
Int J Clin Exp Med 2018;11(7):7254-7259
www.ijcem.com /ISSN:1940-5901/IJCEM0076767

Original Article
Efficiency of the combination of 18F-FDG PET/CT, CEA, 
and CA199 in detection of colorectal cancer and  
monitoring postoperative tumor metastasis

Xiaolin Wang1, Zhaoshun Wang2

1Department of Pathology, Weifang Traditional Chinese Hospital, Weifang City, Shandong province, P.R. China; 
2Department of Anus and Intestine Surgery, Weifang People’s Hospital, Weifang City 261041, Shandong province, 
P.R. China

Received March 26, 2018; Accepted May 2, 2018; Epub July 15, 2018; Published July 30, 2018

Abstract: Objective: The aim of this study was to evaluate the efficiency of the combination of 18F-FDG PET/CT, 
carcinoembryonic antigen (CEA), and carbohydrate antigen (CA) 199 in detection of colorectal cancer (CRC) and 
its application in monitoring postoperative tumor metastasis. Methods: From January 2012 to November 2016, 
319 patients, admitted to The Weifang Traditional Chinese Hospital and confirmed as having CRC by biopsy, were 
recruited for this retrospective analysis. They received 18F-FDG PET/CT examination, CEA, and CA199 tests. Addition-
ally, 200 volunteers were also enrolled. During the PET/CT examination, maximum standard uptake value (SUV) of 
lesions was calculated according to the region of interest of lesion site and SUV≥2.5 was adjudicated as the pres-
ence of malignant tumor. Serum CEA>3.4 ng/mL and CA199>27 U/mL were adjudicated as positive CRC results. In 
the combined detection by 18F-FDG PET/CT, CEA, and CA199, SUV equal to or greater than 2.5 and positivity of CEA 
and CA199 were defined as presence of a malignant tumor. The diagnostic efficiency of combining 18F-FDG PET-CT, 
CEA, and CA199 in detecting CRC and its value in monitoring tumor metastasis were analyzed. Results: The results 
of SUV, CEA, and CA199 in CRC patients were remarkably higher than those in normal volunteers (all P<0.001). 
SUV, CEA, and CA199 were highly expressed in patients. Accuracy of the three-modality combination in detection 
of CRC was 92.23%, sensitivity was 96.87%, and specificity was 87.00%, which were superior to those of the single 
modality (P<0.05). Moreover, the three-modality combination had high sensitivity and specificity for monitoring 
postoperative metastasis of tumors. Conclusion: Combination of 18F-FDG PET-CT, CEA, and CA199 in the diagnosis 
of CRC has higher accuracy, sensitivity, and specificity, and it was effective in monitoring postoperative metastasis 
of CRC in patients. Thus, it is worthy of extensive clinical use.
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Introduction

Colorectal cancer (CRC) is a malignant tumor 
rising from the mucosal epithelium of the large 
intestine. It is one of the most frequent malig-
nancies involving the digestive tract [1]. CRC 
occurs, predominantly, in the elderly population 
[2]. Moreover, Sung et al. reported that, in 
recent years, CRC patients have shown a 
younger trend [3]. According to statistical 
results of Liu et al., there were more than 1.2 
million newly-developed cases of CRC world-
wide, in 2015, with a trend of rising morbidity 
[4]. It was also reported that CRC will become 
the most prevalent malignancy worldwide, in 
place of lung and gastric cancers, in the next 
three years [5]. Clinically, CRC is managed by 

surgical resection with adjuvant radiotherapy 
and chemotherapy [6]. Siegel et al. provided 
evidence that management of CRC at an early 
stage is effective and the prognosis is excel-
lent. However, the cancer tended to be neglect-
ed due to its obscure characteristics at early 
stages. Most patients present with moderate or 
advanced stage CRC at diagnosis [7]. With the 
proliferation and metastasis of cancer cells, 
treatment has been increasingly difficult and 
incomplete resections of tumor lesions result  
in poor prognosis of patients [8]. According to 
Tejpar et al., 5-year survival rates are, merely, 
26.8% in patients with CRC [9]. For convention-
al oncological diseases, “early detection and 
treatment” is recommended to improve progno-
sis of patients [10].
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Currently, CRC is more often initially diagnosed 
by relevant tumor markers than by imaging 
tools. It is finally confirmed by pathological 
biopsy in clinical settings. Imaging tools for 
early diagnosis of CRC are still, primarily, CT 
and MRI. Nevertheless, Chapiro et al. argued 
that the sensitivity and specificity of CT and 
MRI in diagnosing CRC are unsatisfactory [11]. 
18F-FDG PET-CT, a new technology integrating 
functional and anatomical imaging, has been 
shown to be of value in detecting various onco-
logical diseases [12-14]. However, few studies 
have explored the diagnosis of CRC in China 
and other countries. In this study, it was pre-
sumed that 18F-FDG PET-CT had high efficiency 
for detecting CRC and the combination of 18F-
FDG PET-CT, carcinoembryonic antigen (CEA), 
and CA199 (cancer biomarkers) could further 
improve efficiency for detecting CRC. Therefore, 
this study aimed to investigate whether the 
combination of 18F-FDG PET-CT, CEA, and CA- 
199 is a more accurate and specific diagnostic 
modality for clinical diagnosis of CRC.

