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ABSTRACT

Objective: To investigate the clinical value of 18F-FDG PET-CT in the diagnosis of malignant tumor when serum
carcinoembryonic antigen (CEA) level is elevated for unknown primary lesion.
Study Design: A descriptive study.
Place and Duration of Study: Department of Nuclear Medicine, Luoyang Central Hospital Affiliated to Zhengzhou
University, Henan, China, from March 2015 to March 2017.
Methodology: A total of 120 cases of parallel 18F-FDG PET-CT examination with serum CEA level of patients with
unexplained source examined were chosen. Those with a known disease or with incomplete record of clinical and/or
relevant laboratory examinations were excluded. Pathological examination, results of clinical follow-up and other imaging
tests constituted the clinical value of 18F-FDG PET-CT in the diagnosis of tumor. For patients who had underwent the
determination of serum CEA more than twice, CEA doubling time (DT) was also calculated. The serum CEA level and CEA
DT of benign versus malignant 18F-FDG PET-CT imaging results were compared.
Results: Thirty (25.00%) cases were finally diagnosed as malignant tumors, and 90 (75.00%) cases were excluded
labelled benign condition. There was one false positive case and one false negative case each with 18F-FDG PET-CT
diagnosis. The sensitivity, specificity, accuracy, positive predictive value and negative predictive value were 96.7%, 98.9%,
98.3%, 96.7% and 98.9%, respectively. The serum CEA level of patients with positive 18F-FDG PET-CT imaging was higher
than that of 18F-FDG PET-CT negative patients (p<0.001). The serum CEA DT of patients with positive 18F-FDG PET-CT
imaging was shorter than that of 18F-FDG PET-CT negative patients (p<0.001). The receiver operating characteristic
(ROC) curve analysis showed that the diagnostic efficacy of 18F-FDG PET-CT was best at serum CEA of 14.31 g/L.
Conclusion: 18F-FDG PET-CT imaging has high diagnostic value for patients with elevated serum CEA. For patients with
serum CEA over 14.31 g/L, the diagnostic value of 18F-FDG PET-CT for malignant tumors is more reliable.
Key Words: Positron emission tomography, Fluorodeoxyglucose 18 fluorodeoxyglucose, Carcinoembryonic antigen, Malignant tumor.

INTRODUCTION

Carcinoembryonic antigen (CEA) is a substance
produced by tumor cells and secreted in body fluid. It is
an embryonic carcinogenic antigen and a representative
tumor marker.1 Some patients with symptoms are found
to have serum CEA level increased without a known
primary lesion. An abnormal or progressive increase of
serum CEA level often indicates a malignant tumor.2 At
present, pathological examination is the gold standard
for diagnosis of tumor. However, this invasive
examination can only reflect local conditions and lacks
comprehensiveness.3 18F-FDG PET-CT as a new and
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non-invasive functional imaging technique, it is possible
to evaluate the degree of progression of the tumor in a
comprehensive way with some anatomic localisation of
the site of tumor.4

At present, there are several researches where 18F-FDG
PET-CT is used in patients with elevated serum CEA
after operation of various malignant tumors to monitor
recurrence and metastasis,5 but there are few reports on
the studies on the unknown primary lesion.
The purpose of this study was to evaluate the clinical
value of 18F-FDG PET-CT imaging in patients with the
elevation of serum CEA for unknown primary lesion, and
to analyse the relationship between serum CEA level
and its doubling time (DT) and 18F-FDG PET-CT.

METHODOLOGY

This study was conducted at the Department of Nuclear
Medicine, Luoyang Central Hospital Affiliated with
Zhengzhou University, China, from March 2015 to March
2017. A total of 120 cases, who were found with the
elevation of serum CEA for unknown primary lesion,
were examined with 18F-FDG PET-CT and enrolled in
this study. Inclusive criteria were no previous history of
malignant tumor, no obvious recent symptoms, serum
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CEA level over 5 g/L, conventional ultrasonography,
chest radiography and MRI being negative for a definite
diagnosis. Exclusion criteria were patients who had
cancer, with other serious diseases or with incomplete
record of clinical and/or relevant examinations and those
with elevated CAE with known primary sources. The
study was conducted after approval from the Hospital
Ethical and Research Committee. All the patients signed
Informed Consent before examination.

All patients who had been fasting for more than 6 hours,
and the fasting blood glucose less than 8.0 mmol/L,
were intravenously injected with 18F-FDG according to
the body mass of 5.55 MBq/kg, rested for about one
hour, then scanned with PET-CT scanner from skull
base to the middle of the thigh. CT data were used for
attenuation correction, and the image was reconstructed
by iterative method. The images were read by two senior
nuclear medicine doctors on the SIEMENS MMWP
workstation by semi-quantitative method.

