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Abstract

AIM

To evaluate the prognostic significance of perioperative carcinoembryonic
antigen (CEA) and carbohydrate antigen 19-9 (CA19-9) levels in stage 11/111
gastric cancer.
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METHODS

From a multi-institutional retrospective database compiled by integrating clinical
data from nine institutions, data of 998 patients who underwent curative
resection for stage II/11I gastric cancer between 2010 and 2014 were retrieved and
analyzed. The prognostic impact of the preoperative and postoperative levels and
chronological changes in CEA, CA19-9 and their combination were evaluated. To
test whether postoperative adjuvant chemotherapy alters the prognostic impact
of perioperative CEA and CA19-9 levels, the hazard ratios for mortality were
compared between patients who underwent surgery alone and patients who
underwent surgery followed by adjuvant chemotherapy.

RESULTS

The prognostic impact of postoperative CEA and CA19-9 was superior to that of
the preoperative levels. Multivariable analysis identified high postoperative CEA
and CA19-9 levels as independent prognostic factors for overall survival.
Disease-free survival rates clearly decreased in a stepwise manner in association
with postoperative CEA and CA19-9 levels, and patients with high levels of both
markers showed significantly poorer prognosis than other patient groups. When
we analyzed perioperative changes in serum CEA and CA19-9 levels, patients
with high levels before and after surgery had the worst disease-free survival rates
among all patient groups. Patients with normalized CEA levels after surgery had
a significantly lower disease-free survival rate than those with normal
perioperative levels, whereas patients with normalized CA19-9 levels after
surgery had equivalent survival to those with normal perioperative levels. The
prognostic impact of high CEA levels was observably smaller in patients who
underwent adjuvant chemotherapy than in patients who underwent surgery
alone, whereas that of high CA19-9 was greater in patients who underwent
adjuvant chemotherapy. High postoperative CEA levels were significantly
associated with an increased prevalence of liver, lung and bone recurrences, and
high postoperative CA19-9 levels were significantly associated with increased
frequencies of lymph node and liver recurrences.

CONCLUSION

The evaluation of serum CEA and CA 19-9 levels both before and after surgery
provides useful information for precise risk stratification after curative
gastrectomy.

Key words: Gastric cancer; Carcinoembryonic antigen; Carbohydrate antigen 19-9;
Perioperative levels; Prognosis

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Although the outcomes of patients with advanced gastric cancer have gradually
improved with the development of adjuvant therapies, a large number of patients
experience disease recurrence after curative gastrectomy. To optimize the management
of each individual patient, accurate markers to predict prognosis are needed. In this
multicenter dataset analysis, we found that evaluation of the serum carcinoembryonic
antigen (CEA) and carbohydrate antigen 19-9 (CA19-9) levels both before and after
surgery provides more precise risk stratification of patients with stage II/I1I gastric
cancer. Patients with high postoperative CEA and CA19-9 levels are at high risk of
disease recurrence, and intensive postoperative management to detect hematogenous
recurrences should be considered.
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INTRODUCTION

Gastric cancer has been recognized as a common disease, particularly in East Asia,
and is one of the leading causes of cancer-related mortality worldwide!". Excellent
outcomes are expected from surgery alone when gastric cancer is diagnosed at stage I.
However, the estimated clinical courses are quite different in patients with stage II/II1
gastric cancer!'”l. Owing to the development of various adjuvant therapies for those
cases, treatment outcomes have gradually improved!”. Nevertheless, there certainly
remains a patient population with disease recurrence after curative gastrectomy, as
indicated by the results of pivotal clinical trials (Supplemental Figure 117l The
accurate prediction of patient prognosis is an important task in optimizing
management for each individual patient. For this purpose, in clinical practice, serum
tumor markers are ideal options in terms of cost, convenience, and noninvasiveness.

Carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9) are
serum tumor markers that have long been routinely used in the diagnosis and
monitoring of gastrointestinal malignancies, and their utility as prognostic predictors
has been reported many times™'"l. In most previous reports, only the preoperative
levels of CEA and CA19-9 were evaluated, although alterations in their levels after the
resection of primary tumors and regional lymph nodes vary among patients!''*l. We
recently reported that the risk of recurrences can be stratified by examining both the
preoperative and postoperative levels of serum CEA and CA19-9. In addition,
perioperative CEA levels facilitated the prediction of hematogenous metastasis as an
initial recurrent pattern after curative gastrectomy in patients with advanced gastric
cancer. However, our previous study suffered from caveats such as being a single
institution study with a small sample size and variabilities in the adjuvant treatments
given due to the change in standard of care during the acquisition of data. We found
previously that postoperative S-1 adjuvant chemotherapy substantially alters
prognostic factors after gastrectomy for advanced gastric cancer. Accordingly, the
influence of adjuvant chemotherapy implementation should be considered in
evaluating the prognostic ability of tumor markers.

From this perspective, we compiled a large-scale multi-institutional retrospective
database and analyzed patients who underwent resection of gastric cancer between
2010 and 2014. The purpose of this study was to reappraise the prognostic significance
of perioperative serum CEA and CA 19-9 levels in patients with stage II/III gastric
cancer.

MATERIALS AND METHODS

Patients

Clinical data from 3484 patients who underwent gastrectomy for gastric cancer
between January 2010 and December 2014 were retrospectively collected from
medical records at nine institutions. Of these patients, we retrieved 998 patients for
subsequent analyses according to the following inclusion criteria: no preoperative
treatment, RO gastrectomy with systematic lymphadenectomy performed according to
the Japanese Gastric Cancer Treatment Guidelines!!], pathological stage II/III gastric
cancer according to the TNM Classification of Malignant Tumors, 8" Edition!'”), and
sufficient data for analysis (Figure 1). Patients with gastric stump cancer, patients who
underwent extended surgery (e.g., pancreaticoduodenectomy and Appleby’s
procedure) and patients with a postoperative follow-up period <3 mo were excluded.
This study conforms to the ethical guidelines of the World Medical Association
Declaration of Helsinki-Ethical Principles for Medical Research Involving Human
Subjects. Patients provided written informed consent for surgery and the use of
clinical data as required by the Institutional Review Board at each participating
institute.

Treatment

The patients underwent gastrectomy with systematic lymphadenectomy according to
the Japanese Gastric Cancer Treatment Guidelines!*], and the reconstruction method
was determined at the surgeon’s discretion. The patients received postoperative
follow-up that included physical examinations, laboratory tests, and enhanced
computed tomography (chest and abdominal cavity) once every 6 mo for 5 years or
until recurrencel’®"’l. S-1 monotherapy for 12 mo or capecitabine plus oxaliplatin for 6
months has been recommended for all patients as a postoperative adjuvant treatment
unless contraindicated by the patient’s condition or by patient refusal®*l. Treatment
after recurrence was determined according to the evidence available at the time of
treatment, the patient’s condition, and the patient’s consent.
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Gastrectomy for gastric cancer
January 2010-December 2014

n = 3484
Preoperative treatment
n =188
Non-curative resection Curative resection

n =299 n = 2997

Gastric stump cancer 7 = 79

Extended surgery 7 = 6
Non-systematic lymphadenectomy 7 = 17

|

pStage [ pStage I /Il
n = 1740 n = 1155

l

‘ Sufficient data for analysis ‘

¢—‘—¢

Yes No
n =998 n =157
Enrolled

Figure 1 Flowchart of patient inclusion.

Measurement of perioperative serum tumor markers

The baseline levels of serum CEA and CA19-9 were measured within 14 d before
gastrectomy. The postoperative CEA and CA19-9 levels were determined 6-10 wk
after surgery and before the administration of adjuvant chemotherapy. We employed
marker cutoff values (CEA, 5.0 ng/mL; CA19-9, 37 IU/mL) commonly used in Japan
to divide patients into the normal and high groups.

Statistical analysis

The qualitative y? and quantitative Mann-Whitney U tests were used to compare the
two groups. The differences in survival, hazard ratio (HR), and 95% confidence
interval (CI) were calculated using Cox proportional hazards models. Variables with a
P value < 0.01 were incorporated into the final model of multivariable regression
analysis. Statistical analysis was performed using JMP 10 software (SAS Institute Inc.,
NC, United States). A P value < 0.05 was considered statistically significant.

