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Abstract. Background. Carcinoembryonic antigen (CEA) in cerebrospinal fluid (CSF) is important for
the diagnosis of meningeal carcinomatosis. Its relationship with CSF and serum in non-neoplastic diseases
may be beneficial for earlier diagnosis and treatment. Methods. CSF samples were obtained from 346 non-
neoplastic inpatients. Among them, 238 pairs of CSF and serum were obtained and compared. The 97.5th

percentile and maximum value of CSF CEA were obtained. Results. The 97.5th percentile and maximum
value of CSF CEA concentration for overall participants were 0.529 and 2.340 µg/L, respectively. The ratio
of CEA level (CSF/serum) was from 0.017 to 1. CSF CEA concentration was equal to the simultaneous se-
rum concentration only in 0.84% (2/238) and no higher than simultaneous serum CEA concentration was
found. Conclusion. The value determined in this study of CSF CEA is significantly lower than that usually
used in clinical practice. CSF CEA concentration higher than the simultaneous serum CEA concentration
suggests abnormal intrathecal CEA secretion.
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Introduction

Meningeal carcinomatosis is an uncommon, usual-
ly late, complication of cancer with an average un-
treated survival from four to six weeks.
Neuroimaging studies (computerized axial tomog-
raphy, magnetic resonance, and isotope studies of
cerebrospinal fluid flow) are necessary to evaluate
associated metastases and detect obstruction of ce-
rebrospinal fluid flow [1]. Positive cerebrospinal
fluid cytological findings confirm the diagnosis.
Because of the lack of sensitivity of this test (50%–
60% at initial lumbar puncture, which can be im-
proved to 80% with repeated sampling of CSF
[2,3]), considerable efforts have been made to iden-
tify alternative diagnostic markers.

Evaluation of intrathecal tumor markers synthesis
is a specific, sensitive, reliable, and reproducible di-
agnostic tool [4]. Carcinoembryonic antigen
(CEA), a β-1 glycoprotein with a high molecular
weight of 180 kDa, is produced in adenocarcino-
mas such as gastrointestinal cancer, breast cancer,

lung cancer, ovarian cancer, and pancreatic cancer
[5,6]. Approximately half (50-60%) of this protein
is composed of hydrocarbons like sialic acid, man-
nose, galactose, acetyl-N-glucosamine, and fruc-
tose. The other 40% or so is composed of polypep-
tides. Small amounts of CEA exist in normal
digestive organs and various bodily fluids such as
urine, intestinal secretions, pleural fluid, peritoneal
fluid, and cerebrospinal fluid [7-9]. Normal serum
CEA level in our laboratory is defined as less than
5µg/L.

Neurological complications including brain metas-
tasis and meningeal carcinomatosis seriously affect
the quality of life in patients with advanced cancer,
or even directly lead to death. CEA as a marker has
been shown to be useful diagnostically in these pa-
thologies [10-14].

Despite the fact that the measurement of CSF CEA
is widely used for the diagnosis of brain metastasis
and meningeal carcinomatosis, the upper reference
limit of CSF CEA in people without central ner-
vous system or systemic malignant tumours, which
is the foundation for determining an abnormal el-
evation of CSF CEA, has not been fully elucidated.
We will evaluate CSF CEA in this article.
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Materials and Methods

Subjects. A total of 208 male and 138 female inpatients
from the Department of Neurology were included in
this study. Their mean age was 44.870±16.793 years,
ranging from 5 to 99 years. At the time of discharge, the
diagnoses of these patients mainly included central ner-
vous system infection, inflammatory demyelinating dis-
ease, peripheral neuropathy, cerebral venous sinus
thrombosis, systemic or primary central nervous system
vasculitis and degenerative disease. Lumbar puncture
was performed by the physicians in charge for clinical
diagnostic purposes. All patients bore no evidence of
central nervous system or systemic malignant tumours.
This study has been reviewed and approved by the Ethic
Committee of PLA General Hospital. Written consents
were signed by all participants or their guardians.

Measurement of CSF and serum CEA. All samples were
measured on Roche Modular Analytic E170 analyser
(Roche company, Germany) including 238 pairs of CSF
and serum samples and 108 separate CSF samples.

Statistical analysis. The CSF CEA concentration was
given as a minimum, maximum and percentile. Gender
and age differences in CSF CEA concentrations that had
skewed distributions were tested with the Mann-
Whitney U rank-sum test and Kruskal-Wallis H test,
respectively. The CEA concentrations in each paired
sample of CSF and serum from 238 subjects were com-
pared. All statistical tests were performed with SPSS 16
(SPSS Inc, Chicago, Illinois). A statistically significant
difference was considered as p<0.05.

Results

The minimum and maximum values of CSF CEA con-
centration were 0.2µg/L and 2.34 µg/L for all partici-
pants, 0.2µg/L, and 2.34µg/L for male participants
and 0.2µg/L and 1.92µg/L for female participants. The
97.5th percentile of CSF CEA concentration was
0.529µg/L for all, 0.43µg/L for male, and 0.592µg/L
for female participants (Table1). The results of serum
CEA concentrations were also summarised in Table 1.
CSF CEA concentrations in female participants were
not significantly different from male participants; how-
ever, the serum CEA concentrations in female partici-
pants were significantly different from male partici-
pants. There was no statistically significant age
difference in CSF CEA concentration of all partici-
pants, but serum CEA concentration in different age
groups show significant difference (Table1). The scat-
ter plots of CEA concentration and age showed serum
CEA concentration increased mainly above the age of
20 years in all participants (Figure 1).