Materials and methods

Study participants

From January 2012 to November 2016, 546 
patients with suspected CRC, according to  
findings on the colonoscopy and their clinical 
symptoms, admitted to The Weifang Traditional 
Chinese Hospital, were recruited for this retro-
spective analysis. Inclusion criteria included: 
patients 40 to 60 years of age if they were con-
firmed as having CRC or benign tumor by biopsy 
in The Weifang Traditional Chinese Hospital; 
patients that did not receive any relevant treat-
ment (surgery, chemotherapy, or hormones) at 
admission; complete clinical records and data 
on relevant tests were available; patients that 
underwent standardized examinations by 18F-
FDG PET/CT, CEA, and CA199. Exclusion crite-

ria included: patients that had comorbidities  
of cardiovascular and cerebrovascular disease 
or other major organ dysfunction; had a history 
of other tumors; patients that were bedridden 
or disabled; patients that had an immunologi-
cal disease; binge eating patients or patients 
referred to another hospital. This study was 
approved by the Medical Ethics Committee of 
Weifang Traditional Chinese Hospital and all 
patients provided written informed consent.

The standard process of PET-CT examination 
was as follows: Gemini PET-CT system (Philips, 
the Netherlands) was applied, with GSO crys-
tals and transverse and vertical resolutions of 
respective 4.8 mm and 4.0 mm. Imaging agent 
used was 18F-FDG (Siemens, Germany) and 
scanning sites were the chest, abdomen, pel-
vis, and perineum. PET emission scans were 
acquired in 3D mode and the details of setting 
parameters are shown in Table 1. PET and CT 
images were fused to acquire transverse,  
sagittal, and coronal PET/CT images.

Standard procedures for determining serum 
content of CEA and CA199 were as follows: 2 
mL of venous blood was extracted from each 
patient and centrifuged (at 3,000 dpm/5 min), 
followed by determination of serum CEA and 
CA199 content by an automated immunoassay 
analyzer (Beckman Coulter, USA). Test images 
were reviewed by four experienced imaging 
chief physicians in a double-blind manner. They 
also evaluated the clinical significance of the 
images.

After retrieval and screening, 519 patients  
met the abovementioned conditions and 319 
of them were confirmed as having CRC upon 
biopsy performed by physicians from the 
Department of Pathology in Weifang Traditional 
Chinese Hospital. The 319 CRC patients were 
assigned to the test group. Among them, 186 
were male and 133 were female, ranging from 
35 to 65 years of age (mean, 44.27±9.62 
years). Rectal cancer was reported in 154 
patients and sigmoid colon carcinoma in 165 
patients; there were 49 cases of stage I, 77 
cases of stage II, 132 cases of stage III, and 61 
cases of sage IV. CRC staging was performed  
in accordance with guidelines listed in the  
AJCC Gastric Cancer Staging System in 2010 
[15]. In contrast, the remaining 200 patients 
were confirmed with benign colorectal tumors 
and enrolled in the control group.

Table 1. PET-CT parameter setting
Parameter

Matrix 128*128
Scan duration 3 min
Axial scan visual field 15 cm
Slice thickness 5 mm
Slice gap 3 mm
Current 120 kV
Voltage 200 mA
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Information retrieval

Information was retrieved by browsing the avail-
able electronic medical records and checking 
results of the tests. The pooled information 
included their basic data (age, sex, place of 
residence, marital status, smoking, drinking, 
exercise, and body weight), serum CEA and 
CA199 concentrations, maximum standardized 
uptake value (SUV) for PET-CT, biopsy and path-
ological findings, as well as metastasis profile 
within, 1 year after surgery.

ng/mL, and CA199>27 U/mL as presence of 
malignant tumor [16].

