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Limited usefulness of serum
carcinoembryonic antigen

and carbohydrate antigen

19-9 levels for gastrointestinal
and whole-body cancer screening

Masau Sekiguchi®%3*! & Takahisa Matsuda®>3

The diagnostic performance of serum carcinoembryonic antigen (CEA) and carbohydrate antigen

(CA) 19-9 levels for multiple-organ cancer screening has not been fully elucidated. However, they

are widely used for real-world opportunistic screening of multiple-organ cancers. This study aimed

to examine the diagnostic performance of these serum markers in multiple-organ cancer screening.
Data from asymptomatic individuals subjected to opportunistic cancer screening were analyzed. The
diagnostic performance of CEA and CA 19-9 was assessed for (A) upper/lower gastrointestinal cancers
and (B) whole-body cancers (including both gastrointestinal and other organ cancers) using the results
of upper/lower gastrointestinal endoscopy and whole-body imaging as reference. Data from 12,349
and 7616 screened individuals were used to assess the diagnostic performance of CEA and CA 19-9 for
(A) and (B), respectively. For (A), the sensitivity and positive predictive value (PPV) of CEA (cut-off:

5 ng/mL) were 7.8% and 3.7%, respectively; those of CA19-9 (cut-off: 37 U/mL) were 7.4% and 2.7%,
respectively. For (B), the sensitivity and PPV of CEA were 6.6% and 4.1%, respectively, and those of
CA19-9 were 10.8% and 5.8%, respectively. Considering even multiple cancers, the sensitivity and
PPV of CEA and CA 19-9 were low, thus confirming their limited usefulness in multiple-organ cancer
screening.

Cancer is the leading cause of death worldwide, and much effort is being put into cancer screening’. Noninvasive
screening tests that can detect multi-organ cancers simultaneously are ideal; serum tumor markers, which can be
easily analyzed via blood sampling, have been expected to be useful for multi-organ cancer screening. However,
almost no serum tumor markers are currently reccommended for cancer screening®. Serum carcinoembryonic
antigen (CEA) and carbohydrate antigen (CA) 19-9 are the most common tumor markers targeting multiple
cancers, including colorectal cancer, gastric cancer, pancreaticobiliary cancer, lung cancer, and breast cancer;
they are used in cancer care as prognostic markers and markers for the monitoring of response to therapy and
recurrence®. However, both markers are not recommended by any guidelines for cancer screening, due to their
low sensitivity for single-cancer detection at an early stage®~°.

Nevertheless, till date, the tumor markers CEA and CA19-9 are widely used for real-world opportunistic
cancer screening in several countries including Japan’~1°. One of the main reasons for their use may be the
ambiguous expectation for their usefulness, since they theoretically allow multiple-organ cancer screening.
Of note, as mentioned above, the sensitivity of these markers is reportedly low considering each single-organ
cancer; however, their diagnostic potential to simultaneously screen multi-organ cancers has not been fully
assessed®"!!. In this context, the utility of these markers for cancer screening may have been underestimated:
the assessment of the diagnostic performance for a single-organ cancer does not allow the extrapolation for the
multi-organ cancers’ context. Reliable data on the diagnostic performance of these tumor markers as modalities
for whole-body cancer screening are therefore warranted, in order to understand whether these markers are
useful for cancer screening.

1Cancer Screening Center, National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo 104-0045,
Japan. 2Division of Screening Technology, Center for Public Health Sciences, National Cancer Center, Tokyo,
Japan. *Endoscopy Division, National Cancer Center Hospital, Tokyo, Japan. *“email: masekigu@ncc.go.jp

Scientific Reports |

(2020) 10:18202 | https://doi.org/10.1038/s41598-020-75319-8 nature research


http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-020-75319-8&domain=pdf

www.nature.com/scientificreports/

Hence, this study aimed to elucidate the diagnostic performance of serum CEA and CA19-9 for multi-organ
cancer screening via the analysis of data obtained from a large number of asymptomatic screened individuals.
Their diagnostic abilities for gastrointestinal (GI) cancers, which were reportedly their major target cancers,
and whole-body cancers (including not only GI cancers but also cancers of organs other than the GI tract) were
assessed by analyzing the data of the screened individuals who underwent tumor marker measurements, esoph-
agogastroduodenoscopy (EGD), total colonoscopy (CS), computed tomography (CT) colonography (CTC), and
those who further underwent whole-body imaging tests such as 18-fluoro-2-deoxyglucose positron emission
tomography (FDG-PET)*"".

Methods

Study design and population. The present study was performed using data retrieved from a database of
asymptomatic individuals who underwent cancer screening at the Cancer Screening Center of the National Can-
cer Center (NCC), Tokyo. Since the foundation of the Cancer Screening Center in February 2004, opportunistic
screening for whole-body cancers using multiple modalities has been provided for asymptomatic individuals
and the screening results have been prospectively accumulated in the database'?™*>.

Two analyses (1 and 2) were performed. The diagnostic performance of the tumor markers for GI cancer
screening (analysis 1) and whole-body cancer screening (analysis 2) was assessed. Among the individuals who
underwent cancer screening at the Cancer Screening Center for the first time between February 2004 and
December 2018, the data of those who underwent both upper GI (EGD) and lower GI (CS or CTC) examina-
tions, in addition to CEA and CA19-9 serum levels’ measurements were used for analysis 1. In analysis 2, the data
of those who further underwent the whole-body FDG-PET test (combined with CT), in addition to EGD, CS/
CTC, and CEA/CA19-9 levels’ measurements were used. Principally, they also underwent chest CT, abdominal
ultrasonography, and sputum cytology; females among the screened individuals further underwent examinations
for breast cancer (mammary ultrasonography, mammography, and palpation) and transvaginal examinations'.
The data of screened individuals who had a previous history of cancer treatment, refused to participate in the
study, and/or were subjected to incomplete examinations were excluded.