RESULTS

Patient characteristics

The perioperative characteristics of the 998 patients are summarized in Supplemental
Table 1. The median values of preoperative serum CEA and CA19-9 were 2.4 ng/mL
and 12.0 IU/mL, respectively, and 192 (19.2%) and 162 (16.2%) patients had levels of
preoperative serum CEA and CA19-9 higher than the cutoff values. Patients were
pathologically diagnosed with stages IIA (n = 236), IIB (n = 222), IIIA (n = 297), IlIB (n
=174), and IIIC (n = 69). The median values of postoperative serum CEA and CA19-9
were 2.2 ng/mL and 8.8 IU/mL, respectively, and 114 (11.4%) and 83 (8.3%) patients
had postoperative serum CEA and CA19-9 levels higher than the cutoff values.
Postoperative adjuvant chemotherapy was administered to 646 (64.7%) patients. The
median postoperative follow-up period was 50.5 months (range 3.5-93.7 mo).

Prognostic impact of preoperative levels of CEA, CA19-9 and combination

The patients were categorized into the following four groups according to the
preoperative levels of CEA and CA19-9: normal serum values for both CEA and
CA19-9 (both normal), serum value above the cutoff value for CEA only (CEA high),
serum value above the cutoff value only for CA19-9 only (CA19-9 high), and serum
values above the cutoff values for both CEA and CA19-9 (both high). Both overall and
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disease-free survival rates decreased in a stepwise manner from the both normal
group to the CEA high and CA19-9 high groups and then to the both high group
(Figure 2A). There were significant differences in disease-free survival rates between
the both normal group and the CEA high and CA19-9 high groups combined, and
also between the CEA high and CA19-9 high groups combined and the both high
group. In comparison with the both normal group, the HRs for disease recurrence in
the CEA high, CA19-9 high and both high groups were 1.62 (95%CI: 1.17-2.20, P =
0.0044), 1.67 (95%ClI: 1.16-2.35, P = 0.0065) and 2.54 (95%ClI: 1.63-3.79, P = 0.0001),
respectively.

Prognostic impact of postoperative levels of CEA, CA19-9 and combination
The patients were likewise categorized into four groups according to the
postoperative levels of CEA and CA19-9. With respect to overall survival, patients in
the both high group had a significantly inferior prognosis than all other groups
(Figure 2B). Disease-free survival rates decreased more clearly in a stepwise manner
in the following order: both normal, CEA high, CA19-9 high, and both high (Figure
2B). In comparison with both normal group, the HR for disease recurrence for the
CEA high, CA19-9 high and both high groups were 1.60 (95%CI: 1.08-2.28, P = 0.0197),
2.38 (95%Cl: 1.57-3.47, P = 0.0001) and 5.63 (95%CI: 3.12-9.32, P < 0.0001), respectively.
The prognostic values of the serum CEA and CA19-9 levels before and after
surgery are summarized in Table 1. Generally, the predictive performance of the
postoperative levels of the markers was superior to that of the preoperative values.
Notably, high postoperative CA19-9 demonstrated the highest HR for disease
recurrence. Multivariable analysis using a stepwise regression model identified high
postoperative CEA and CA19-9 levels, but not preoperative levels, as independent
prognostic factors for overall survival (HR 1.93, 95%Cl: 1.27-2.87, P = 0.0024 and HR
1.70, 95%CI: 1.10-2.53, P = 0.0188, respectively; Supplemental Table 2.

Perioperative changes in CEA and CA19-9 levels and survival

To examine whether perioperative changes in serum tumor marker levels have a
superior predictive value to single-point measurement, patients were categorized into
four groups according to perioperative levels as follows: Normal levels before and
after surgery (normal-normal), high only before surgery (high-normal), high only
after surgery (normal-high) and high before and after surgery (high-high). For both
CEA and CA19-9 levels, the high-high group had the worst disease-free survival rates
among the four groups (Figure 3A). Regarding CEA levels, the high-normal group
had a significantly lower disease-free survival rate than the normal-normal group (HR
1.43, 95%CI: 1.00-2.00, P = 0.0477). In contrast, regarding CA19-9, the survival rates of
the normal-normal and high-normal groups were equivalent (Figure 3A).