Statistical analysis

Data were processed using SPSS statistical 
software, version 22.0. Count data are pre- 
sented as rates and compared by Chi-square 
tests. Measurement data are described as 
mean ± SD and compared with application of 
two independent samples t-tests. Specificity 
and sensitivity were compared between the 
two groups by Chi-square test. P<0.05 was 
deemed to indicate statistical significance.

Results

Clinical characteristics of patients

Patients in the test group and control group 
were well-matched in clinical data including 
age, sex, place of residence, marital status, 
smoking and drinking habits, exercise habits, 
and body weight (all P>0.05), indicating that 
they were comparable (Table 2).

18F-FDG PET/CT, CEA, and CA199 findings

SUV values of the test group were remarkably 
higher than the control group (7.82±2.16 vs. 
1.42±1.02; t=39.24, P<0.001), as were the val-
ues of CEA (35.14±12.15 ng/mL vs. 8.54±2.08 
ng/mL, t=30.67, P<0.001) and CA199 (58.87± 

Table 2. Clinical characteristics of patients in the test group and 
control group (n, %)

Characteristics Test group 
(n=319)

Control group 
(n=200) X2 P

Age (year) <44 118 (37.0) 68 (34.0) 0.48 0.489
≥44 201 (63.0) 132 (66.0)

Sex Male 186 (58.3) 121 (60.5) 0.24 0.621
Female 133 (41.7) 79 (39.5)

Place of residence Urban 164 (51.4) 104 (52.0) 0.02 0.896
Rural 155 (48.6) 96 (48.0)

Marital status Married 264 (82.8) 168 (84.0) 0.14 0.713
Single 55 (17.2) 32 (16.0)

Smoking Yes 209 (65.5) 130 (65.0) 0.01 0.904
No 110 (34.5) 70 (35.0)

Drinking Yes 218 (68.3) 136 (68.0) 0.001 0.936
No 101 (31.7) 64 (32.0)

Exercise Yes 132 (41.4) 86 (43.0) 0.13 0.716
No 187 (58.6) 114 (57.0)

Body weight (KG) <70 125 (39.2) 72 (36.0) 0.53 0.467
≥70 194 (60.8) 128 (64.0)

Figure 1. SUV, CEA, and CA199 findings of the test 
group and control group. The values of SUV, CEA, 
and CA199 in the test group were (7.82±2.16), 
(35.14±12.15) ng/mL, and (58.87±21.26) U/
mL, respectively; those in the control group were 
(1.42±1.02), (8.54±2.08) ng/mL, and (12.33±4.62) 
U/mL, respectively; *P<0.001, comparison of the 
findings of the SUV test between the two groups; 

#P<0.001, comparison of the findings of the CEA test 
between the two groups; &P<0.001, comparison of 
the findings of CA199 test between the two groups.

Outcome measures

Outcomes were the diagnostic 
efficiency of combination of  
SUV, CEA, and CA199 for rectal 
cancer and predictive value of 
combination of SUV, CEA, and 
CA199 for postoperative me- 
tastasis of rectal cancer. Other 
outcomes included differences 
among SUV, CEA, and CA199 in 
diagnosis of various tumor ty- 
pes, lesion types, and pathologi-
cal stages. Cutoff values for all 
indexes were defined based on 
the findings of Niekel et al., 
shown as follows: SUV≥2.5 was 
adjudicated as presence of ma- 
lignant tumor; CEA>3.4 ng/mL 
as presence of malignant tu- 
mor; CA199>27 U/mL as pres-
ence of malignant tumor; co- 
mbination of SUV≥2.5, CEA>3.4 
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21.26 U/mL vs. 12.33±4.62 U/mL; t=30.50, P< 
0.001). Of note, 18F-FDG PET/CT, CEA, CA199 
values of the test group were highly express- 
ed (Figure 1).

Diagnostic efficiency assessment

For the 519 participants, the diagnostic effi-
ciency of single tests of 18F-FDG PET-CT, CEA, 
and CA199 and the three-modality combina-
tion are shown in Tables 3-6 and Figure 2.

