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Background. We explored the prognostic value of the up-regulated carbohydrate antigen (CA19-9) in node-
negative patients with gastric cancer as a surrogate marker for micrometastases.

Patients and methods. Micrometastases were determined using reverse transcription quantitative polymerase
chain reaction (RT-gPCR) for a subgroup of 30 node-negative patients. This group was used to determine the cut-off
for preoperative CA19-9 serum levels as a surrogate marker for micrometastases. Then 187 node-negative T1 to T4
patients were selected to validate the predictive value of this CA19-9 threshold.

Results. Patients with micrometastases had significantly higher preoperative CA19-9 serum levels compared to pa-
tients without micrometastases (p = 0.046). CA19-9 serum levels were significantly correlated with ftumour site, ftumour
diameter, and perineural invasion. Although not reaching significance, subgroup analysis showed better five-year
survival rates for patients with CA19-9 serum levels below the threshold, compared to patients with CA19-9 serum lev-
els above the cut-off. The cumulative survival for T2 fo T4 node-negative patients was significantly better with CA19-9
serum levels below the cut-off (p = 0.04).

Conclusions. Preoperative CA19-9 serum levels can be used to predict higher risk for haematogenous spread and
micrometastases in node-negative patients. However, CA19-9 serum levels lack the necessary sensitivity and specific-

ity to reliably predict micrometastases.
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Introduction

In addition to local extent tumours, preoperative
nodal staging is of the utmost importance when de-
ciding upon lymphadenectomies in gastric cancer.
Unfortunately, contemporary imaging modalities
struggle with the modest sensitivities and specifici-
ties when it comes to nodal staging.! To make mat-
ters even more challenging, the first metastases in
early gastric cancer are usually in the form of small
tumour-cell deposits, and the metastatic lymph
nodes are often not enlarged.? The average size of
lymph nodes with micrometastases has been report-
ed to be <5 mm, which is below the size that can be
reliably detected with preoperative imaging.?
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Although the importance of micrometastases
has been widely debated, there is some consensus
on the prognostic relevance of micrometastases in
lymph nodes.>® Due to their impact on long-term
prognosis; many studies have searched for simple
and reliable ways to detect micrometastases in pa-
tients with gastric cancer. To date, the only way to
determine the presence of micrometastases is the
additional analysis of lymph nodes using immuno-
histochemical or molecular methods.*® However,
such elaborate and expensive methods used to de-
tect micrometastases cannot be applied to clinical
practice in their present form. Additional markers
that can indicate the presence of such micrometas-
tases will thus be of immense value.
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Serum tumour markers have long been used
for early detection and follow-up in patients with
gastric cancer.!*!> Elevated serum levels of carbo-
hydrate antigen 19-9 (CA19-9; or the sialyl-Lewis
A determinant) have been the focus of investi-
gations because of the reported association of
CA19-9 with lymph-node metastases.!* CA19-9 is
a tumour-associated carbohydrate determinant.
Epigenetic silencing of the sialyltransferase gene
early in tumour development leads to reduction
in the production of the normally present disialyl-
Lewis A determinant. This incomplete synthesis
in tumour cells thus results in accumulation of the
sialyl-Lewis A determinant (i.e., CA19-9). CA19-9
is a ligand for E-selectin, which is expressed on the
surface of endothelial cells. These changes allow
tumour cells to invade lymphovascular structures
in the setting of low oxygen tissue tension during
accelerated growth.!® Patients who show high ex-
pressing levels of the CA19-9 antigen have been
shown to be at greater risk of developing lymph-
node and haematogenous metastases.!*!¢ The use
of CA19-9 to indicate lymph-node metastases is,
however, still controversial.'%'21317 The low sensi-
tivity and specificity of CA19-9 does not allow for
its use in the prediction of lymph-node metastases.
Furthermore, CA19-9 serum levels are usually low
in early gastric cancer, which precludes its use for
the detection of early lymph-node metastases, or
even micrometastasis.

In our previous report, we demonstrated sig-
nificant differences in the subclinical expression
of serum levels of CA19-9 in patients with micro-
metastases, compared to patients with negative
lymph nodes.!® This led us to further explore these
differences in patients with node-negative gastric
cancer. To confirm the correlation of preopera-
tive CA19-9 serum levels with micrometastases in
the lymph nodes, we measured the preoperative
CA19-9 serum levels in patients with and without
lymph-node micrometastases. We then investigat-
ed the correlation between micrometastases and
preoperative CA19-9 serum levels to determine the
cut-off level for micrometastases detection, along
with the respective sensitivities and specificities.
Finally, the prognostic value of this cut-off for
CA19-9 serum levels was investigated for a group
of patients with node-negative gastric cancer.