Measurement of tumor marker levels and cancer screening procedures. Cancer screening pro-
cedures for each individual were conducted for two consecutive days'>-1. Blood samples for the determination
of tumor marker levels were collected on the first day, and EGD and CS or CTC were performed on the second
day, after fasting and bowel preparation. Bowel preparation was performed according to an appropriate method
based on the procedures (CS or CTC) as described previously!>- 141617,

For individuals who underwent both EGD and CS, these two endoscopic procedures were performed con-
tinuously on the same day. During the endoscopic procedures, an antiperistaltic (10 mg scopolamine butylbro-
mide or 0.5 mg glucagon) was injected intravenously, except when it was contraindicated'*'*!8, Based on each
examinee’s request, a sedative agent (17.5-35 mg pethidine hydrochloride or 2-10 mg midazolam) was also
used. Before EGD, 100 mL of solution containing 1 g of Pronase and 1 g of sodium bicarbonate was adminis-
tered to the examinees to remove mucus and bubbles from the mucosa of the upper GI tract!®. For EGD and CS
observations, image-enhanced endoscopy, including chromoendoscopy, was routinely performed. In addition,
magnification was used for high-quality diagnosis during CS'2**. All lesions that appeared potentially malignant
were examined histopathologically.

For individuals undergoing whole-body imaging examinations, FDG-PET, chest CT, abdominal ultrasonogra-
phy, sputum cytology, mammary palpation and ultrasonography, mammography, and transvaginal examinations
were performed on the first day'>!>18-20, The FDG-PET examination was conducted according to the Japanese
FDG-PET guidelines published by the Japanese Society of Nuclear Medicine (https://jsnm.org/useful/guidelines
). A significantly higher round or oval focal accumulation of FDG than the background level was considered a
positive finding'>?°. When a positive finding was obtained, an examinee was referred to a hospital for further
work-up examinations.

All the screening procedures were performed by experienced specialists, also responsible for their interpreta-
tion, and the consequent diagnoses!'>~2°.

The cut-off values for CEA and CA19-9 positivity were set at 5 ng/mL and 37 U/mL, respectively, according
to previous studies; values higher than cut-off ones were considered positive in the tumor marker tests>*!. EGD,
CS/CTC, as well as the remaining tests were performed in a blinded manner to the results of the tumor markers.

Assessment of the diagnostic performance of serum CEA and CA19-9 levels in the screening of
Gl cancer (analysis 1) and whole-body cancer (analysis 2). In analysis 1, the diagnostic performance
of the tumor markers was assessed based on the results of the marker measurement and the information of upper
and lower GI cancers detected by EGD and CS/CTC. Because EGD and CS/CTC are established as useful modal-
ities to accurately detect upper and lower GI cancers, respectively, the results of these modalities were used*~>>.

All upper and lower GI cancers were confirmed pathologically. For upper GI cancers, considering the reported
target of the tumor markers, their diagnostic performance for gastric cancer and other adenocarcinomas (esopha-
geal and duodenal cancers), excluding esophageal squamous cell carcinoma, were evaluated*'!. For lower GI
cancers, their diagnostic performance for colorectal cancer was evaluated. After obtaining their pathological diag-
nosis following treatment, the diagnostic accuracy of the tumor markers for GI cancers according to the depth
of invasion (all including intramucosal cancer/cancer with invasion to submucosa or deeper) was also assessed.

In analysis 2, the results of the tumor marker measurements and those of cancers detected by EGD, CS/CTC,
FDG-PET, and other previously mentioned screening tests were compared. GI, pancreaticobiliary, lung, breast,
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thyroid, gynecological, and bladder cancers were assessed, and their diagnoses were pathologically confirmed
in the work-up examination and treatment after screening.

Association of participant characteristics and presence of cancer with tumor markers’ posi-
tivity. The relationships between tumor markers’ positivity (CEA >5 ng/mL, CA19-9>37 U/mL) and the
characteristics of the screened individuals [age, sex, body mass index (BMI), and smoking and alcohol drinking
status] were assessed using the data obtained from analysis 2. They were evaluated after adjusting for the effects
of other characteristics and the presence of cancers.

The association between the presence of GI/ whole-body cancers and tumor markers’ positivity was also
evaluated after adjusting for the effect of the participants’ characteristics.

Statistical analysis. For assessing the diagnostic performance of the tumor markers, sensitivity, specific-
ity, positive predictive value (PPV), and negative predictive value (NPV) were calculated with 95% confidence
intervals (CIs). The cut-off values for the tumor markers used included the previously mentioned values used
in the daily practice (CEA: 5 ng/mL and CA19-9: 37 U/mL) and additionally twice these values (CEA: 10 ng/
mL and CA19-9: 74 U/mL)*'". The diagnostic performance of the tumor markers for cancer diagnosis was also
examined using receiver operating characteristic curves and c-statistics.

The association of the participant characteristics and presence of cancers with the tumor markers’ positiv-
ity was evaluated using the chi-square test. Multivariate logistic regression was also performed to estimate the
adjusted odds ratio (OR) of each factor for tumor markers’ positivity.

All statistical analyses were performed using the SPSS software (version 26.0; IBM Corp., Armonk, NY,
USA), and EZR, version 1.50 (Saitama Medical Center, Jichi Medical University, Japan), which is a graphical
user interface for R (The R Foundation for Statistical Computing, Vienna, Austria)®.

