our findings revealed no significant correlation
between CEA positivity and volume-based PET/CT parameters
(MTV and TLG) in the preoperative period of colon cancer.
Although CEA positivity is considered useful in predicting
recurrence in the postoperative period and is associated with
165
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tumor burden, it has low diagnostic efficacy in the preoperative
period independent of tumor burden.
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