Patients and methods

Between 1992 and 2013, a total of 1,129 patients un-
derwent surgery for gastric cancer at the University

Clinical Centre Maribor, Slovenia. From these,
only node-negative patients with complete clin-
icopathological records and preoperative CA19-9
serum levels were included in this study.

The inclusion criteria were for histologically
confirmed node-negative adenocarcinoma of the
stomach, D2 lymphadenectomy (as defined by the
34 English edition of the Japanese Gastric Cancer
Association guidelines'®), and complete record of
preoperative tumour marker levels. All surgical
specimens underwent pathological examination
according to the guidelines for gastric cancer of the
International Union Against Cancer. Patients with
missing values were excluded from further analy-
sis. Thus, 187 patients were included in the final
study group, with their preoperative CA19-9 cut-
off levels tested for clinical significance.

First, in a test group of 30 patients, we prospec-
tively performed with reverse transcription quanti-
tative polymerase chain reaction (RT-qPCR) analy-
sis of sentinel lymph nodes for micrometastases, as
described in our earlier reports.”? The preopera-
tive differences in CA19-9 serum levels in these pa-
tients were used to determine the cut-off value of
the preoperative CA19-9 serum levels for further
analysis.

The study group of 187 patients was then used
to determine the correlations between the preop-
erative CA19-9 serum levels with tumour charac-
teristics, its predictive significance, and the cut-off
value. The mean follow-up was 37 + 49 months
(range, 2 days to 241 months). The patients were
divided into two groups according to the derived
cut-off value for the CA19-9 serum levels.

Blood samples were obtained by peripheral
venous puncture before surgery. CA19-9 serum
levels were determined using commercial enzyme
immunoassay kits (CA19-9; Dainabbot, Tokyo,
Japan). The cut-off value was determined through
receiver operating characteristics (ROC) analysis of
the expression profiles from the RT-qPCR analysis
for micrometastases.

The sentinel lymph nodes were extracted as de-
scribed in our previous reports.*?! In brief, preop-
erative risk assessment for the metastatic involve-
ment of lymph nodes was carried out according to
the Maruyama computer program, preoperative
staging, and intraoperative dye navigation (Patente
Blue V Dye; Guerbet Patent Blue V Sodium 2.5%;
Guerbet, Roissy, France). The sentinel lymph
nodes were harvested for RT-qPCR analysis.
The total RNA was extracted using RNeasy Mini
Plus kits (Qiagen, Hilden, Germany), and reverse
transcribed with High Capacity cDNA Reverse
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TABLE 1. Patient demographic and tumor characteristics according to their positive

and negative Cal9-9 serum levels around the cut-off of 3.5 IU/ml

Characteristic Cal9-9 negative Cal9-9 positive
Gender [male (%)] 63 57
Age (years + SD) 64+12.2 64+11.9
ASA (%)

| 41.8 37.1

Il 37.3 37.1

11l 20.9 25.7
Lymphadenectomy (%)

D1 19.2 23.9
D2 80.8 76.1
Tumour site (%)

Lesser curvature 33.3 38.6
Greater curvature 38.9 40.4
Anterior wall 25.0 15.8
Posterior wall 1.4 2.6
Circumferential 1.4 2.6
Differentiation (%)

Well 27.4 21.0
Moderate 25.8 33.0
Poor 46.8 46.0
Lauren (%)

Intestinal 63.9 47.2
Diffuse 19.7 31.5
Mixed 16.4 21.3
Lymphangial invasion [yes (%)] 52.9 54.7
Vascular invasion[yes (%)] 7.3 1.1
Perineural invasion[yes (%)] 15.7 14.4

T stage (%)

1 31.5 43.8

2 38.4 28.9

3 26.0 18.4

4 4.1 8.8
UICC (%)

la 31.5 45.6
Ib 38.4 28.9
lla 26.0 16.7
Ib 1.4 5.3
Il 2.7 3.5
Tumour diameter (mm + SD) 52+33.8 50+ 324
Number of extractedlymph nodes 21 4112 20 +10.7

(n+SD)

ASA = American Society of Anesthesiologists physical status classification system; UICC = Union for

International Cancer Control
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Transcription kits (Applied Biosystems, Carlsbad,
CA, USA). Q-PCR was performed on an ABI Prism
SDS 7500 PCR machine (Applied Biosystems), us-
ing TagMan chemistry in a 96-well format. TaqMan
Universal PCR Master Mix (Applied Biosystems)
and the following Gene Expression Assays
(Applied Biosystems) were used: for CEACAMS5
Hs 00237075_m1; for KRT20 Hs00300643_m1; and
for GAPDH 4333764. Thirty-five cycles were select-
ed as the Ct threshold values for CEACAMS5 and
CK-20 expression, as determined in our sensitivity
and specificity studies.”

