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Background: Baseline serological biomarkers have the potential to predict the
benefits of adjuvant chemotherapy in patients with gastric cancer. However, the
fluctuating nature of postoperative recurrence risk makes precise treatment
challenging. We aimed to develop a risk score in real-time predicting
outcomes for postoperative GC patients using blood chemistry tests.

Materials and methods: This was a retrospective, multicentre, longitudinal
cohort study from three cancer centres in China, with a total of 2737 GC
patients in the pTNM stage Ib to Ill. Among them, 1651 patients with at least
two serological records were assigned to the training cohort. Model validation
was carried out using separate testing data with area under curve (AUC). The least
absolute shrinkage and selection operator (LASSO) and random forest-recursive
feature elimination (RF-RFE) algorithm were used to select the parameters.

Results: The Cox regression model derived six risk factors to construct a
composite score (low-risk: 0-2 score; high risk: 3-6 score), including CEA,
CA125, CA199, haemoglobin, albumin, and neutrophil to lymphocyte ratio. The
risk score accurately predicted mortality in 1000-time bootstrap
(AUROCs:0.658; 95% Cl: 0.645, 0.670), with the highest AUROC (0.767; 95%
Cl: 0.743, 0.791) after 1 year since the gastrectomy. In validation dataset, the risk
score had an AUROC of 0.586 (95% Cl 0.544, 0.628). Furthermore, patients with
high risk at 1 month derived significant clinical benefits from adjuvant
chemotherapy (P for interaction <0.0001). Compared with the low-low-low
risk group, the low-low-high risk group of the long-term state chain (risk state at
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baseline, 6 months, 1 year) had the worse OS (HR, 6.91; 95%Cl: 4.27, 11.19) and
DFS (HR, 7.27; 95%Cl: 4.55, 11.63).

Conclusion: The dynamic risk score is an accurate and user-friendly serological
risk assessment tool for predicting outcomes and assisting clinical decisions

after gastrectomy.
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state chains

1 Background

Gastric cancer (GC) is the third most prevalent cancer and the
second leading cause of cancer-related deaths in China (1). It is the
third leading cause of cancer-related deaths worldwide (2). Radical
gastrectomy is the most effective treatment for resectable GC. However,
within 5 years after curative resection with systemic therapies,
approximately 6%-86% of patients with stage Ib to III GC will
experience recurrence, which significantly contributes to death from
GC (3). Tumour markers, such as CEA and CA19-9, are extensively
utilised in clinical practice to effectively identify tumour recurrence,
owing to their cost-effectiveness and ability to provide real-time
monitoring. Several treatment guidelines advocate the early detection
of tumour markers, which often precedes the detection of recurrence/
metastasis by imaging examinations for 2-3 months (4-6).

A nationwide prospective observational study suggested that
monitoring CEA and/or CA19-9 levels after surgery could help
predict the recurrence of GC, especially in patients with high
preoperative levels of these markers (6). Despite achieving a
sensitivity of 85.0% for recurrence (4), the positive rates were
21.1% for CEA and 27.8% for CA19-9 (7). The combined use of
CEA and CA19-9 has limitations regarding personalised prediction,
and there is a pressing need to incorporate other serological tests. The
Chinese and European treatment guidelines not only recommend
these blood chemistries but also advocate for whole blood count and
liver-renal function tests in China (4, 8). In addition, a previous study
summarised several immunological and nutritional factors that
influence recurrence after radical surgery (9). These factors are
associated with the clinical outcomes of patients with GC,
including the neutrophil-to-lymphocyte ratio (NLR) (10, 11),
lymphocyte-monocyte ratio (12) (LMR), platelet-lymphocyte ratio
(PLR) (13, 14), and systemic immune-inflammation index (SII) (15).
Factors related to the nutritional status of patients, such as serum
albumin (16) and body mass index (17), also play a role.
Furthermore, changes in perioperative LMR at different time points
have helped predict the long-term survival of GC patients (18).

However, whether serial analysis of blood chemistry tests offer
real-time insights into the effectiveness of adjuvant chemotherapy in
patients with GC remains unclear. There is still no evidence of a
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comprehensive evaluation of the monitoring value of blood tumour
markers and immuno-nutritional indices after surgery. In this study,
we collected and analysed longitudinal blood chemistry data,
including whole blood counts, liver function tests, and tumour
marker levels, from a multicentre cohort. Our findings indicate that
a composite score based on selected serological parameters can
dynamically and accurately predict the risk of death after surgery.
Additionally, we examined the predictive performance and survival
of the short- and long-term risk state chains using composite scores.