Serum CEA level was detected by automatic electrochemiluminescence immunoanalyser and its matching
reagent. The upper limit of the reference value of serum
CEA level was 5 g/L. For patients who had serum CEA
determination more than two times, DT was calculated
by the most recent two CEA measurements in closest
time to 18F-FDG PET-CT imaging. The calculation
formula is: DT=0.693 x (Day1-Day2)/ (lgCEA1-lgCEA2).
The CEA1 and CEA2 were the CEA of first time and
second time respectively. Day1 and Day2 were the
detected time for two times respectively. The first time
of serum CEA was measured within two weeks before
18F-FDG PET-CT examination.

RESULTS

Among the 120 cases, 68 (56.67%) were males and 52
(43.33%) were females, aged 43-78 years, with mean
age of 62.63 ±2.52 years. By 18F-FDG PET-CT, 30
(25.00%) cases were diagnosed as malignant tumor
(positive result), including 15 (12.50%) cases of lung
cancer, 10 (8.33%) cases of colorectal cancer, three
(2.50%) cases of gastric cancer, and two (1.67%) cases
of thyroid carcinoma. There were 30 (25.00%) positive
results, 90 (75.00%) negative results. One (0.83%) case
each was false-positive and false-negative. PET scan of
all primary tumors showed increased metabolism of
FDG in varying degrees. The corresponding CT findings
were soft tissue nodule or mass shadow. PET finding in
patients with metastatic lesions were similar to those of
primary tumors, i.e. increased metabolism of FDG. The
sensitivity, specificity, accuracy, positive predictive value
and negative predictive value of 18F-FDG PET-CT in
diagnosis of malignant tumors were 96.7%, 98.9%,
98.3%, 96.7% and 98.9%, respectively.

The serum CEA level of patients with positive 18F-FDG
PET-CT result was higher than that of patients with
negative imaging (p < 0.001, Table I). Among the 86
(71.67%) patients who had determination of serum CEA
more than two times, 25 (20.83%) patients had
malignant tumor. Of them, 5 (4.17%) patients had a

The diagnostic effect was evaluated keeping histopathological results as the gold standard, combined with
clinical follow-up and imaging examination to make the
final diagnosis. The sensitivity, specificity and accuracy
of 18F-FDG PET-CT in the diagnosis of malignant
tumors were calculated. Combined with the diagnostic
results of pathology and 18F-FDG PET-CT, the operating
characteristics of subjects (ROC) was drawn according
to the level of CEA, the area under the curve was
calculated and the critical value for diagnosis of CEA
was established.
SPSS version 21.0 was used to analyse, independent
sample t-test for the comparison of CEA level and
CEA DT, and p <0.05 the difference was statistically
significant.

Figure 1: ROC curve of serum CEA in predicting malignant tumor.

Table I: The comparison of CEA levels and CEA DT in patients with different
Imaging results of
18F-FDGPET/C
Positive

Negative
p

Number of cases
of CEA
30

90

CEA (ug/L)

43.56 ±7.05
8.63 ±1.34
<0.001
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Number of cases
of CEA DT
25

61

CEA DT (d)
97.81 ±4.52

984.42 ±8.16
<0.001
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slight decrease and 7 (5.83%) patients remained stable,
13 (10.83%) patients showed progressive elevation. Of
the 61 (50.83%) patients without malignant tumor, 28
(23.33%) cases showed persistent or fluctuating decline,
29 (24.17%) patients remained stable, and four (3.33%)
patients showed progressive elevation. The serum CEA
DT of patients with 18F-FDG PET-CT positive patients
was shorter than that of 18F-FDG PET-CT negative
patients (p < 0.001, Table I).

The AUC that serum CEA predicted malignant tumor
was 0.846 (95%CI: 0.748-0.943). The diagnostic
threshold was 14.31 g/L, and when the sensitivity and
specificity were 85.6% and 87.9%, respectively, the
diagnostic efficiency was the best, as shown in Figure 1.