All continuous data are expressed as means +
standard deviations, and the categorical data are ex-
pressed in percentages. Continuous variables were
compared with Student’s t tests, and x-squared
tests were used for the comparison of discrete vari-
ables. Linear correlations were accessed by calcu-
lation of Pearson’s correlation coefficients. The
ROC curves were used to identify potential cut-off
values for the CA19-9 serum levels, along with the
sensitivities and specificities. The Kaplan-Maier
method was used for the survival analysis. Survival
time was calculated from surgery to death or the
date of the last follow-up visit. The overall survival
differences between the groups were determined
using log-rank tests. Cox regression models were
used to determine the factors related to the overall
survival of node-negative patients. The final model
was calculated with backward stepwise selection.
A p value < 0.05 was defined as the limit of signifi-
cance. SPSS v.20 for Windows 8 was used for the
statistical analyses. The probability of lymph-node
involvement was estimated with WinEstimate
(version 2.5; Miinchen, Germany).

Results

Micrometastases were detected in eight patients
(26.7%) from the 30 histologically node-negative
patients. These patients with micrometastases had
significantly higher preoperative CA19-9 serum
levels (15.8 +13 IU/ml) than those without micro-
metastases (6.9 + 9 IU/ml p = 0.046). With the ROC
analysis, the cut-off value for CA19-9 serum levels
of 3.5 IU/ml was selected as a predictor for mi-
crometastases deposits in lymph nodes. With this
threshold value, patients with micrometastases
were determined with a sensitivity of 87.5% and a
specificity of 50% (AUC, 0.724; p = 0.064).

The mean CA19-9 serum level of the patients
with node-negative gastric cancer was 27.8 + 185
IU/ml. Out of the 187 patients, 114 (61%) were
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above the threshold CA19-9 serum level of 3.5 IU/
ml. There was significant linear correlation between
the preoperative CA19-9 serum levels and tumour
sites (p = 0.035), tumour diameters (p = 0.012), and
perineural infiltration (p =0.007). There were signif-
icant differences in the preoperative CA19-9 serum
levels between patients with different tumour sites,
as seen by one-way analysis of variance (ANOVA)
tests. The patients with Bormann type IV tumour
(i.e., whole stomach involvement) had the high-
est preoperative CA19-9 serum levels (i.e., lesser
curvature: 15.9 + 48 IU/ml; greater curvature: 15.1
+ 52 IU/ml; anterior wall: 11.7 = 20 IU/ml; whole
circumference: 633.7 + 1227 IU/ml; posterior wall:
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TABLE 2. Median survival rates of patients with T1 to T4 NO tumours according to their positive and
negative Cal9-9 serum levels around the cut-off of 3.5 IU/ml

Tumour stage

Cal9-9 cut-off

Median survival (months * SD)

Negative 121 £15.7
TINO
Positive 126 £12.2
Negative 121 £13.9
T2NO
Positive 89 £ 13.1
Negative 103+ 18
T3NO
Positive 65+12.4
Negative 47 £18.9
T4NO
Positive 18+22
19-9
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FIGURE 1. Survival of patients with T1 NO (A), T2 NO (B), T3 NO (C) and T4 NO (D) gastric cancer according to their positive and negative Cal9-9 serum
levels around the cut-off of 3.5 [U/ml.
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TABLE 3. Resulfs of the multivariate regression model analysis

95% confidence

Hazard int |
Factor rafio interval p
Lower Upper
Perineural invasion 1.337 0.612 2.921 NS
Tumour site 1.151 0.881 1.502 NS
<
Tstage 1.755 1.321 2.330 0.0001
Extracted lymph nodes 0.972 0.948 0.997 0.026
Preoperative Cal9-9 serum level 1 1.000 1.001 NS
Cal9-9 cut-off (3.51U/ml) 1.045 0.528 2.068 NS
NS = not significant
Cal99
1.09 ciltoﬁ
I Tnegative
I Tpositive
© negative
A positive

0,8

o
3
1

Survival [%]

o
=
1

0,24

0,0

T
0,00

p =0.04

T
1000,00
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FIGURE 2. Survival of patients with T2 to T4 NO gastric cancer according fo their
positive and negative Cal9-9 serum levels around the cut-off of 3.5 IU/ml.

