Clinical Biochemistry 63 (2019) 135-138

Contents lists available at ScienceDirect

AL

CLINICAL
BIOCHEMSTRY,

Clinical Biochemistry

journal homepage: www.elsevier.com/locate/clinbiochem

Case Report

Check for
updates

Baseline serum/cerebrospinal fluid ratio of carcinoembryonic antigen and
carbohydrate antigen series biomarkers in non-neoplastic diseases: a cross-
sectional study on 224 patients

Yutong Zhang, Rui Ban, Qiang Shi*, Chenglin Tian

Department of Neurology, Chinese PLA General Hospital, China

ARTICLE INFO ABSTRACT

Keywords: Background: The measurement of carcinoembryonic antigen, carbohydrate antigen series biomarkers in cere-
CEA brospinal fluid (CSF), is useful for the diagnosis of brain metastasis and leptomeningeal metastases to a certain

CAl25 extent. Their serum/CSF ratios may be of benefit to earlier diagnosis and treatment. However, the normal re-
CA 19-9 ference values of the ratios were not available. Accordingly, in this study we analyzed the serum/CSF ratios of
gi;;:’zl 1 tumor markers levels in non-neoplastic diseases patients for possible normal values.

Material and methods: We screened our database for paired CSF and serum samples which have been collected by
lumbar puncture. 224 pairs of CSF and serum samples were obtained and compared. The 97.5th percentile,
maximum value, and their serum/CSF ratios were obtained.

Results: The 97.5th percentile and maximum value of CSF CEA, CA125, CA19-9, CA15-3, CA724, and CYFRA21-
1 concentration for overall participants were 0.572 p/mL, 4.343 pu/mL, 2.872 yu/mL, 2.108 p/mL, 1.62 p/mL, and
1.997 p/mL, respectively. Gender had no significant difference in these CSF biomarkers except CA15-3. The
97.5th percentile serum/CSF ratio of CEA, CA125, CA19-9, CA15-3, CA724, and CYFRA21-1 level were 34.554,
44.772, 51.232, 20.941, 20.737, and 5.389 respectively. The serum/CSF ratios in different age groups were also
described.

Conclusions: Here, serum/CSF ratios of six tumor markers were determined in non-neoplastic diseases. The
usefulness of this index for diagnosis, management, and prognostic utility of leptomeningeal metastases must be
validated in larger cohort studies over the long term.

Leptomeningeal metastases

1. Introduction In addition to microbial culture, cytology, and immunological stu-

dies, physicians rely on the clinical chemistry laboratory for biochem-

Leptomeningeal metastasis (LM) is a complication occurring in on-
cological patients when tumor cells spread into the subarachnoid space
and cerebrospinal fluid (CSF) compartment. According to autopsy stu-
dies, LM occurs in 5%-8% of cancer cases and presents in advanced
stages of cancer, which has an ominous prognosis with the average
untreated survival of from four to six weeks. The incidence of LM in-
creases with the overall improving survival of cancer patients.
However, the diagnosis of LM might sometimes be difficult to assess.
Identification of neoplastic cells in CSF by cytological analysis is a di-
agnostic feature of LM. Based on previous research results, the sensi-
tivity of this test is 50%-60% at the initial lumbar puncture, which
could be improved up to 80% with the repeated test [1,2].

ical analysis of the cerebrospinal fluid of patients. However, apart from
routine glucose and protein determinations, the clinical value of other
CSF analytes is often unclear. In physiological conditions within the
central nervous system (CNS), no cells can produce a tumor marker.
Increased concentrations of carcinoembryonic antigen (CEA) [3], a-fe-
toprotein and -human chorionic gonadotropin [4], CA125, CA15-3,
and CA19-9 [5,6] have been observed in the CSF of patients with LM.

Based on the previous studies, CSF/serum CEA and CYFRA21-1
[71,CSF/serum CA153 [8], CSF/serum CA19-9 [9] all had diagnostic
value for leptomeningeal metastasis. Accordingly, we analyzed serum/
CSF ratios of six tumor markers in non-neoplastic diseases, which may
be helpful for predicting LM.
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The CSF, serum CEA concentration and serum/CSF ratio in overall, male, and female participants.

Cohort  CSF CEA concentration (u/ml) Serum CEA concentration (u/ml) Serum/CSF ratio
No. Min. Med. Max. No. Min. Med. 97.5th Max. No. Min. Med. 97.5th Max.
Overall 220 0.200 0.200 4.740 220 0.200 1.630 7.423 11.950 220 1.000 7.800 34.554 59.750
Gender
Male 134 0.200 0.200 0.580 134 0.200 1.750 7.556 11.950 134 1.000 8.290 37.781 59.750
Female 86 0.200 0.200 4.740 86 0.310 1.545 9.392 11.290 86 1.023 6.975 28.934 50.600
P value (Mann-Whitney U test) 0.277 P value (Mann-Whitney U test) 0.008 P value (Mann-Whitney U test) 0.003

Note. Min. = Minimum, Med. = Median, 97.5th = 97.5th percentile, Max. = Maximum.