DISCUSSION

CEA is one of the commonly used tumor markers of
embryonic antigens in clinical practice at present.6 The
molecular weight of CEA is about 150 ~ 300 kD and the
proportion of sugar is up to 45%~55%. It belongs to the
cell surface glycoprotein family. The molecular structure
of CEA is similar with the  heavy chain of immunoglobulin G. So that some scholars define it as a member
of the immunoglobulin superfamily.7 Elevated serum
CEA level may be seen in many benign or malignant
diseases, such as pancreas, stomach, lung and
mammary glands.8 The distribution of lesions in the
whole body can be fully understandable by 18F-FDG
PET-CT scanning, which has the advantage of
unparalleled conventional imaging and higher accuracy. 9
A study found that the sensitivity and specificity of
18F-FDG PET-CT in diagnosing malignant tumors in
patients with elevated CEA were above 85%.10 The
results showed that 30 cases of 120 patients with
elevated serum CEA were diagnosed with malignant
tumors. The sensitivity and specificity of 18F-FDG PETCT was 96.7% and 98.9%, which was consistent with
the report of Li et al.11 The results showed that digestive
tract tumor and lung tumor accounted for the majority
of 30 cases of malignant tumors. In general, if
gastroenteroscopy did not find the primary focus, the
low-dose chest CT should be the first choice. In this
study, 15 cases of lung cancer were examined by 18FFDG PET-CT, 3 cases were examined by chest
radiography, 10 cases had chest CT, none of them was
diagnosed. It was speculated that most of the lesions
were located at the apex of the lung, the hilar lung and
the medial field aorta of the lung are easily missed, and
the malignant signs of the lesions are difficult to
diagnose by CT.12-14 18F-FDG PET-CT can provide
information on both functional metabolism and anatomic
structure, taking advantage of the high glucose
metabolism in malignant tumors, metabolism has been
significantly increased before typical morphologic
changes and was demonstrated by PET. In this study, 30
patients were detected by 18F-FDG PET-CT, which can
912

better guide clinical treatment, including chest and
abdominal tumors, and thyroid carcinoma should be
considered. In this study, neck ultrasound and 18F-FDG
PET-CT did not clearly diagnose medullary thyroid
carcinoma in one patient, which was confirmed by
surgery and histopathology.

Serum CEA level and FDG uptake are correlated with
tumor load.15-17 The results of this study showed that the
level of serum CEA in patients with positive 18F-FDG
PET-CT imaging was higher than that in patients with
negative 18F-FDG PET-CT imaging (p <0.001). Studies
on dynamic changes of serum CEA and 18F-FDG
PET-CT imaging for diagnosis of malignant tumors were
rare. The results showed that the serum CEA DT of the
patients with positive 18F-FDG PET-CT imaging was
shorter than that of the patients with negative 18F-FDG
PET-CT imaging (p <0.001), which was consistent with
the report of Giovanella et al.18 It suggested that the
shorter the serum CEA DT was, the faster the tumor
growth and the easier it was to be detected by 18F-FDG
PET-CT. Relevant data showed that preoperative serum
CEA over 10 g/L in patients with non-small cell lung
cancer was more likely to predict postoperative
recurrence.19 Some researchers thought that serum
CEA over 15 g/L was a high risk factor for brain
metastasis in patients with advanced non-small cell lung
cancer before initial treatment.20 It was found that the
best diagnostic effect could be obtained when the
diagnostic threshold of serum CEA was 14.31 g/L.
18F-FDG

CONCLUSION

PET-CT imaging has high diagnostic value for
differentiating patients with elevated serum CEA from
unknown primary source. For patients with serum CEA
over 14.31 g/L, the diagnostic value of 18F-FDG PET-CT
for malignant tumors is more reliable.

REFERENCES

1. Meng Q, Shi S, Liang C, Liang D, Xu W, Ji S, et al. Diagnostic
and prognostic value of carcinoembryonic antigen in
pancreatic cancer: a systematic review and meta-analysis.
Onco Targets Ther 2017; 10:4591-8.
2. Fischbach W, Kiel HJ. Follow-up of moderately elevated serum
CEA levels in healthy patients. Cancer Detect Prev 1987; 10:
109-12.
3. Lepidi H, Casalta J P, Gouriet F, Collart F, Habib G, Raoult D.
Infective endocarditis incidentally discovered by pathological
examination. J Clin Pathol 2008; 61:233-4.

4. Goense L, Heethuis SE, Psn VR, Fem V, Jjw L, Mgeh L, et al.
Correlation between functional imaging markers derived from
diffusion-weighted MRI and 18F-FDG PET/CT in esophageal
cancer. Nucl Med Commun 2018; 39:60-7.

5. Kim SJ, Lee TH, Kim IJ, Kim YK. Clinical implication of
18F-FDG PET-CTfor differentiated thyroid cancer in patients
with negative diagnostic iodine-123 scan and elevated
thyroglobulin. Eur J Radiol 2009; 70:17-24.