2 Materials and methods
2.1 Study design and follow-up

This was a retrospective, multicentre, longitudinal cohort study
from three cancer centres in China, with 2,737 patients with GC in
TNM stages Ib to III. Among these patients, 1,651 with GC
confirmed by at least two serological tests and admitted to the
Xijing Hospital in Shanxi Province, China, from 1 January 2011 to
13 December 2016, were evaluated for inclusion. The final follow-
up was on 5 November 2022. Additionally, out of the 2,737 patients,
1,086 with only baseline serological tests were enrolled from two
hospitals in Fujian Province, China, from 1 January 2009 to 31
December 2011. Patients receiving preoperative neoadjuvant
therapy were excluded for further analysis.

Most patients received adjuvant chemotherapy postoperatively.
They were followed up every 3-6 months during the first 2 years
and subsequently every 6-12 months up to year 5. After 5 years,
follow-ups were conducted annually.

This study was approved by the Ethics Committee of the Hospital
(Approval No. KY20192088-F-1). Due to the retrospective design of
this study, informed consent was not required.

2.2 Data collection and definitions

We gathered demographic information, clinical or pathological
characteristics, laboratory test results, and outcome data of the
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training cohort from the database of Xijing Hospital. Data from two
Fujian hospitals were obtained as validation cohorts using data
collection forms from patients’ electronic medical records.

Serological values were extracted, including complete blood
counts (WBC count, neutrophil count, lymphocyte count,
monocyte count, haemoglobin concentration, and platelet count),
tumour biomarkers (CEA, CA199, CA125, and AFP), and serum
albumin. Preoperative serological values were defined as those
closest to gastrectomy without any treatment. Postoperative
variables were recorded in each follow-up before any treatment.
Besides, only the first records were included for patients with
repeated serological tests at each follow-up visit. The neutrophil/
lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR),
lymphocyte/monocyte ratio (LMR), and systemic immune
inflammation index (SII, plateletxneutrophil/lymphocyte) were
calculated and used as candidate predictors because of their
significant prognostic value for GC.

The primary outcome was overall survival (OS), from surgery to
all-cause mortality. Additionally, disease-free survival is considered
a secondary outcome from surgery to recurrence or all-
cause mortality.

2.3 Predictor selection and
model development

Figure 1 shows the variable selection process. All patients in the
training cohort were included in the variable selection and model

B1
Xijing longitudinal cohort
(n=1651)

Fujian multicenter cohort
(n=1086)

10.3389/fonc.2024.1327691

development. To improve the risk score, 7 of the 15 variables
(complete blood counts and serum albumin) were transformed into
two categorical variables representing > upper or < lower limit of
normal. Additionally, four tumour biomarkers were transformed
into CEA (CEA_H, > 5 ng/mL), CA199 (CA199_H, > 37 U/mL),
CA125 (CA125_H, > 35 U/mL), and AFP (AFP_H, > 25 ng/mL)
increase according to the upper limit of normal. Based on the recent
studies, NLR, PLR, LMR, and SII were transformed into two
categorical variables (NLR_H, > 2.5 (10, 14); PLR_H, > 2484
(14); LMR_H, > 3.4 (18); SII_H, > 508.3 (19)). These cut-off
values were further validated in the training cohort at baseline
through the receiver operating characteristic (ROC) curve
(Supplementary Table S1). Thus, 22 variables were used for
subsequent variable selection.

Subsequently, the least absolute shrinkage and selection
operator (LASSO) algorithm was implemented to select potential
predictive factors using penalty parameter tuning through 10-fold
cross-validation. Additionally, the random forest-recursive feature
elimination (RF-RFE) algorithm was employed in parallel for factor
selection. Finally, we merged the factors selected by the LASSO and
RF-RFE algorithms.

2.4 Score development and validation

To validate the predictive ability of the fixed effects and enhance
clinical usability, we assigned a numerical score to each of the final
selected predictors proportional to its specific coefficient in the Cox
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Study and Variable Selection Flowchart. (A) A total of 22 categorized variables were initially considered for inclusion in the selection process using
the Xijing longitudinal cohort. Eventually, 6 variables were chosen to develop the risk assessment score. (B1) Cross-validation plot for determining
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Absolute Shrinkage and Selector Operation; RF-RFE, Random Forest Recursive Feature Elimination.
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proportional hazards regression model. This allowed us to develop a
composite score and calculate the dynamic risk scores for each
patient based on their serological records over 3 years. To assess the
model’s overall performance in predicting the risk of death, we
conducted a covariate-specific time-dependent ROC curve analysis
in the training cohort. The HI-GC risk score derived from the Cox
model was validated externally.