Diagnostic efficiency of the three-modality 
combination in detection of postoperative 
metastasis

Of the 319 cases of confirmed CRC, 88 patients 
were detected with postoperative metastasis. 
Three-modality (CEA, CA199, and 18F-FDG PET-
CT) combination was used for detecting pati- 
ents with or without postoperative metastasis 
and the cut-off value was defined as 86.13. 
With the cut-off value as the threshold, 81 
cases of postoperative metastasis of tumors 

olism is also reduced. In this case, images with 
more evenly–distributed 18F-FDG are shown on 
18F-FDG PET-CT. The fusion of images by 18F-
FDG PET-CT with those by CT can not only effec-
tively detect the metabolism of tumor tissues 
but also yield better images of the pathological 
changes around the lesions. Consequently, 18F-
FDG PET-CT demonstrates good performance 
in monitoring postoperative tumor metastasis 
in patients. This is consistent with the results of 
a study by Paspulati et al. in which 18F-FDG PET-
CT was applied for detecting liver cancer in 
patients. It also provided evidence supporting 
the presumptions of the current study [19]. CEA 
may have different degrees of abnormal expres-
sion in blood. It is an optimum indicator for 
early detection of development and progres-
sion of tumors, thus, it is frequently utilized as 
a preferable marker for cancer diagnosis by 
combining multiple imaging tools. CEA is high- 
ly expressed in most cancerous tissues, with 
high sensitivity but low specificity. CA199 is a 
protein generated by rectal cells, belonging to 
the family of tumor-associated oligosaccharide 

Table 3. CEA diagnostic efficiency
Biopsy (+) Biopsy (-) Total

CEA (+) 255 100 355
CEA (-) 64 100 164
Total 319 200 519

Table 4. CA199 diagnostic efficiency
Biopsy (+) Biopsy (-) Total

CA199 (+) 256 86 342
CA199 (+) 63 114 177
Total 319 200 519

Table 5. 18F-FDG PET-CT diagnostic efficiency
Biopsy (+) Biopsy (-) Total

18F-FDG PET-CT (+) 257 71 328
18F-FDG PET-CT (-) 62 129 191
Total 319 200 519

Table 6. Diagnostic efficiency of the three-modality 
combination

Biopsy (+) Biopsy (-) Total
Three-modality combination (+) 309 26 335
Three-modality combination (-) 10 174 184
Total 319 200 519

were detected by the three-modality com-
bination, with a diagnostic accuracy rate  
of 92.05% (Table 4).

Discussion

In the present study, 18F-FDG PET-CT 
detection demonstrated that SUV, CEA, 
and CA199 were all highly expressed in 
CRC patients. Accuracy, sensitivity, and 
specificity of the combination of 18F-FDG 
PET-CT, CEA, and CA199 were superior to 
those of any one of the three modalities  
in detection of CRC. Furthermore, the 
three-modality combination yielded opti-
mum efficiency for detecting postopera-
tive tumor metastasis in patients, imply- 
ing that the three-modality combination 
could be employed as an excellent indica-
tor for clinical diagnosis of CRC and moni-
toring postoperative tumor metastasis in 
patients. The rationale for 18F-FDG PET-CT 
imaging is that glucose metabolism is ele-
vated in tumor tissues and 18F-FDG PET-CT 
shows a high sensitivity to the metabolism 
of tumor tissues. In the process of tumor 
proliferation, images of local accumulation 
of 18F-FDG tracer due to uptake can be 
formed on 18F-FDG PET-CT [17, 18]. During 
tumor treatment, tumor cell proliferation in 
the lesion tissue is attenuated and metab-
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antigens. Expression of CA199 is primarily ele-
vated in pancreatic and gastrointestinal malig-
nancies. Bacac et al. have proven that combi-
nation of CEA and CA199 has good sensitivity 
and specificity in diagnosis of early colorectal 
cancer [20]. For patients with CRC stages III 
and IV, dissemination of lesions and tumor cells 
and metastasis of lymph nodes lead to more 
significant elevation in cancer markers. In the 
present study, there were no significant differ-
ences in CEA and CA199 levels between pa- 
tients with CRC of stages III and those with IV. It 
was speculated that expression of the cancer 
markers had reached cutoff values, hence, the 
increase was not significant. As a result, the 
combination of 18F-FDG PET-CT, CEA, and CA- 
199 is of value in diagnosis of early CRC.