9.7 +7 IU/ml; p <0.0001). The preoperative CA19-9
serum levels of the patients with a tumour involv-
ing the entire stomach were significantly greater
than those where the tumour was confined to one
location, irrespective of the TNM stage (p < 0.0001).
Also, the patients with perineural infiltration had
significantly higher preoperative CA19-9 serum
levels (143.4 + 526 IU/ml vs. 14.5 + 43 IU/ml; p =
0.007). There were no statistically significant cor-
relations between the cut-off value for the CA19-9
serum levels and the clinicopathological character-
istics of the patients.

These clinicopathological characteristics of the
patients with CA19-9 serum levels above and be-
low the cut-off of 3.5 IU/ml are shown in Table 1.
Between these groups, there were no significant
differences in age, gender, grade, Lauren histologi-
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cal type, TNM stage, tumour diameter, lymphangi-
al infiltration, vascular infiltration, perineural inva-
sion, extranodal infiltration, or extent of lymphad-
enectomy distribution.

The cumulative 5 year survival of the node-neg-
ative patient group was 67.4% * 4%, with a median
survival of 130.9 months. The cumulative 5 year
overall survival rates by T stage for T1, T2, T3, T4a
and T4b were 77% =+ 6%, 69% + 7%, 56% + 9%, 25%
+22% and 31% + 24%, respectively.

There were no significant differences in the
cumulative 5 year overall survival rates between
groups with different cut-off values of the CA19-
9 serum levels (CA19-9 negative group: 73% =+
6%; CA19-9 positive group: 63% =+ 5%; p = 0.305).
However, if we excluded the patients with stages
Tla and T1b from the analysis, a significant dif-
ference was seen between the overall survival of
the patients with CA19-9 serum levels above and
below our cut-off of 3.5 IU/ml (CA19-9 negative
group: 72% + 7%; CA19-9 positive group: 50% + 8%;
p =0.04). Subgroup analysis failed to show signifi-
cant differences in the 5 year overall survival rates
for the individual stages of T1 to T4 between these
CA19-9 negative and positive groups. Even so, the
patients with stages T2 to T4 with CA19-9 serum
levels above the set cut-off of 3.5 IU/ml had consist-
ently worse overall survival rates than the patients
below this cut-off value (Table 2, Figures 1, 2).

The factors identified as significant predictors
through univariate analysis were: preoperative
CA19-9 serum level, tumour site, tumour diam-
eter, T stage, number of extracted lymph nodes
and the CA19-9 cut-off value. These were included
in the Cox proportional hazard regression model.
The multivariate analysis identified the significant
prognostic factors in node-negative patients as T
stage (hazard ratio, 1.755; 95% confidence inter-
val, 1.321-2.33; p < 0.001) and number of extracted
lymph nodes (hazard ratio, 0.972; 95% confidence
interval, 0.948-0.997; p = 0.026) (Table 3).

The procedures described in this study were in
accordance with the Helsinki declaration. All pa-
tients gave their written informed consent before
being included in the present study. This study
was approved by the National Ethics Committee
(No. 153/02/0).

Discussion

According to previous reports, micrometastases in
the lymph nodes have significant impact on patient
survival.>?2 As the incidence of micrometastases
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is said to be even as high as 30% in node-negative
patients®?, it appears that these patients should
be correctly staged at least intraoperatively. While
it might be possible to reliably detect microme-
tastases with immunohistochemical or molecular
techniques®’, these techniques are time and labour
intensive, and the results are usually available only
after the operation. To identify a preoperative tool
for micrometastases prediction, we explored the
prognostic value of CA19-9 serum levels in node-
negative patients.

Since the introduction of CA19-9 serum levels
in clinical practice, numerous publications have
confirmed that elevated CA19-9 serum levels are a
predictor for lymph-node metastases and indicate
worse prognosis for patients with advanced gastric
cancer.!® To the best of our knowledge, the preop-
erative CA19-9 serum levels have never been used
to predict micrometastases in patients with gastric
cancer. As the up-regulated sialyl-Lewis A determi-
nant (i.e., the CA19-9 antigen) in tumour cells has
been shown to predispose patients with adenocar-
cinoma and squamous cell carcinoma to haematog-
enous metastases'®, it can be seen that patients with
elevated CA19-9 serum levels are at greater risk for
micrometastatic lymph-node involvement. The
aim of our study was to determine whether there is
a correlation between early elevation of CA19-9 se-
rum levels and the presence of micrometastases in
patients with gastric cancer. We therefore studied
the correlations of CA19-9 serum levels with the
pathological properties of these tumours and the
impact on the long-term survival of patients with
node-negative gastric cancer.