Ethics approval and consent to participate. This study was approved by the Ethics Committee for
Clinical Research of the National Cancer Center Hospital in Tokyo, Japan (2016-166). We conducted this study
in accordance with the Declaration of Helsinki. Informed consent was obtained from each participant.

Results

Characteristics of the study participants. The flowchart included as Fig. 1 explains the selection pro-
cess of the data used in this study. Data collected from 12,349 screened individuals were used to perform analysis
1. Among them, data obtained from 7616 individuals were used for analysis 2. The characteristics and tumor
markers’ measurements of the study participants are summarized in Table 1. The proportions of positive CEA
(>5 ng/mL) and CA19-9 (>37 U/mL) were approximately 4% and 5%, respectively. The numbers and propor-
tions of individuals with cancers are also described in Table 1. In analysis 1, 230 individuals (1.9%) had upper or
lower GI cancers (gastric cancer, duodenal cancer, and colorectal cancer). In analysis 2, 213 individuals (2.8%)
had at least one of whole-body cancers (GI, pancreatic, lung, breast, thyroid, gynecological, or bladder cancer).
No esophageal adenocarcinoma and biliary cancer were detected.

Diagnostic performance of the tumor markers for Gl cancer screening (analysis 1).  The results
on the diagnostic performance of the tumor markers for GI cancer screening are summarized in Table 2. The
c-statistics of the markers for the cancers were low, ranging between 0.51 and 0.63. Even with GI cancers, the
median marker values were lower than the cut-off values for positivity. The sensitivity and PPV of the tumor
markers for GI cancers were also very low; those of CEA (cut-off: 5 ng/mL) for upper/lower GI cancers were
7.8% and 3.7%, respectively, and those of CA19-9 (cut-off: 37 U/mL) were 7.4% and 2.7%, respectively. Even
when the high cut-off values were adopted (CEA: 10 ng/mL, and CA19-9: 74 U/mL), the PPVs were still low:
11.8% and 4.9%, for CEA and CA19-9, respectively.

Diagnostic performance of the tumor markers for whole-body cancer screening (analysis
2). Table 3 summarizes the results of the diagnostic performance of the tumor markers for whole-body cancer
screening. All c-statistics of the tumor markers for the examined cancers were lower than 0.7, except the value of
CA19-9 for pancreatic cancer (0.85, n=4). The tumor markers had very low sensitivity and PPV for whole-body
cancers; those of CEA (cut-off: 5 ng/mL) were 6.6% and 4.1%, respectively, and those of CA19-9 (cut-off: 37 U/
mL) were 10.8% and 5.8%, respectively. Even with the high cut-off values of the tumor markers (CEA: 10 ng/
mL, CA19-9: 74 U/mL), PPV were still low for whole-body cancers: the PPV of CEA and CA19-9 were 13.2%
and 14.5%, respectively.

Combined use of the tumor markers for Gl and whole-body cancer screening (analyses 1 and
2). The numbersand proportions of GI and whole-body cancers, as per the results of the combined use of CEA
and CA19-9 for cancer screening are given in Table 4. Even when both the markers were positive (CEA >5 ng/
mL and CA19-9>37 U/mL), the PPV for GI and whole-body cancers were very low (3.0% and 4.4%, respec-
tively). However, when the higher CEA and CA19-9 cut off levels were considered (>10 ng/mL, and >74 U/mL,
respectively), the PPVs were high; of note, in this context, the number of cases was low.

Association of participant characteristics and presence of cancer with tumor markers’ positiv-
ity. The association of participant characteristics and presence of cancer with tumor markers’ positivity is
summarized in Table 5.
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17,991 asymptomatic individuals who underwent opportunistic cancer screening
for the first time at Cancer Screening Center, National Cancer Center, Tokyo, Japan

between February 2004 and December 2018

Inclusion

v Underwent tumor marker (CEA and CA19-9) examinations

v Underwent upper Gl endoscopy

v Underwent complete lower Gl endoscopy or CT colonography

Exclusion
v History of cancer treatment (n = 1,689)
v’ Refusal of participation in the study (n = 506)

Y

Data obtained from 12,349 asymptomatic individuals who underwent examinations of
tumor markers, and upper and lower Gl imaging were used in analysis 1

Inclusion

v Underwent FDG-PET and other whole-body imaging
examinations

v

Data obtained from 7,616 asymptomatic who further underwent FDG-PET
and other whole-body imaging examinations were used in analysis 2

Figure 1. Flowchart of selection of the data used in this study. CA19-9 carbohydrate antigen 19-9, CEA
carcinoembryonic antigen, CT computed tomography, FDG-PET 18-fluoro-2-deoxyglucose positron emission
tomography, GI gastrointestinal.

Age (> 60 years) and “currently smoking” status were identified as independent risk factors for CEA positivity;
particularly the latter was a strong risk factor with an adjusted OR of 5.4 (95% CI 4.0-7.2). However, the presence
of at least one GI cancer and at least one cancer in the whole body were not significantly associated with CEA
positivity after adjusting for other factors.

Age (> 60 years), sex (female), BMI (< 25 kg/m?), and ex-/non-alcohol drinking habits were significantly
associated with CA 19-9 positivity. Moreover, the presence of at least one cancer in the whole body was associ-
ated with CA19-9 positivity even after adjusting for other factors, with an adjusted OR of 2.2 (95% CI 1.4-3.4).