Prognostic impact of levels of perioperative tumor markers according to
postoperative adjuvant chemotherapy

The HRs for overall and disease-free survival of perioperative CEA and CA19-9 levels
were determined in patients with and without postoperative adjuvant chemotherapy.
Interestingly, the HRs of elevated CEA levels were generally lower in patients who
underwent adjuvant chemotherapy than in patients who underwent surgery alone
(Figure 3B). In contrast, the HR for death of elevated CA19-9 was greater in patients
who underwent adjuvant chemotherapy than in patients who underwent surgery
alone (Figure 3B).

Association between perioperative levels of tumor markers and initial recurrence
patterns Patients with high preoperative CEA levels had significantly higher overall
recurrence rates than those with normal preoperative CEA levels (38.5% and 26.8%,
respectively; Figure 4A). Statistically significant differences were observed in the
prevalence of liver and lung recurrences between patients with normal and high
preoperative CEA levels (Figure 4A). Similar but clearer trends were found in the
analysis of postoperative levels. Patients with high postoperative CEA levels had
significantly greater prevalence of liver, lung and bone recurrences than patients with
normal postoperative CEA levels (Figure 4B). High postoperative CA19-9 levels were
significantly associated with increased frequencies of lymph node and liver
recurrences (Figure 4B).

DISCUSSION

Herein, using a multicenter database, we investigated how the perioperative serum
CEA and CA 19-9 values predict the prognosis of patients who underwent curative
resection of stage II/III gastric cancer between 2010 and 2014. The postoperative levels
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Figure 2 Prognostic impact of serum tumor markers. A: Overall and disease-free survival curves according to preoperative carcinoembryonic antigen (CEA) and
carbohydrate antigen 19-9 (CA19-9) levels; B: Overall and disease-free survival curves according to postoperative CEA and CA19-9 levels. CEA: Carcinoembryonic
antigen; CA19-9: Carbohydrate antigen 19-9.

of CEA and CA 19-9 were found to be stronger prognostic factors than the
preoperative values, and observing both tumor markers over time enabled more
precise risk stratification than the single-point measurement of a single marker. In
addition, the prognostic relevance of elevated postoperative CEA level was
attenuated when adjuvant chemotherapy was administered whereas that of
postoperative CA19-9 level was relatively unaffected.

Although various gastric cancer-related molecular markers have been explored in
recent years, the classical serum tumor markers CEA and CA 19-9 are still routinely
measured in clinical practice!®?*?!I. CEA is one of the cell adhesion factors first
identified in human colon cancer tissues by Gold and Freeman in 1965 CA19-9 is a
glycolipid secreted antigen, a ligand for E-selectin first identified in the early 1980s,
and is expressed in the epithelia of various organs”!. The mechanisms of elevation of
CEA and CA19-9 in the serum have not yet been clarified. For example, a discrepancy
has been reported between the tissue and serum expression levels of CEA: serum
CEA concentration could be influenced by factors such as tumor differentiation,
location of CEA expression within cancer cells, and the degree of vascular invasion
rather than the amount of CEA in the tumor tissues per sel”'"*?"*I In any case,
measurement of serum CEA and CA 19-9 remain important options in routine
practice with respect to the accumulation of data, availability, cost and
noninvasiveness, and thus, we sought ways to make maximum use of this
information. Although widely used, they are not ideal markers because of their
relatively low sensitivity and specificity in the diagnosis and prognosis of gastric
cancer when used by preoperative values of a single marker”"**1. According to our
data, examining and judging the two markers together in a clinical setting is advisable
because the combination of CEA and CA19-9 provided a more precise risk
stratification than a single marker. Based on the literatures from Western and Asian
countries, serum levels and clinical significance of CEA are almost identical in both
areas. CA 19-9 is not expressed in patients who lack the Lewis antigen and the
proportions of Lewis negative individuals are approximately 10% both in the
Caucasian and Asian population™*'l. These facts indicated that our findings may be
applicable in a broad area of the world.