Journal of the College of Physicians and Surgeons Pakistan 2018, Vol. 28 (12): 910-913

18F-FDG

PET-CT in unknown-source of elevated serum carcinoembryonic antigen (CEA) level

6. Verberne CJ, Nijboer CH, de Bock GH, Grossmann I, Wiggers T,
Havenga K. Evaluation of the use of decision-support software
in carcino-embryonic antigen (CEA)-based follow-up of
patients with colorectal cancer. BMC Med Inform Decis Mak
2012; 12:1-5.

7. Khan WN, Teglund S, Bremer K, Hammarström S. The pregnancyspecific glycoprotein family of the immunoglobulin superfamily:
identification of new members and estimation of family size.
Genomics 1992; 12:780-7.
8. Ince AT, Yildiz K, Baysal B, Danalioglu A, Kocaman O, Tozlu M,
et al. Roles of serum and biliary CEA, CA19-9, VEGFR3, and
TAC in differentiating between malignant and benign biliary
obstructions. Turk J Gastroenterol 2014; 25:162-9.

9. Mahmood M, Kendi AT, Ajmal S, Farid S, O'Horo JC,
Chareonthaitawee P, et al. Meta-analysis of 18F-FDG PET-CT
in the diagnosis of infective endocarditis. J Nucl Cardiol 2017:
1-14.

10. Suga T, Nakamoto Y, Saga T, Higashi T, Hara T, Ishizu K, et al.
Prevalence of positive FDG PET findings in patients with high
CEA levels. Ann Nucl Med 2010; 24:433-9.

single pulmonary tuberculous thick-walled cavities. Br J Radiol
2012; 85:147-52.

14. Xie X, Dijkstra AE, Vonk JM, Oudkerk M, Vliegenthart R,
Groen HJ. Chronic respiratory symptoms associated with
airway wall thickening measured by thin-slice low-dose CT.
Am J Roentgenol 2014; 203:383-90.

15. Nagesh CM, Saxena A, Patel C, Karunanithi S, Nadig M,
Malhotra A. The role of 18F fluorodeoxyglucose positron
emission tomography (18F-FDG-PET) in children with
rheumatic carditis and chronic rheumatic heart disease. Nucl
Med Rev Cent East Eur 2015; 18:25-8.
16. Ayan AK, Erdemci B, Orsal E, Bayraktutan Z, Akpinar E,
Topcu A, et al. Is there any correlation between levels of serum
ostepontin, CEA, and FDG uptake in lung cancer patients with
bone metastasis? Rev Esp Med Nucl Imagen Mol 2015; 35:
102-6.

17. Endo K, Oriuchi N, Higuchi T, Iida Y, Hanaoka H, Miyakubo M,
et al. PET and PET-CT using 18F-FDG in the diagnosis and
management of cancer patients. Int J Clin Oncol 2006; 11:
286-96.

11. Li W, Yin W, Ou R, Chen T, Xiong L, Cheng D, et al. The value
of F-18 fluorodeoxyglucose positron emission tomography/
computed tomography in asymptomatic examinees with
unexplained elevated blood carcinoembryonic antigen levels.
Eur J Nucl Med Mol Imaging 2016; 43:675-81.

18. Giovanella L, Trimboli P, Verburg FA, Treglia G, Piccardo A,
Foppiani L, et al. Thyroglobulin levels and thyroglobulin
doubling time independently predict a positive 18F-FDG
PET-CT scan in patients with biochemical recurrence of
differentiated thyroid carcinoma. Eur J Nucl Med Mol Imaging
2013; 40:874-80.

13. Li BG, Ma DQ, Xian ZY, Guan J, Luo KJ, Fan QW, et al. The
value of multislice spiral ct features of cavitary walls in
differentiating between peripheral lung cancer cavities and

20. Zhao WH, Liu YP, Yu QT, Zhou SZ, Song XQ. Analysis of the
related factors of serum CEA level and brain metastases in
patients with advanced non-small cell lung cancer. J Guangxi
Med Univ 2015; 32:401-4.

12. Verberne CJ, Wiggers T, Vermeulen KM, Jong KP. Detection of
recurrences during follow-up after liver surgery for colorectal
metastases: both carcinoembryonic antigen (CEA) and
imaging are important. Ann Surg Oncol 2013; 20:457-63.

19. Zhang ZF, Ma JQ, Sun N, Zhang L. The function of the level of
serum carcinoembryonic antigen on early recurrence of nonsmall cell lung cancer. Chin J Surg 2004; 42:817-9.

Journal of the College of Physicians and Surgeons Pakistan 2018, Vol. 28 (12): 910-913

913