Discussion

The present study explored the diagnostic performance of the tumor markers CEA and CA19-9 in GI and
whole-body cancer screening, and clearly demonstrated their very low sensitivities and PPV even when target-
ing multiple GI and whole-body cancers instead of single-organ cancers. The use of these tumor markers is
not recommended for the screening of single cancers such as colorectal cancer, pancreatic cancer, etc. in any
guidelines*®. However, they are widely used in real-world opportunistic cancer screening in several countries,
with ambiguous expectations for their usefulness as screening modalities for whole-body cancers. Of note, in
several countries, including Japan, the work-up examinations following abnormal findings on these tumor mark-
ers are conducted under the national health insurance funding. Our findings pertaining to the highly limited
usefulness of these markers as multiple-cancer screening modalities indicate the necessity of reconsidering their
use in real-world cancer screening.

A limited number of studies have examined the utility of these tumor markers as whole-body cancer screening
modalities and suggested their limited usefulness®'°. Our study confirmed their limited usefulness based on the
assessment of data collected from a large number of asymptomatic screened individuals, including the results
of high-quality endoscopic and multiple whole-body examinations, such as EGD, CS, CTC, FDG-PET, chest
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All study participants (for analysis 1)

Study participants who underwent whole-
body imaging (for analysis 2)

n=12,349 n=7616
Age, years old, median (interquartile range) 58 (50-64) 59 (52-65)
Sex, n (%)
Male 7894 (63.9) 4919 (64.6)
Female 4455 (36.1) 2697 (35.4)

BMI, kg/m? median (interquartile range)

23.1(21.2-25.1)

23.3(21.3-25.3)

n (%)

Smoking, n (%)

Current smoker 1658 (13.4) 1059 (13.9)
Ex-smoker 4466 (36.1) 2794 (36.7)
Non-smoker 6232 (50.4) 3763 (49.4)
Alcohol drinking, n (%)

Current drinker 9047 (73.3) 5495 (72.2)
Ex-/non-drinker 3302 (26.7) 2121 (27.8)
CEA value, ng/mL, median (interquartile 1.8 (12-2.8) 1.8 (1.2-2.8)
range)

CEA value range, n (%)

>10 ng/mL 51(0.4) 38(0.5)
>5and <10 ng/mL 436 (3.5) 306 (4.0)
<5 ng/mL 11,862 (96.1) 7272 (95.5)
g:;gef value, U/mL, median (interquartile 9(6-16) 9(6-17)
CA19-9 value range, n (%)

>74 U/mL 82(0.7) 55(0.7)
>37and<74 U/mL 548 (4.4) 343 (4.5)
<37 U/mL 11,719 (94.9) 7,228 (94.9)
Number of individuals with gastric cancer, 88 (0.7) 63(0.8)

T1a*/others

60 (0.5)/28 (0.2)

41(0.5)/22(0.3)

Number of individuals with colorectal cancer,
n (%)

142 (1.1)

85(1.1)

Tis*/others

107 (0.9)/35 (0.3)

64 (0.8)/21 (0.3)

Number of individuals with duodenal cancer,
n (%)

1(0.0)

1(0.0)

Tis*/others 1 (0.0)/0 (0.0) 1 (0.0)/0 (0.0)
Number of individuals with pancreatic cancer, | 4(0.1)

n (%) .
Tis*/others - 0(0.0)/4 (0.1)

Number of individuals with lung cancer, n (%)

18 (0.2)

Tis*/others

1(0.0)/17 (0.2)

Number of individuals with breast cancer,
n (%)

27 (0.4)

Tis*/others - 11 (0.1)/16 (0.2)
Number of individuals with other cancers, _ 18 (02)

n (%)

Thyroid cancer - 7(0.1)
Gynecological cancer - 6(0.1)

Bladder cancer - 5(0.1)

Table 1. Characteristics of the study participants. *T classification is based on the TNM classification of

malignant tumors by Union for International Cancer Control, 8th ed. CA19-9 carbohydrate antigen 19-9, CEA
carcinoembryonic antigen.

CT, abdominal ultrasonography and breast imaging that were used as a reference. To the best of our knowledge,
this is the first report to confirm the limited usefulness of these tumor markers as multiple-cancer screening
modalities based on the results of a variety of reliable diagnostic examinations.

Another strength of this study is the fact that not only the diagnostic performance (sensitivity, specificity,
PPV, and NPV) of the tumor markers was evaluated based on standard cut-off values, but also other informative
findings were obtained. First, this study clarified that the PPV’ of these markers do not increase sufficiently even
when more conservative cut-off values are considered (twice the standard values). This emphasizes the difficulty
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mL, median (IQR)