Comparative analysed CSF and serum concentration
revealed that CSF CEA concentrations were no higher
than serum CEA concentrations in all participants,
equal to serum CEA concentrations only in 0.84%
(2/238) of participants, and lower than serum CEA
concentrations in 99.16% (236/238) of participants.
The ratio of the CEA level (CSF/serum) was from
0.017 to 1.

Table 1. The CSF and serum CEA concentrations in overall, male and female participants in different age groups.

Cohort CSF CEA concentration (mg/L ) Serum CEA concentration (mg/L )
No. Mini Median 97.5th Maxi No. Mini Median 97.5th Maxi

mum percentile mum mum percentile mum

Overall 346 0.200 0.200 0.529 2.340 238 0.200 1.625 2.442 11.950
Gender

Male 208 0.200 0.200 0.430 2.340 144 0.200 1.760 6.902 11.950
Female 138 0.200 0.200 0.592 1.920 94 0.310 1.510 5.680 11.290

P value (Mann-Whitney U test) 0.467 P value (Mann-Whitney U test) 0.002
Age (years)

<21 39 0.200 0.200 0.427 0.500 19 0.430 1.200 2.931 2.940
21-40 85 0.200 0.200 0.501 0.673 50 0.200 1.435 5.766 11.290
41-50 91 0.200 0.200 0.900 2.340 68 0.200 1.515 5.426 7.890
51-60 70 0.200 0.200 0.517 0.661 53 0.471 1.900 7.349 11.950
61-99 61 0.200 0.200 0.396 0.490 48 0.810 2.230 6.951 10.120

P value (Kruskal-Wallis H test) 0.868 P value (Kruskal-Wallis H test) <0.0001
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Discussion

To establish the reference value for CSF CEA, the
optimal subjects should be healthy. However, it is
ethically infeasible to get CSF samples from healthy
people through lumbar puncture for the sole pur-
pose of this study. Therefore, only patients among
whom lumbar puncture was warranted by their
clinical condition were recruited. Theoretically, the
diseases diagnosed in this study have no effects on
the secretion of CEA; however, several of them,
such as meningitis, increase the permeability of the
BBB. Because an intact BBB has only a very slight
effect on CSF CEA level [15], it is reasonable to
apply the reference value established in this study to
healthy people.

The value most frequently used as the upper refer-
ence limit of CSF CEA is the upper reference value
for serum CEA which changes according to differ-
ent methods in different laboratories [16]. Roche
Modular Analytic E170 analyser was used in our
laboratory and the upper reference value for serum
CEA was 5µg/L. The results of our study showed
that in most participants, CSF CEA was within

extremely low levels. In all participants, the 97.5th

percentile and even the maximum value of CSF
concentrations were far lower than the reference
value of 5µg/L. The results of current study suggest
that the previously used reference value might re-
sult in an abnormally elevated CSF CEA concen-
tration being considered normal. Serum CEA con-
centration increased mainly above the age of 20
years in all participants. However, such an increase
was not found in the CSF CEA concentration in
either the female or male participants.

Comparative measurement of CSF CEA and serum
CEA revealed a phenomenon that has been report-
ed that when the serum-to-CSF ratio is less than
60:1, an increase in CSF CEA level has a relatively
high specificity for leptomeningeal metastasis [17].
Our study had CEA serum to CSF ratios ranging
from 1 to 59.75. According to our study, CSF CEA
concentrations were lower than serum CEA con-
centrations in most participants. However, we can-
not conclude that CSF CEA concentrations in
most people are lower than the corresponding se-
rum CEA concentrations because the method used
to measure CSF CEA in this study was specifically

Figure 1. The CSF and serum CEA concentrations in male and female participants in relation to age.
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developed to measure CEA in serum samples.
Despite the limitations of this study, our findings
were still useful to interpret the results of compara-
tive measurements of serum and CSF CEA for clin-
ical purposes.

Previous studies have found that CEA levels were
significantly higher in leptomeningeal metastasis
patients and CSF CEA is useful for diagnosing lep-
tomeningeal metastasis [13,14,18].The results of
our study provide new knowledge in the detection
of abnormal levels of intrathecal CEA secretion
through two aspects. First, the upper reference limit
of CSF CEA might be lower than that used in clini-
cal practice, which means that the sensitivity of the
CSF CEA measurement in diagnosing brain metas-
tasis and meningeal carcinomatosis might have
been underestimated. When a CSF CEA concen-
tration above the reference value proposed in this
article is detected, abnormal intrathecal CEA secre-
tion should be suspected, although it may not nec-
essarily exist. Subsequently, further ancillary tests
should be performed to ascertain or rule out brain
metastasis and meningeal carcinomatosis. Secondly,
although seen in a very small proportion of study
samples, a CSF CEA concentration could have a
quantitative value equal to a simultaneous serum
CEA concentration.

There are some limitations warranting consider-
ation in this study. First, it should be noted that our
findings should only be applied to lumbar CSF and
not to ventricular CSF, which we have not studied.
Secondly, it should also be pointed out that our
findings are method-specific. Whether our findings
are applicable for interpreting the results of other
investigators depends on the methods of CEA assay
they use.
In summary, we propose an upper reference limit of
CSF CEA lower than previously used, which might
increase the sensitivity of measurement of CSF
CEA in the detection of abnormal intrathecal CEA
secretion.
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