As previously reported by our group, a sig-
nificant difference was noted in the preoperative
subclinical (< 37 IU/ml) CA19-9 serum levels in
patients with node-negative gastric cancer with
micrometastases, compared to patients without
micrometastases.”® Patients with micrometasta-
ses were seen to have preoperative CA19-9 serum
levels that were almost twice as high as those for
patients without micrometastases. This observa-
tion led us to believe that CA19-9 serum levels can
be used as a predictor for micrometastatic lymph-
node involvement in patients with node-negative
gastric cancer.

Cut-off values for CA19-9 serum levels as a
marker for micrometastases were determined on a
subgroup of 30 patients where their sentinel lymph
nodes were subjected to RT-qPCR analysis in addi-
tion to routine histology.!>? For further analysis,
the patients in the study group were divided into
two groups according to the derived cut-off value

of CA19-9 serum level of 3.5 IU/ml. This cut-off
value was used as a surrogate marker for micro-
metastases. Based on this cut-off, 61% of node-
negative patients were shown to have elevated
CA19-9 serum levels. Assuming that these patients
were at high risk of harbouring micrometastases,
the incidence of micrometastases was significantly
higher than the 30% usually reported.*? In con-
trast with the present study, T4 patients are usually
excluded from micrometastases studies, due to the
high proportion of early tumour recurrence in the
peritoneal cavity.?®* The T4 patients included in
the present study with a probability of lymph-node
deposits of > 80%, explain a much higher micro-
metastatic involvement in the patient cohort in the
present study compared to other reports.

To determine whether CA19-9 serum levels
were elevated in patients with micrometastases,
a group of node-negative patients was retrospec-
tively analysed. We selected patients from our da-
tabase with TNM stages T1 to T4NO. As it would
have been too time consuming to retrospectively
look for micrometastases in the paraffin blocks
of the lymph nodes of 187 patients, we instead
searched for correlations of CA19-9 serum levels
with the pathological features usually associated
with node-negative patients with micrometastases,
as indirect markers for the presence of micrometas-
tases. In the present study, a significant correlation
was observed between the preoperative CA19-9 se-
rum levels and tumour size, perineural invasion,
and type Borman IV tumours. All of these patho-
logical features are signs of more aggressive and
invasive tumour behavior’*®, and patients with
tumours that show such features were found to be
at greater risk for haematogenic spread and micro-
metastases in the lymph nodes.

To determine whether the cut-off value of the
CA19-9 serum levels has a similar prognostic im-
pact on node-negative patients as described for
micrometastases, we compared the survival of the
node-negative patients stratified into two groups
according to the derived CA19-9 cut-off level.
While there was no difference in the cumulative
survival rate, a significant difference was found
when the TINO patients were excluded. Patients
with a tumour limited to the mucosa (T1la) have
an excellent long-term survival rate, and when a
D2 lymphadenectomy is performed, only a modest
survival benefit is achieved compared to patients
without micrometastases.?#?3¢ Reports of the im-
pact of micrometastases on survival are usually re-
stricted to stages T1b, T2 and T3.282363” These find-
ings coincide with our data here that indicate a sur-
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vival benefit for the T2 to T4NO patients with lower
CA19-9 serum levels, and hence a lower probabil-
ity of micrometastases. Assuming that preopera-
tive CA19-9 serum levels are indeed a marker for
micrometastases in node-negative patients, we can
see that the stratification of patients according to
our CA19-9 cut-off level had the same impact on
survival as would be expected in patients with mi-
crometastases. However, although this cut-off of
CA19-9 serum levels of 3.5 IU/ml was identified as
a significant predictor with univariate analysis, it
failed to reach the limit of significance with multi-
variate analysis. Thus, multivariate analysis iden-
tified only T stage and the number of extracted
lymph nodes as significant prognostic factors for
overall survival.

Although tumour markers have been extensive-
ly used for the follow-up of oncological patients,
their preoperative prognostic value remains to be
determined. Based on our data, we show here that
tumours with elevations in CA19-9 serum levels
above 3.5 IU/ml share similar pathological proper-
ties as seen in patients with micrometastases. This
would identify the patients with higher likelihood
for haematogenic dissemination. Whether CA19-9
serum levels can serve as a surrogate marker for
micrometastases in patients with gastric cancer re-
mains a matter of debate, but we have shown here
that our CA19-9 cut-off of 3.5 IU/ml has prognostic
significance in some node-negative patients, and in
the future, this might be one of the preoperative
screening tests that can be used to guide surgical
and multimodal treatments of patients with node-
negative gastric cancer.
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