Gastric cancer Colorectal cancer Upper/lower GI cancer
Cancer with Cancer with Cancer with
invasion to invasion to invasion to
submucosa or submucosa or submucosa or No upper or lower
deeper All deeper All deeper All GI cancer
n=28 n=88 n=35 n=142 n=63 n=230 n=12,119
CEA
Number of individu-
als according to the
CEA range, ng/mL
>10 2 2 2 4 4 6 45
>5and<10 0 5 2 7 2 12 424
<5 26 81 31 131 57 212 11,650
CEA value, ng/mL,
median (IGR) 2.0(1.5-3.2) 2.1 (1.5-3.4) 2.3 (1.6-3.9) 2.1(1.5-3.3) 2.1(1.6-3.6) 2.1(1.5-3.4) 1.8 (1.2-2.7)
(Cg';f/:téslt)“ of CEA 1 57 (0.46-0.67) 0.60 (0.54-0.66) 0.63 (0.54-0.72) 0.58 (0.53-0.63) 0.60 (0.53-0.67) 0.59 (0.55-0.63) -
Diagnostic accuracy
of CEA (cut-off 5 ng/
mL)
Sensitivity 7.1% 8.0% 11.4% 7.7% 9.5% 7.8% -
Specificity 96.1% 96.0% 96.1% 96.1% 96.1% 96.1% -
PPV 0.4% 1.4% 0.8% 2.3% 1.2% 3.7% -
NPV 99.8% 99.3% 99.7% 98.9% 99.5% 98.2% -
Diagnostic accuracy
of CEA (cut-off
10 ng/mL)
Sensitivity 7.1% 2.3% 5.7% 2.8% 6.3% 2.6% -
Specificity 99.6% 99.6% 99.6% 99.6% 99.6% 99.6% -
PPV 3.9% 3.9% 3.9% 7.8% 7.8% 11.8% -
NPV 99.8% 99.3% 99.7% 98.9% 99.5% 98.2% -
CA 19-9
Number of individu-
als according to the
CA19-9 range, U/mL
>74 2 3 1 1 3 4 78
>37 and<74 3 6 4 7 7 13 535
<37 23 79 30 134 53 213 11,506
CA19-9value, U/ 115 5 (73 pg5) 11.0(7.0-18.8) 8.0 (4.0-14.0) 8.5 (5.0-15.0) 9.0 (5.0-18.0) 10.0 (6.0-18.0) 9.0 (6.0-16.0)

C-statistic of CA19-
9 (95%CI)

0.60 (0.49-0.72)

0.56 (0.51-0.62)

0.55 (0.45-0.66)

0.52 (0.48-0.57)

0.52 (0.44-0.60) 0.51 (0.48-0.55)

Diagnostic accuracy

of CA19-9 (cut-off

37 U/mL)

Sensitivity 17.9% 10.2% 14.3% 5.6% 15.9% 7.4% -
Specificity 94.9% 94.9% 94.9% 94.9% 95.0% 94.9% -
PPV 0.8% 1.4% 0.8% 1.3% 1.6% 2.7% -
NPV 99.8% 99.3% 99.7% 98.9% 99.5% 98.2% -
Diagnostic accuracy

of CA19-9 (cut-off

74 U/mL)

Sensitivity 7.1% 3.4% 5.7% 1.4% 4.8% 1.7% -
Specificity 99.4% 99.3% 99.3% 99.3% 99.4% 99.4% -
PPV 2.4% 3.7% 1.2% 1.2% 3.7% 4.9% -
NPV 99.8% 99.3% 99.7% 98.9% 99.5% 98.2% -

Table 2. Diagnostic performance of the tumor markers in gastrointestinal cancer screening (analysis 1).
CA19-9 carbohydrate antigen 19-9, CEA carcinoembryonic antigen, NPV negative predictive value, PPV
positive predictive value.

to use these markers as screening modalities regardless of the cut-off values. Second, the discriminatory abilities
of these markers for cancers were examined via c-statistics analysis. The c-statistics of these markers for GI and
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‘Whole-body cancer
GI cancer Pancreatic cancer | Lung cancer Breast cancer All No cancer
n=148 n=4 n=18 n=27 n=213 n=7,403
CEA
Number of individuals according to the CEA range, ng/mL
>10 3 0 2 0 5 33
>5and<10 7 0 1 0 9 297
<5 138 4 15 27 199 7,073
gﬁgig’:l(‘;al;‘f/ mL, 2.3 (1.4-3.4) 2.4 (1.9-3.8) 2.6 (2.0-3.5) 1.8 (1.1-2.7) 2.1(1.5-3.3) 1.8 (1.2-2.8)
C-statistic of CEA 0.58 (0.54-0.63) | 0.68 (0.50-0.85) 0.69 (0.59-0.79) | 0.47 (0.35-0.58) | 0.57 (0.53-0.61) | -
Diagnostic accuracy of CEA (cut-off 5 ng/mL)
Sensitivity 6.8% 0.0% 16.7% 0.0% 6.6% -
Specificity 95.5% 95.5% 95.5% 95.5% 95.5% -
PPV 2.9% 0.0% 0.9% 0.0% 4.1% -
NPV 98.1% 99.9% 99.8% 99.6% 97.3% -
Diagnostic accuracy of CEA (cut-off 10 ng/mL)
Sensitivity 2.0% 0.0% 11.1% 0.0% 2.3% -
Specificity 99.5% 99.5% 99.5% 99.5% 99.6% -
PPV 7.9% 0.0% 5.3% 0.0% 13.2% -
NPV 98.1% 100.0% 99.8% 99.6% 97.3% -
CA19-9
Number of individuals according to the CA19-9 range, U/mL
>74 4 0 0 1 8 47
>37 and<74 7 1 2 4 15 328
<37 137 3 16 22 190 7,028
S_f:ji}?&glﬁ;’ U/mlL 10.0 (6.0-16.8) 27.0 (15.8-39.8) 14.5 (9.5-22.0) 12.0 (8.0-26.0) 11.0 (6.0-20.0) 9.0 (6.0-16.0)
C-statistic of CA19-9 | 0.51 (0.46-0.55) | 0.85 (0.72-0.98) 0.68 (0.58-0.78) | 0.65 (0.55-0.75) | 0.56 (0.52-0.59) |-
Diagnostic accuracy of CA19-9 (cut-off 37 U/mL)
Sensitivity 7.4% 25.0% 11.1% 18.5% 10.8% N
Specificity 94.8% 94.8% 94.8% 94.8% 94.9% -
PPV 2.8% 0.3% 0.5% 1.3% 5.8% -
NPV 98.1% 100.0% 99.8% 99.7% 97.4% -
Diagnostic accuracy of CA19-9 (cut-off 74 U/mL)
Sensitivity 2.7% 0.0% 0.0% 3.7% 3.8% -
Specificity 99.3% 99.3% 99.3% 99.3% 99.4% -
PPV 7.3% 0.0% 0.0% 1.8% 14.5% -
NPV 98.1% 100.0% 99.8% 99.7% 97.3% -