Table 2
The CSF, serum CA125 concentrations and serum/CSF ratio in overall, male, and female participants.
Cohort ~ CSF CA125 concentration (p/mL) Serum CA125 concentration (j/mL) Serum/CSF ratio
No. Min. Med. Max. No. Min. Med. 97.5th Max. No. Min. Med. 97.5th Max.
Overall 195 0.600 0.795 6.770 195 1.780 10.990 33.340 46.260 195 1.449 11.613 44.772 55.117
Gender
Male 117 0.600 0.692 4.500 117 1.780 10.000 30.568 46.260 117 1.449 11.396 44.494 54.941
Female 78 0.600 1.085 6.770 78 2.030 15.111 35.953 43.070 78 2.396 11.629 52.419 55.117
P value (Mann-Whitney U test) 0.248 P value (Mann-Whitney U test) 0.005 P value (Mann-Whitney U test) 0.443

Note. Min. = Minimum, Med. = Median, 97.5th = 97.5th percentile, Max. = Maximum.

Table 3
The CSF, serum CA19-9 concentrations and serum/CSF ratio in overall, male, and female participants.
Cohort CSF CA19-9 concentration (yu/mL) Serum CA CA19-9 concentration (y/mL) Serum /CSF ratio
No. Min. Med. Max. No. Min. Med. 97.5th Max. No. Min. Med. 97.5th Max.
Overall 187 0.600 0.688 27.340 187 0.600 8.580 32.633 35.830 187 0.300 9.867 51.232 59.717
Gender
Male 115 0.600 0.615 3.000 115 0.600 7.540 31.343 33.970 115 0.300 9.503 48.278 52.433
Female 72 0.600 0.777 27.340 72 0.600 11.980 35.286 35.830 72 0.328 11.983 58.809 59.717
P value (Mann-Whitney U test) 0.648 P value (Mann-Whitney U test) 0.003 P value (Mann-Whitney U test) 0.202

Note. Min. = Minimum, Med. = Median, 97.5th = 97.5th percentile, Max. = Maximum.

Table 4
The CSF, serum CA15-3 concentrations and serum/CSF ratio in overall, male, and female participants.
Cohort CSF CA15-3 concentration (p/mL) Serum CA15-3 concentration (j/mL) Serum /CSF ratio
No. Min. Med. Max. No. Min. Med. 97.5th Max. No. Min. Med. 97.5th Max.
Overall 186 1.000 1.000 24.770 186 1.120 8.810 23.490 37.520 186 1.120 8.202 20.941 28.542
Gender
Male 113 1.000 1.000 2.020 113 1.120 8.970 21.023 26.460 113 1.120 8.640 21.023 26.460
Female 73 1.000 1.000 24.770 73 3.160 8.790 34.256 37.520 73 1.515 7.900 23.372 28.542
P value (Mann-Whitney U test) 0.005 P value (Mann-Whitney U test) 0.715 P value (Mann-Whitney U test) 0.464

Note. Min. = Minimum, Med. = Median, 97.5th = 97.5th percentile, Max. = Maximum.

2. Material and methods

2.1. Subjects

reviewed and approved by the Ethics Committee of Chinese PLA
General Hospital. All participants or their guardians signed the neces-
sary written consent.

A total of 137 male and 87 female inpatients were included in this

study. Their mean age was 47.95 * 15.84 years, ranging from 11 to 2.2. Measurement of CSF and serum biomarkers

99 years of age. The diagnoses of these non-neoplastic diseases included

cerebral venous sinus thrombosis, inflammatory demyelinating disease, Pairs CSF and serum samples were simultaneously obtained and
and peripheral neuropathy. Lumbar puncture was performed for clin- measured on Roche Modular Analytic E170 analyzer (Roche Company,
ical diagnostic and differential diagnosis purposes. This study has been Germany).

136



Y. Zhang et al.

Table 5
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The CSF, serum CA724 concentration, and serum/CSF ratio in overall, male, and female participants.

Cohort CSF CA724 concentration (y/mL) Serum CA724 concentration (p/mL) Serum/CSF ratio
No. Min. Med. 97.5th Max. No. Min. Med. 97.5th Max. No. Min. Med. 97.5th Max
Overall 189 0.380 1.120 1.620 1.760 189 0.400 1.440 14.688 29.850 189 0.515 1.344 20.737 30.274
Gender
Male 116 0.380 1.090 1.611 1.760 116 0.400 1.645 23.834 29.850 116 0.538 1.464 23.852 30.274
Female 73 0.430 1.170 1.633 1.650 73 0.450 1.260 13.585 22.960 73 0.515 1.242 16.897 22.510
P value (Mann-Whitney U test) 0.815 P value (Mann-Whitney U test) 0.051 P value (Mann-Whitney U test) 0.112

Note. Min. = Minimum, Med. = Median, 97.5th = 97.5th percentile, Max. = Maximum.