There have been few reports on the prognostic impact of postoperative CEA and
CA19-9 levels in patients with stage II/III gastric cancer!"*'**I. High postoperative
CEA and CA19-9 were identified as independent prognostic factors in multivariable
analysis, while the preoperative values were not. In particular, high postoperative
CA19-9 showed the highest HR for disease-free survival. Our findings indicated that
the postoperative (before adjuvant chemotherapy) measurement of CEA and CA19-9
provides additional information for planning the intensity of postoperative
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Table 1 Prognostic values of pre- and postoperative levels of carcinoembryonic antigen and carbohydrate antigen 19-9

Preoperative levels Postoperative levels
Overall survival Disease-free survival Overall survival Disease-free survival
HR  95%Cl P HR  95%CI P HR  95%CI P HR  95%Cl P
CEA (>5ng/mL) 202 148273 <00001 170 130220 00002 230 159-323 <0.0001 1.89 1.36-256  0.0002

CA19-9 (>371IU/mL) 159 1.11-2.23 0.0125 176  1.32-232  0.0002 261 1.72-3.81 <0.0001 276 1.96-3.78  <0.0001

HR: Hazard ratio; CI: Confidence interval; CEA: Carcinoembryonic antigen; CA19-9: Carbohydrate antigen 19-9.

surveillance and treatment. A close correlation between a high postoperative level
and prognosis is considered reasonable because high levels after curative gastrectomy
with systemic lymph node dissection might represent the existence of remnant
micrometastasis outside the surgical field">*!. Furthermore, the measurement of
postoperative levels gives physicians an opportunity to investigate the perioperative
changes in CEA and CA19-9 levels. Only a few studies report the normalization of
postoperative tumor markers to be associated with a favorable prognosis in patients
with gastric cancer!”"*-*1. In this study, patients with normalization of CEA levels
after surgery had a better prognosis than patients in whom the postoperative CEA
levels remained high but an inferior prognosis to those with normal CEA levels before
and after surgery. On the other hand, CA19-9 showed a different trend from CEA,
and the survival curve of the population in which CA 19-9 levels normalized after
surgery was nearly identical to that of patients with normal CA19-9 levels before and
after surgery. Most importantly, lack of normalization of either CEA or CA19-9
indicated poor outcome. From these viewpoints, the perioperative measurement of
CEA and CA19-9 would be a more powerful approach than preoperative single-point
measurement and is recommended to improve clinical care and the explanation of
disease conditions.

We recently reported that the prognostic factors were quite different between
gastric cancer patients who underwent surgery alone and those who underwent
surgery followed by adjuvant S-1 monotherapy. In that study, high preoperative
serum CEA level was a significant prognostic factor in the surgery alone group but
not in the postoperative adjuvant S-1 group, suggesting that the prognostic
significance of tumor markers may be altered by adjuvant chemotherapy!*.. However,
many patients treated in the early 2000s before the standardization of S-1 adjuvant
therapy were included in the analysis. In this study, we reexamined the influence of
adjuvant chemotherapy on the prognostic impact of CEA and CA19-9 levels, focusing
on stage II/III gastric cancer patients treated after the standardization of S-1 adjuvant
therapy. The linkage of high CEA levels to a poor prognosis was reduced by adjuvant
chemotherapy. Conversely, adjuvant chemotherapy had little influence on the
prognostic significance of high CA19-9 levels. These findings should be carefully
interpreted because differences in the patient background between the surgery alone
and adjuvant chemotherapy groups can be a potential source of selection bias.
However, the results suggested that patients with high postoperative CEA levels can
expect to benefit from adjuvant chemotherapy.

Consistent with our previous report, high postoperative CEA levels were closely
correlated with hematogenous (liver and lung) recurrences. Moreover, high
postoperative CA19-9 levels were significantly associated with lymph node and liver
recurrences!’. The 5-year follow-up data of the Adjuvant Chemotherapy Trial of S-1
for Gastric Cancer (ACTS-GC trial) suggest that postoperative adjuvant S-1
monotherapy contributes to the reduction of peritoneal recurrences rather than
hematogenous recurrences”’l. Since the majority of patients underwent S-1
monotherapy as adjuvant chemotherapy, a reasonable speculation is that the
prevalence of peritoneal recurrences was reduced by S-1 even in patients with high
CEA and/or CA19-9 levels. This situation would be a possible reason for the low
correlations between levels of tumor markers and peritoneal recurrence in this study.
Nonetheless, our data highlighted that the development of serum markers to
accurately predict peritoneal recurrence is another important issue.