To evaluate the prediction accuracy across different follow-up
periods, we divided the follow-up periods into quartiles. We
assessed the average area under the receiver operating
characteristic (AUROC), sensitivity, and specificity of the mean
score within each quartile. Based on clinical practice and 8,395
observations, we identified four optimal subgroups for further
analysis: Q1 (0-1 month), Q2 (1-6 months), Q3 (6-12 months),
and Q4 (> 12 months). Subsequently, we further validated the
score’s performance in 1,086 patients from the Fujian Province
using only baseline variables.

2.5 Risk state transition analysis

Survival was calculated using the Kaplan-Meier method with a
log-rank test, and univariate comparisons were performed using an
unadjusted Cox model. Missing longitudinal data were handled
using multiple imputations (MI) with a random forest. A linear
fitting curve for the dynamic serological parameter trajectories was
plotted using a generalised additive model.

The HI-GC score categorises patients into the low- (HI-GC <3)
and high-risk (HI-GC 23) groups based on the 80th percentile. To
analyse the longitudinal risk state transitions further, we established
short- and long-term state chain models: (1) risk state at baseline
and 1 month after surgery, and (2) risk state at baseline, 6 months,
and 12 months. The risk state at 1 month was defined as the first
HI-GC score for Q2 (1-6 months). Similarly, the first scores for Q3
(6-12 months) and Q4 (> 12 months) were for 6 and 12 months,
respectively. We used this model to estimate the mean score of each
subgroup and the proportion of transitions between subgroups at
subsequent time points simultaneously. Harrell’s C-index was used
as a discrimination measure for short- and long-term state chains.

All statistical analyses were performed using R-3.6.3. Statistical
significance was defined by a two-sided P value less than 0.05.

3 Results
3.1 Clinical characteristics of patients

A total of 1,651 patients with 8,395 hospitalisation or follow-up
records were included in the analysis of the training cohort. The
baseline clinical characteristics are shown in Table 1. The
participants’ median age was 56.9 years (SD, 10.6), and 77.3%
were males. Gastrectomy was used as frontline treatment in patients
with AJCC 8th TNM stages Ib (n=140, 8.5%), II (n=485, 29.4%),
and III (n=1026, 62.1%). The majority (n=1,468, 88.9%) were
treated with adjuvant chemotherapy after surgery. The median
follow-up time was 5.8 (IQR, 2.0-7.9) years. All patients
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TABLE 1 Baseline characteristics of the training cohort group by HI-GC risk score.

Risk score
Low High
N 1264 387
Age 56.5 + 10.5 58.3 +10.6 0.003
BMI 225+£29 219 £28 <0.001
Sex 0.667
Male 980 (77.5%) 296 (76.5%)
Female 284 (22.5%) 91 (23.5%)
Type of gastrectomy 0.386
Proximal 102 (8.1%) 24 (6.2%)
Distal 519 (41.1%) 155 (40.1%)
Total 643 (50.9%) 208 (53.7%)
Differentiation 0.003
Well 127 (10.0%) 52 (13.4%)
Moderate 176 (13.9%) 74 (19.1%)
Poor/Undifferentiation 961 (76.0%) 261 (67.4%)
Primary tumour location 0.612
Proximal 407 (32.2%) 122 (31.5%)
Body 368 (29.1%) 105 (27.1%)
Antrum 489 (38.7%) 160 (41.3%)
Lymphovascular invasion 0.110
No 397 (31.4%) 105 (27.1%)
Yes 867 (68.6%) 282 (72.9%)
Nerve invasion 0.048
No 108 (8.5%) 46 (11.9%)
Yes 1156 (91.5%) 341 (88.1%)
PN stage <0.001
0 346 (27.4%) 64 (16.5%)
1 249 (19.7%) 71 (18.3%)
2 276 (21.8%) 81 (20.9%)
3 393 (31.1%) 171 (44.2%)
pT stage <0.001
1 2 (0.2%) 0 (0.0%)
2 262 (20.7%) 39 (10.1%)
3 345 (27.3%) 111 (28.7%)
4 655 (51.8%) 237 (61.2%)
PTNM stage <0.001
I 126 (10.0%) 14 (3.6%)
1I 399 (31.6%) 86 (22.2%)
111 739 (58.5%) 287 (74.2%)

Mean+SD/N (%). Differences are compared using the chi-square test (or Fisher's exact test)
for categorical measures and Kruskal-Wallis test for continuous measures.
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underwent radical resection of gastric cancer with negative
surgical margins.