2.3. Statistical analysis

The concentration of CSF biomarkers and serum/CSF ratio were
given as minimum, maximum, and percentile. Gender difference that
had skewed distributions was tested with Mann-Whitney U rank-sum
test. All statistical tests were performed with SPSS 18 (SPSS Inc.,
Chicago, Illinois). A statistically significant difference was considered as
p < .05.

3. Results

The minimum and maximum values of CSF CEA, CA125, CA19-9,
CA15-3, CA724, and CYFRA21-1 concentration were 0.2 and 4.74 pu/
mL, 0.6 and 6.77 u/mL, 0.6 and 27.34 u/mL, 1 and 24.77 u/ml, 0.38
and 1.76 u/ml, 0.26 and 2.47 u/ml for overall participants. The 97.5th
percentile of CSF CEA, CA125, CA19-9, CA15-3, CA724, and CYFRA21-
1 concentration was 0.572 y/mL, 4.343 u/mL, 2.872 u/mL, 2.108 p/mL,
1.62 p/mL, and 1.997 p/mlL, respectively (Tables 1-6). The results of the
measurement of its serum concentrations were also summarised in
Tables 1-6. Gender made no significant difference in these CSF bio-
markers except for CA15-3. The 97.5th percentile serum/CSF ratio of
CEA, CA125, CA19-9, CA15-3, CA724, and CYFRA21-1 level were
34.554, 44.772, 51.232, 20.941, 20.737, and 5.389, respectively. The
serum/CSF ratios in different age groups are described in Table 7.

4. Discussion

Although there is no effective treatment for LM, it is better to di-
agnose the disease at the early stage, and new diagnostic tools to fa-
cilitate diagnosis of LM would be a welcome addition. By analyzing CSF

tumor markers in non-neoplastic patients, diagnostic clues have been

Table 6

provided and proven to be effective [10-13]. Regardless of serum/CSF
ratio or CSF/serum ratio of tumor markers, it has been described in the
previous literature and proven to be helpful for the diagnosis of LM
[7-9].

In our study, two conclusions can be drawn. First, the 97.5th per-
centile and even the maximum value of CSF concentration were far
lower than its serum concentration. The results of this study suggest the
previously used reference value, which usually was serum reference
value, might result in many abnormal cerebrospinal fluid tumor mar-
kers to be mistaken as normal [7]. Second, we described in detail
serum/CSF ratios in different age groups, expanding the clinical ap-
plication of CSF tumor markers as an indicator for LM.

Alternatively, evaluation of the ratio of serum/CSF ratio may have
additional clinical utility. CEA and carbohydrate antigen series bio-
markers have limited penetrability with an intact blood-brain barrier
[14]. In LM, the blood-brain barrier is usually damaged; elevated tumor
markers in CSF may result from trans-blood-brain barrier diffusion
from blood rather than intrathecal synthesis [8]. As such, serum/CSF
ratio may partly reflect the function of the blood-brain barrier, further
suggesting the diagnosis of LM.

There are some limitations in this study. First, the CSF analyzed in
this study was lumbar CSF, so our findings might not be applied to
ventricular CSF. Secondly, it should also be noted that our findings are
method-specific. In a different laboratory, the reference value may
change according to different methods [15]. From a clinical perspec-
tive, these ratios must be validated in larger cohort studies over the
long term because of the above limitations.

In summary, serum/CSF ratios of six tumor markers were de-
termined in non-neoplastic diseases in this study. As a baseline in-
dicator, it may be useful for the diagnosis of leptomeningeal metastases.

The CSF, serum CYFRA21-1 concentrations and serum/CSF ratio in overall, male, and female participants.

Cohort ~ CSF CYFRA21-1 concentration (u/mL) Serum CYFRA21-1 concentration (u/mL) Serum/CSF ratio
No. Min. Med. 97.5th Max. No. Min. Med. 97.5th Max. No. Min. Med. 97.5th Max.
Overall 177 0.260 1.110 1.997 2.470 177 0.470 1.590 4.368 5.370 177 0.238 1.610 5.389 7.771
Gender
Male 109 0.260 1.090 2.293 2.470 109 0.580 1.640 4.525 5.370 109 0.238 1.651 5.507 7.771
Female 68 0.330 1.115 1.988 2.010 68 0.470 1.545 4.523 4.740 68 0.465 1.481 5.882 7.093
P value (Mann-Whitney U test) 0.636 P value (Mann-Whitney U test) 0.328 P value (Mann-Whitney U test) 0.219

Note. Min. = Minimum, Med. = Median, 97.5th = 97.5th percentile, Max. = Maximum.
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