Despite use of a database with greater number of patients, the study limitation
inherent to the retrospective nature remains unresolved. The appropriate timing of
measurement and optimal cutoff values of perioperative tumor markers for maximal
risk stratification are unresolved issues. Further discussion could have been possible if
data on the levels of CEA and CA19-9 at some other timepoints after the
administration of adjuvant chemotherapy were available. Combining the current
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Figure 3 Evaluation of serum tumor markers before and after surgery. A: Disease-free survival curves according to perioperative changes in carcinoembryonic
antigen (CEA) and carbohydrate antigen 19-9 (CA19-9) levels; B: Effects of postoperative adjuvant chemotherapy on the prognostic impact of the perioperative levels
of CEA and CA19-9. CEA: Carcinoembryonic antigen; CA19-9: Carbohydrate antigen 19-9.

information with serum CA125 and CA72-4 levels might further improve risk
stratification from the viewpoint of predicting peritoneal recurrences!'>***. Recently,
several candidate molecular markers having the potential to inform molecularly
motivated and patient subtype-oriented therapeutic decisions for patients with stage
II/1II gastric cancer have been emerged as Cheong et al”*! showed that a predictive
single patient classifier test based on tissue expression of GZMB, WARS, SFRP4, and
CDX1 can identify patients who will benefit from adjuvant chemotherapy. In the
future, novel biomarkers for gastric cancer with high sensitivity and specificity are
expected to be available after validation in large-size clinical trials.

Taken together, our results indicated that evaluating the combination of serum
CEA and CA 19-9 levels both before and after surgery is desirable because these
markers have distinct dynamics and prognostic significance. Patients with high
postoperative CEA and CA19-9 levels are at high risk of disease recurrence; thus,
intensive postoperative management, including whole-body surveillance to detect
hematogenous metastasis, should be considered.
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ARTICLE HIGHLIGHTS

Research background

There certainly remains a patient population with disease recurrence after curative gastrectomy
for advanced gastric cancer. The accurate prediction of patient prognosis is an important task in
optimizing management for each individual patient. Carcinoembryonic antigen (CEA) and
carbohydrate antigen 19-9 (CA19-9) are have long been widely used for the diagnosis and
monitoring of gastric cancer. However, their performance remains unsatisfactory and further
improvement is needed.

Research motivation

In our previous paper, we reported that the risk of recurrences can be stratified by examining
both the preoperative and postoperative levels of serum CEA and CA19-9. However, our
previous study suffered from caveats such as being a single institution study with a small
sample size and variabilities in the adjuvant treatments given due to the change in standard of
care during the acquisition of data. Our data should be verified by a larger and modern cohort
and the influence of adjuvant chemotherapy implementation should be considered in evaluating
the prognostic ability of tumor markers.

Research objectives

To reappraise the prognostic significance of perioperative serum CEA and CA 19-9 levels in
patients with stage II/III gastric cancer, we designed a large-scale multi-institutional
retrospective database and analyzed patients who underwent resection of gastric cancer between
2010 and 2014.

Research methods

Data of 998 patients who underwent curative resection for stage II/III gastric cancer between
2010 and 2014 at the nine participating institutions was analyzed. Prognostic impact of the
preoperative and postoperative levels and chronological changes in CEA, CA19-9 and their
combination were evaluated. The hazard ratios for mortality were compared between patients
who underwent surgery alone and patients who underwent surgery followed by adjuvant
chemotherapy.

Research results

Postoperative levels had better prognostic values compared to preoperative levels. Disease-free
survival rates gradually reduced according to postoperative CEA and CA19-9 levels, and
patients with high levels of both markers had the worst prognosis. Patients with normalized
CEA levels after surgery had a significantly lower disease-free survival rate than those with
normal perioperative levels, whereas patients with normalized CA19-9 levels after surgery had
equivalent survival to those with normal perioperative levels. The prognostic impact of high
CA19-9 was greater in patients who underwent adjuvant chemotherapy.
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Research conclusions

We herein showed the combination and preoperative measurement of serum CEA and CA 19-9
levels can be a promising tool to predict prognosis of patients with stage II/1II gastric cancer.
Using a multi-institutional large-size database, our data was successfully refined and more
convincing than the previous one.

Research perspectives

Serum CEA and CA 19-9 levels have distinct dynamics and prognostic significance. Intensive
postoperative management should be considered. The appropriate timing of measurement and
optimal cutoff values of perioperative tumor markers for maximal risk stratification are
unresolved issues. In the future, novel biomarkers for gastric cancer with high sensitivity and
specificity are expected to be available after validation in large-size clinical trials.
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