Supplementary Figure S1 illustrates the linear fitting curve for
the dynamic trajectories of the 15 serological parameters from
surgery to 3 years of follow-up. The ALB and HGB levels
increased over time after surgery, whereas CEA, CA199, CA125,
and NLR decreased steadily during the first 2 weeks, followed by a
smooth trend in the later period.

3.2 Predictor selection and
score development

All 1,651 patients with 8,395 observation data points in the
training cohort were included for variable selection and risk score
development. The variable selection process is illustrated in
Figure 1A. After discretisation, the 22 categorised variables were
used for subsequent variable selection.

Next, we used two different machine learning algorithms to
select the most significant variable for classifying the overall survival
of patients. First, a set of six variables (CEA_H, HGB_L, CA125_H,
ALB_L, CA199_H, and NLR_H) was identified using the LASSO
algorithm (Figures 1B1, B2). Second, we used the RF-RFE algorithm
and selected the same set of six variables (Figure 1B3). We found
that CEA_H, HGB_L, CA125_H, ALB_L, CA199_H, and NLR_H
were the six most important variables in predicting the risk of
death (Figure 1B4).

We then assigned each factor a numeric score by rounding the
number of specific coefficients in the Cox proportional hazards
regression model. Thus, a risk assessment scoring model (HI-GC
risk score) was established based on six predictors (CEA_H,
HGB_L, CA125_H, ALB_L, CA199_H, and NLR_H), with
possible scores ranging from 0 to 6 (Table 2).

The frequency distribution chart of the HI-GC risk score is shown
in Supplementary Figure S2A. Because the number of scores 0-2
accounts for 76.4% of all observational data, we set risk score 2 as the
cutoff value. The patients were divided into the low- (scores 0-2) and
high-risk groups (scores 3-6). Supplementary Figure S2B shows the
mean trajectories of the HI-GC risk score stratified by 1-year disease-
free survival during the 3-year follow-up period. In the disease
progression group, the risk score decreased from an elevated
preoperative level (> 3 points) to 2 points within 3 months of surgery

10.3389/fonc.2024.1327691

and then increased. However, in the disease-free group, the risk score
declined rapidly to 1 point within 3 months and remained stable.

3.3 Performance of HI-GC risk score in the
training and validation cohorts

We performed internal validation of the accuracy of the HI-GC
risk score using a 1,000-time bootstrap among patients with
outcomes. The average AUROC curve for the 1,000 subsets from
the training cohort was 0.658 (95% CI: 0.645, 0.670). On dividing
the follow-up period into quartiles, we observed an increasing
accuracy of the HI-GC risk score in predicting mortality across
different time intervals. The lowest AUROC, 0.606 (95% CI: 0.583,
0.629), was observed at 0-1 month after surgery, while the highest
AUROG, 0.767 (95% CI: 0.743, 0.791), was achieved at 12 months
after surgery (Supplementary Table S2). Similar results were
observed in additional subgroups, including patients aged <50
and >50 years, sex (female and male), TNM stages (I, II, and III),
and primary tumour locations (proximal, body, and antrum)
(Supplementary Table S3). The HI-GC risk score remained
consistent across different patient subgroups. Additionally, among
patients aged <50, the HI-GC risk score demonstrated the highest
accuracy after 12 months (AUROC: 0.792; 95% CI: 0.746, 0.837).
Similarly, for TNM stage I, the HI-GC risk score exhibited the
highest accuracy (AUROC: 0.824; 95% CI: 0.560, 1.000).

Supplementary Figure S3 showed the Kaplan-Meier survival
curves according to the HI-GC risk score. At baseline, the median
OS of the low-risk group was 11.43 years (95% CI: 9.44, NA), which
was significantly higher than the high-risk group (3.32; 95% CI:
2.82,4.58; P<0.0001) (Supplementary Figure S3A1). In addition, the
median DFS of the low-risk group (9.44; 95% CI: 8.28, NA) was also
greater than the high-risk group (2.57; 95% CI: 1.98, 3.73; P<0.0001)
(Supplementary Figure S3A2). At 12 months, the median OS (2.09;
95% CI: 1.93, 2.50) and DFS (1.49; 95% CI: 1.37, 1.69) of the high-
risk group were markedly lower than the low-risk group (median
OS and DFS not reached; P<0.0001) (Supplementary Figures S3B1,
B2). Compared with the low-risk group, hazard ratios (HRs) of OS
and DFS for the high-risk group were 5.42 (95% CI: 4.17, 7.03) and
5.38 (95% CI: 4.15, 6.96), respectively. While at the baseline, HRs of
OS and DEFS for the high-risk group were 1.64 (95% CI: 1.41, 1.91)
and 1.64 (95% CI: 1.42, 1.91), respectively.