However, there were still some limitations to 
this study, due to insufficient experimental con-
ditions such as a small sample size. The possi-
bility that 18F-FDG PET-CT findings and that lev-
els of CEA and CA199 might be different among 
CRC patients with different ages and genders 
cannot be ruled out. Therefore, longer periods 
of investigation and follow ups are necessary to 
confirm the results of this study. 

References

[1] Siegel RL, Miller KD, Fedewa SA, Ahnen DJ, 
Meester RGS, Barzi A and Jemal A. Colorectal 
cancer statistics, 2017. CA Cancer J Clin 2017; 
67: 177-193.

[2] Arnold M, Sierra MS, Laversanne M, Soerjo-
mataram I, Jemal A and Bray F. Global patterns 
and trends in colorectal cancer incidence and 
mortality. Gut 2017; 66: 683-691.

[3] Sung JJ, Ng SC, Chan FK, Chiu HM, Kim HS, 
Matsuda T, Ng SS, Lau JY, Zheng S, Adler S, 
Reddy N, Yeoh KG, Tsoi KK, Ching JY, Kuipers 
EJ, Rabeneck L, Young GP, Steele RJ, Lieber-
man D and Goh KL. An updated Asia Pacific 
consensus recommendations on colorectal 
cancer screening. Gut 2015; 64: 121-132.

[4] Liu S, Zheng R, Zhang M, Zhang S, Sun X and 
Chen W. Incidence and mortality of colorectal 
cancer in China, 2011. Chin J Cancer Res 
2015; 27: 22-28.

[5] Wang S, Xiang J, Li Z, Lu S, Hu J, Gao X, Yu L, 
Wang L, Wang J, Wu Y, Chen Z and Zhu H. A 
plasma microRNA panel for early detection of 
colorectal cancer. Int J Cancer 2015; 136: 
152-161.

[6] US Preventive Services Task Force, Bibbins-
Domingo K, Grossman DC, Curry SJ, Davidson 
KW, Epling JW Jr, García FAR, Gillman MW, 
Harper DM, Kemper AR, Krist AH, Kurth AE, 

Figure 2. Findings of the combination of 18F-FDG PET-CT, CEA, and CA199, 
as well as those of the three modalities alone in detection of CRC in the ROC 
curve analysis. The sensitivity and specificity of CEA test for detecting CRC 
were 79.94% and 50.00%, respectively; those of CA199 test were 80.25% 
and 57.00%, respectively; those of 18F-FDG PET-CT test were 80.56% and 
64.50%; those of the three-modality combination were 96.87% and 87.00%, 
respectively.

In summary, combination of 
18F-FDG PET-CT, CEA, and 
CA199 was associated with 
high accuracy, sensitivity, and 
specificity in diagnosis of 
CRC. This combination yield-
ed a better result in monitor-
ing postoperative tumor me- 
tastasis of CRC patients. 
Thus, it is worthy of extensive 
use in clinical settings.

Disclosure of conflict of inter-
est

None.

Address correspondence to: Zh- 
aoshun Wang, Department of 
Anus and Intestine Surgery, Wei- 
fang People’s Hospital, No. 151 
Guangwen Street, Kuiwei Dis- 
trict, Weifang City 261041, Sh- 
andong province, P.R. China. Tel: 
+86-13780804501; E-mail: zha-
oshunwang03@163.com

mailto:zhaoshunwang03@163.com
mailto:zhaoshunwang03@163.com


Combination of 18F-FDG PET/CT, CEA, and CA199 in detection of colorectal cancer

7259 Int J Clin Exp Med 2018;11(7):7254-7259

Landefeld CS, Mangione CM, Owens DK, Phil-
lips WR, Phipps MG, Pignone MP, Siu AL. 
Screening for colorectal cancer: US preventive 
services task force recommendation state-
ment. JAMA 2016; 315: 2564-2575.

[7] De Rosa M, Pace U, Rega D, Costabile V, Dura-
turo F, Izzo P and Delrio P. Genetics, diagnosis 
and management of colorectal cancer (Re-
view). Oncol Rep 2015; 34: 1087-1096.

[8] Calon A, Lonardo E, Berenguer-Llergo A, Es-
pinet E, Hernando-Momblona X, Iglesias M, 
Sevillano M, Palomo-Ponce S, Tauriello DV, By-
rom D, Cortina C, Morral C, Barcelo C, Tosi S, 
Riera A, Attolini CS, Rossell D, Sancho E and 
Batlle E. Stromal gene expression defines 
poor-prognosis subtypes in colorectal cancer. 
Nat Genet 2015; 47: 320-329.