Table 3. Diagnostic performance of the tumor markers in whole-body cancer screening (analysis 2). CA19-9

carbohydrate antigen 19-9, CEA carcinoembryonic antigen, GI gastrointestinal cancer, NPV negative predictive
value, PPV positive predictive value.

whole-body cancers were low, indicating that their discriminatory abilities are limited. Only the c-statistics of
CA19-9 for pancreatic cancer were relatively high (0.85), indicating its potential discriminatory ability for this
particular cancer. However, the discriminatory ability of this marker is difficult to be confirmed because of the
small number of pancreatic cancer cases (n=4) studied, and considering that most of the pancreatic cancer cases
(3 out of 4) showed normal CA19-9 levels; therefore CA19-9 may not satisfactorily detect pancreatic cancer, as
described in the guidelines and in previous studies*°. Third, the diagnostic performance of the combined use
of CEA and CA19-9 was also examined. Interestingly, even when both markers were positive, the number of
asymptomatic screened individuals diagnosed with any kind of cancer was still very low. On the contrary, some
individuals with cancer showed normal levels of both markers. This said [despite the limited number of cases
(n=3)], this study suggests that when both markers show very high values (CEA > 10 ng/mL and CA19-9 >74
U/mL), the possibility of having cancer may be high.

Furthermore, the baseline characteristics of the screened individuals were assessed for their relationships
with tumor markers’ positivity. Consistently with the results of previous studies, smoking was strongly associ-
ated with CEA positivity?”?®. In addition, the relationships between other factors and tumor markers positiv-
ity were elucidated, as summarized in Table 5. These findings indicate the difficulty of using these markers as
screening modalities because of the effect of other baseline characteristics. After adjusting for the effect of other
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Analysis 1 Analysis 2
Individuals
with GI cancer
(with invasion | Individuals Individuals Individuals Individuals Individuals
Total number | to submucosa | with GI cancer | Total number | with GI cancer | with pancreatic | with lung with breast Individuals
of individuals | or deeper) (all) of individuals | (all) cancer cancer cancer with all cancer
CEA>10 ng/mL
and CA19-9>74 | 3 2 (66.7%) 2 (66.7%) 2 2 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (100.0%)
U/mL
CEA>5ng/mL
and CA19-9>37 | 67 2(3.0%) 2(3.0%) 45 2 (4.4%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (4.4%)
U/mL
CEA<5ng/mL
and CA19-9<37 11,299 49 (0.4%) 197 (1.7%) 6919 129 (1.9%) 3 (0.0%) 13 (0.2%) 22 (0.3%) 178 (2.6%)
U/mL
Table 4. Combined use of the tumor markers in gastrointestinal and whole-body cancer screening. CA19-9
carbohydrate antigen 19-9, CEA carcinoembryonic antigen, GI gastrointestinal.
CEA CA19-9
Proportion of individuals with Proportion of individuals with
CEA>5 Adjusted Odds ratio | Adjusted P value | CA19-9>37 Adjusted Odds ratio | Adjusted P value
Age, years <0.001 0.017
=60 5.9% 2.2 (1.7-2.7) 6.0% 1.3 (1.0-1.6)
<60 3.3% 1 4.5% 1
Sex 0.211 <0.001
Male 5.2% 1.2 (0.9-1.6) 3.9% 1
Female 3.2% 1 7.7% 1.8 (1.4-2.3)
BMI, kg/m? 0.141 0.002
>25 4.2% 0.8 (0.6-1.1) 3.5% 1
<25 4.7% 1 5.9% 1.5 (1.2-2.0)
Smoking
Current smoker 12.5% 5.4 (4.0-7.2) <0.001 3.9% 0.9 (0.6-1.3) 0.507
Ex-smoker 3.9% 1.3 (1.0-1.8) 0.100 4.3% 1.0 (0.8-1.3) 0.919
Non-smoker 2.8% 1 6.3% 1
Alcohol drinking 0.851 0.007
Current drinker 4.7% 1.0 (0.7-1.3) 4.4% 1
Ex-/non-drinker 4.0% 1 7.3% 14 (1.1-1.7)
GI cancer 0.737 0.188
Present 6.8% 1.1 (0.6-2.2) 7.4% 1.5(0.8-2.8)
Absent 4.5% 1 5.2% 1
All cancer 0.475 0.001
Present 6.6% 1.2 (0.7-2.2) 10.8% 2.2(1.4-34)
Absent 4.5% 1 5.1% 1

Table 5. Association of participant characteristics and presence of cancer with tumor markers’ positivity.
CA19-9 carbohydrate antigen 19-9, CEA carcinoembryonic antigen, GI gastrointestinal.

characteristics, no significant relationships were observed between GI and whole-body cancers and CEA, and
between GI cancers and CA19-9. However, a significant association was observed between CA19-9 and the pres-
ence of whole-body cancers; still, the proportion of individuals showing CA19-9 positivity among those with at
least one type of cancer was not high (10.8%). These findings also strengthen the conclusion that these tumor
markers are inappropriate to be used as screening modalities for GI and whole-body cancers.