[9] Tejpar S, Stintzing S, Ciardiello F, Tabernero J, 
Van Cutsem E, Beier F, Esser R, Lenz HJ and 
Heinemann V. Prognostic and predictive rele-
vance of primary tumor location in patients 
with RAS wild-type metastatic colorectal can-
cer: retrospective analyses of the CRYSTAL and 
FIRE-3 trials. JAMA Oncol 2016; [Epub ahead 
of print].

[10] Lievre A, Bachet JB, Le Corre D, Boige V, Landi 
B, Emile JF, Cote JF, Tomasic G, Penna C, Du-
creux M, Rougier P, Penault-Llorca F and Lau-
rent-Puig P. KRAS mutation status is predictive 
of response to cetuximab therapy in colorectal 
cancer. Cancer Res 2006; 66: 3992-3995. 

[11] Chapiro J, Duran R, Lin M, Schernthaner R, 
Lesage D, Wang Z, Savic LJ and Geschwind JF. 
Early survival prediction after intra-arterial 
therapies: a 3D quantitative MRI assessment 
of tumour response after TACE or radioemboli-
zation of colorectal cancer metastases to the 
liver. European Radiology 2015; 25: 1993-
2003.

[12] Pizzi MN, Roq A, Fernández-Hidalgo N, Cuéllar-
Calabria H, Ferreira-González I, Gonzàlez-Alu-
jas MT, Oristrell G, Gracia-Sánchez L, González 
JJ and Rodríguez-Palomares J. Improving the 
diagnosis of infective endocarditis in prosthet-
ic valves and intracardiac devices with 18F-Flu-
ordeoxyglucose positron emission tomogra-
phy/computed tomography angiography: initial 
results at an infective endocarditis referral 
center. Circulation 2015; 132: 1113.

[13] Weber WA, Gatsonis CA, Mozley PD, Hanna LG, 
Shields AF, Aberle DR, Govindan R, Torigian DA, 
Karp JS, Yu JQ, Subramaniam RM, Halvorsen 
RA and Siegel BA. Repeatability of 18F-FDG 
PET/CT in advanced non-small cell lung can-
cer: prospective assessment in 2 multicenter 
trials. J Nucl Med 2015; 56: 1137-1143.

[14] Siegel RL, Miller KD and Jemal A. Cancer sta-
tistics, 2016. CA Cancer J Clin 2016; 66: 7-30.

[15] Washington K. 7th edition of the AJCC cancer 
staging manual: stomach. Ann Surg Oncol 
2010; 17: 3077-3079.

[16] Niekel MC, Bipat S and Stoker J. Diagnostic im-
aging of colorectal liver metastases with CT, 
MR imaging, FDG PET, and/or FDG PET/CT: a 
meta-analysis of prospective studies including 
patients who have not previously undergone 
treatment 1. Radiology 2010; 257: 674-684.

[17] Van Blarigan EL and Meyerhardt JA. Role of 
physical activity and diet after colorectal can-
cer diagnosis. J Clin Oncol 2015; 33: 1825-
1834.

[18] Li Y, Zheng Q, Bao C, Li S, Guo W, Zhao J, Chen 
D, Gu J, He X and Huang S. Circular RNA is en-
riched and stable in exosomes: a promising 
biomarker for cancer diagnosis. Cell Res 2015; 
25: 981-984.

[19] Paspulati RM, Partovi S, Herrmann KA, Krish-
namurthi S, Delaney CP and Nguyen NC. Com-
parison of hybrid FDG PET/MRI compared with 
PET/CT in colorectal cancer staging and re-
staging: a pilot study. Abdom Imaging 2015; 
40: 1415-1425.

[20] Bacac M, Fauti T, Sam J, Colombetti S, Weinzi-
erl T, Ouaret D, Bodmer W, Lehmann S, Hofer T, 
Hosse RJ, Moessner E, Ast O, Bruenker P, 
Grau-Richards S, Schaller T, Seidl A, Gerdes C, 
Perro M, Nicolini V, Steinhoff N, Dudal S, Neu-
mann S, von Hirschheydt T, Jaeger C, Saro J, 
Karanikas V, Klein C and Umana P. A novel  
carcinoembryonic antigen T-Cell bispecific an-
tibody (CEA TCB) for the treatment of solid tu-
mors. Clin Cancer Res 2016; 22: 3286-3297.