Although CEA and CA19-9, the tumor markers that are most widely used, were found to have a poor diagnos-
tic ability for the screening of GI and whole-body cancers in this study, several other potential markers, including
hematopoietic growth factors, enzymes, circulating tumor cells, and genetic markers, are being developed or
evaluated®. For instance, with respect to enzymes, the activity of alcohol dehydrogenase is reportedly different
in patients with cancers such as gastric cancer, colorectal cancer, etc?-*!. Regarding genetic markers, recently,
microRNAs have garnered attention as a potential useful marker for cancer screening®?. Further evaluation of
these potential markers, including an assessment of their diagnostic performance in an asymptomatic screening
population, is warranted.
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This study has several limitations. First, a single-center database was used, which excluded external validity.
Second, although the results of various established examinations were used as a reference, there is a possibility
that some types of cancer may have been missed. However, considering that each examination conducted in
this study has high detectability of cancers and that all study participants underwent multiple examinations
(for instance, lung cancer was examined via chest CT, sputum cytology, and FDG-PET, and pancreatic cancer
screened using abdominal US and FDG-PET), at least the possibility of having missed detecting advanced cancers
is presumably little?!-2>**3* Third, not all characteristics of the screened individuals, including comorbidities,
were assessed in this study. There may be other factors that affect tumor markers’ levels, such as benign liver and
biliary diseases, that makes the use of these markers for cancer screening even less appealing®™°.

In conclusion, the limited usefulness of the tumor markers CEA and CA19-9 in GI and whole-body cancer
screening was confirmed in this study. Of note, their use is difficult to consider even for the screening of multiple
cancers, and thus, the real-world use of these markers in opportunistic cancer screening should be reconsidered.

Data availability
All analyses relevant to the study are included in the article. All data requests should be submitted to the cor-
responding author for consideration. Access to anonymised data may be granted following review.

Received: 11 August 2020; Accepted: 14 October 2020
Published online: 23 October 2020

References
1. Bray, E et al. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185
countries. CA. Cancer. J. Clin. 68, 394-424 (2018).
2. NATIONAL CANCER INSTITUTE. Tumor Markers. https://www.cancer.gov/about-cancer/diagnosis-staging/diagnosis/tumor
-markers-fact-sheet (Accessed July 20, 2020).
3. Duffy, M. J. et al. Clinical utility of biochemical markers in colorectal cancer: European Group on Tumour Markers (EGTM)
guidelines. Eur. J. Cancer 39, 718-727 (2003).
4. Locker, G. Y. et al. ASCO 2006 update of recommendations for the use of tumor markers in gastrointestinal cancer. J. Clin. Oncol.
24, 5313-5327 (2006).
5. Sturgeon, C. M. et al. National Academy of Clinical Biochemistry laboratory medicine practice guidelines for use of tumor markers
in testicular, prostate, colorectal, breast, and ovarian cancers. Clin. Chem. 54, e11-79 (2008).
6. Sturgeon, C. M. et al. National Academy of Clinical Biochemistry Laboratory Medicine Practice Guidelines for use of tumor
markers in liver, bladder, cervical, and gastric cancers. Clin. Chem. 56, e1-48 (2010).
7. Kim, J. E. et al. Clinical usefulness of carbohydrate antigen 19-9 as a screening test for pancreatic cancer in an asymptomatic
population. J. Gastroenterol. Hepatol. 19, 182-186 (2004).
8. Chang, C. Y. et al. Low efficacy of serum levels of CA 19-9 in prediction of malignant diseases in asymptomatic population in
Taiwan. Hepatogastroenterology 53, 1-4 (2006).
9. Tong, Y., Song, Z. & Zhu, W. Study of an elevated carbohydrate antigen 19-9 concentration in a large health check-up cohort in
China. Clin. Chem. Lab. Med. 51, 1459-1466 (2013).
10. Lee, S. P. et al. Usefulness of carbohydrate antigen 19-9 test in healthy people and necessity of medical follow-up in individuals
with elevated carbohydrate antigen 19-9 level. Korean J. Fam. Med. 40, 314-322 (2019).
11. Shimada, H., Noie, T., Ohashi, M., Oba, K. & Takahashi, Y. Clinical significance of serum tumor markers for gastric cancer: A
systematic review of literature by the Task Force of the Japanese Gastric Cancer Association. Gastric Cancer 17, 26-33 (2014).
12. Sekiguchi, M. et al. Sensitivity of 2-[18F]fluoro-2-deoxyglucose positron emission tomography for advanced colorectal neoplasms:
A large-scale analysis of 7505 asymptomatic screening individuals. J. Gastroenterol. 51, 1122-1132 (2016).
13. Sekiguchi, M., Kakugawa, Y., Matsumoto, M. & Matsuda, T. A scoring model for predicting advanced colorectal neoplasia in a
screened population of asymptomatic Japanese individuals. J. Gastroenterol. 53, 1109-1119 (2018).
14. Sekiguchi, M. et al. Incidence of advanced colorectal neoplasia in individuals with untreated diminutive colorectal adenomas
diagnosed by magnifying image-enhanced endoscopy. Am. J. Gastroenterol. 114, 964-973 (2019).
15. Kakinuma, R. et al. Low-dose CT lung cancer screening in never-smokers and smokers: Results of an eight-year observational
study. Transl. Lung Cancer Res. 9, 10-22 (2020).
16. Kakugawa, Y. et al. Colorectal laterally spreading tumors by computed tomographic colonography. Int. J. Mol. Sci. 14, 23629-23638
(2013).
17. Mitsuzaki, K., linuma, G., Morimoto, T., Miyake, M. & Tomimatsu, H. Computed tomographic colonography with a reduced dose
of laxative using a novel barium sulfate contrast agent in Japan. Jpn. J. Radiol. 37, 245-254 (2019).
18. Shoda, H. et al. Evaluation of 18F-2-deoxy-2-fluoro-glucose positron emission tomography for gastric cancer screening in asymp-
tomatic individuals undergoing endoscopy. Br. J. Cancer 97, 1493-1498 (2007).
19. Kakinuma, R. et al. Solitary pure ground-glass nodules 5 mm or smaller: Frequency of growth. Radiology 276, 873-882 (2015).
20. Sekiguchi, M. et al. Performance of 18-fluoro-2-deoxyglucose positron emission tomography for esophageal cancer screening.
World J. Gastroenterol. 23, 2743-2749 (2017).
21. Hamashima, C. et al. A community-based, case-control study evaluating mortality reduction from gastric cancer by endoscopic
screening in Japan. PLoS ONE 8, €79088 (2013).
22. Jun, J. K. et al. Effectiveness of the Korean National Cancer Screening Program in reducing gastric cancer mortality. Gastroenterol-
ogy 152, 1319-1328 (2017).
23. Graser, A. et al. Comparison of CT colonography, colonoscopy, sigmoidoscopy and faecal occult blood tests for the detection of
advanced adenoma in an average risk population. Gut 58, 241-248 (2009).
24. Pickhardt, P. ., Hassan, C., Halligan, S. & Marmo, R. Colorectal cancer: CT colonography and colonoscopy for detection-systematic
review and meta-analysis. Radiology 259, 393-405 (2011).
25. Nagata, K. et al. Accuracy of CT colonography for detection of polypoid and nonpolypoid neoplasia by gastroenterologists and
radiologists: A nationwide multicenter study in Japan. Am. J. Gastroenterol. 112, 163-171 (2017).
26. Kanda, Y. Investigation of the freely available easy-to-use software ‘EZR’ for medical statistics. Bone Marrow Transplant. 48, 452-458
(2013).
27. Fletcher, R. H. Carcinoembryonic antigen. Ann. Int. Med. 104, 66-73 (1986).
28. Duffy, M. J. CEA as a marker for colorectal cancer: Is it clinically useful. Clin. Chem. 47, 624-630 (2001).
29. Jelski, W. & Mroczko, B. Biochemical markers of colorectal cancer—present and future. Cancer Manag. Res. 12, 4789-4797 (2020).
30. Jelski, W., Chrostek, L., Zalewski, B. & Szmitkowski, M. Alcohol dehydrogenase (ADH) isoenzymes and aldehyde dehydrogenase
(ALDH) activity in the sera of patients with gastric cancer. Dig. Dis. Sci. 53,2101-2105 (2008).

Scientific Reports |

(2020) 10:18202 | https://doi.org/10.1038/s41598-020-75319-8 nature research


https://www.cancer.gov/about-cancer/diagnosis-staging/diagnosis/tumor-markers-fact-sheet
https://www.cancer.gov/about-cancer/diagnosis-staging/diagnosis/tumor-markers-fact-sheet

www.nature.com/scientificreports/

31. Jelski, W., Zalewski, B., Chrostek, L. & Szmitkowski, M. Alcohol dehydrogenase (ADH) isoenzymes and aldehyde dehydrogenase
(ALDH) activity in the sera of patients with colorectal cancer. Clin. Exp. Med. 7, 154-157 (2007).

32. Sudo, K. et al. Development and validation of an esophageal squamous cell carcinoma detection model by large-scale microRNA
profiling [published correction appears in JAMA Netw Open. 2, 197401 (2019)]. JAMA Netw Open. 2, €194573 (2019).

33. Yasuda, S. et al. Application of positron emission tomography imaging to cancer screening. Br. J. Cancer 83, 1607-1611 (2000).

34. Minamimoto, R. et al. The current status of an FDG-PET cancer screening program in Japan, based on a 4-year (2006-2009)
nationwide survey. Ann. Nucl. Med. 27, 46-57 (2013).

Acknowledgements
This study was supported by the National Cancer Center Research and Development Fund (30-A-16). We would
like to thank Editage (www.editage.com) for English language editing.

Author contributions
M.S. and T.M. designed the study and interpreted the data. M.S. analyzed the data and drafted the manuscript.
All authors approved the final version of the article.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to M.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

Scientific Reports |

(2020) 10:18202 | https://doi.org/10.1038/s41598-020-75319-8 nature research


http://www.editage.com
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Limited usefulness of serum carcinoembryonic antigen and carbohydrate antigen 19-9 levels for gastrointestinal and whole-body cancer screening
	Methods
	Study design and population. 
	Measurement of tumor marker levels and cancer screening procedures. 
	Assessment of the diagnostic performance of serum CEA and CA19-9 levels in the screening of GI cancer (analysis 1) and whole-body cancer (analysis 2). 
	Association of participant characteristics and presence of cancer with tumor markers’ positivity. 
	Statistical analysis. 
	Ethics approval and consent to participate. 

	Results
	Characteristics of the study participants. 
	Diagnostic performance of the tumor markers for GI cancer screening (analysis 1). 
	Diagnostic performance of the tumor markers for whole-body cancer screening (analysis 2). 
	Combined use of the tumor markers for GI and whole-body cancer screening (analyses 1 and 2). 
	Association of participant characteristics and presence of cancer with tumor markers’ positivity. 

	Discussion
	References
	Acknowledgements