TABLE 2 Point distribution according to the coefficiency in the Cox model for the longitudinal cohort.

Covariates B SE
CEA increase 0.32 0.04
CA125 increase 0.15 0.05
CA199 increase 0.28 0.04
ALB decrease 0.26 0.05
HGB decrease 0.32 0.03
NLR >2.5 0.23 0.03

1e1()] P-value Points
1.38 <0.0001 1
1.17 0.0014 1
1.32 <0.0001 1
1.30 <0.0001 1
1.38 <0.0001 1
1.26 <0.0001 1

CEA increase: CEA > 5ng/mL; CA125 increase: CA125 >35 U/mL; CA199 increase: CA199 > 37U/mL; ALB <35 g/L; HGB decrease < 120 g/L. NLR, neutrophil: lymphocyte ratio; SE,

standard error.

Cox model: A(t, X) = h_0 (t) exp(0.32[CEA increase] + 0.15[CA125 increase] + 0.28[CA199 increase] + 0.26[ALB decrease] + 0.32[HGB decrease] + 0.23[NLR > 2.5]).
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In the validation dataset, the baseline clinical characteristics of
the 1,086 patients from Fujian Province with only a single
serological test were described in Supplementary Table S4. In this
cohort, the HI-GC risk score had an AUROC of 0.586 (95% CI:
0.544, 0.628), a sensitivity of 0.485, a specificity of 0.647, and an
accuracy of 0.623. At baseline, the HR of OS for the high-risk group
was 2.19 (95% CI:1.39, 3.47; P<0.0006) when compared with the
low-risk group (Supplementary Figure S4).

3.4 Performance and survival analysis of
risk state transition chain in the
training cohorts

In the short-term state chain models, 1322 patients were
selected with two test records at baseline and 1 month. Four state
chains were identified: high-high risk (n=95, 7.2%), high-low risk
(n=214, 16.2%), low-high risk (n=157, 11.9%), and low-low risk
(n=856, 64.7%). The OS and DFS differed significantly among the
four state chains, as shown in Figures 2A, B (All P <0.0001).
Compared with the low-low risk group, the HRs of OS and DFS
were 3.48 (2.72, 4.46) and 3.27 (2.56, 4.18) for the high-high risk
group, respectively. Harrell’s C-index of the short-term state chain
for OS was 0.603 (95% CI: 0.583, 0.623).

To explore whether the short-term state-chain model has
predictive value for adjuvant chemotherapy. We performed a
subgroup analysis to calculate the HRs of clinical outcomes for
adjuvant chemotherapy stratified by state chain. As shown in
Table 3, only patients in the high- and low-risk groups showed a
significant clinical benefit from adjuvant chemotherapy (P <0.0001
for the interaction). HRs of adjuvant chemotherapy in the low-high
risk group were 0.38 (95%CI: 0.20, 0.72) for OS and 0.44 (95%CI:
0.23, 0.82) for DFS. Besides, the HRs were 0.41 (95%CI: 0.21, 0.79)
and 0.51 (95%CI: 0.26, 0.97) for OS and DFS in the high-high risk
group, respectively. After adjustment for the PS score, patients in
the high- and low-risk groups still had a significant clinical benefit
from adjuvant chemotherapy (P <0.0001 for interaction).

In total, 473 patients with medical records at baseline, 6 months,
and 12 months were included in the long-term state-chain model.
Figure 3 shows the mean HI-GC risk score for the low-risk or high-risk
group at the three-time points and the proportion of each risk state
transitioning to the next time point. The top three state chains were
low-low-low risk (L-L-L; n=347, 73.4%), high-low-low risk (H-L-L;
n=54, 11.4%), and low-low-high risk (L-L-H; n=26, 5.5%). Moreover,
the rest of the state chains were included in the other group (n= 46,
9.7%) because their percentages were below 5%. Of note, compared
with the low-low-low risk group, the low-low-high risk group has the
worse OS (HR, 6.91; 95%CI: 4.27, 11.19) and DFS (HR, 7.27; 95%CI:
4.55,11.63) (also see Figures 2C, D). Harrell’s C-index of the long-term
state chain for OS was 0.640 (95%: 0.622, 0.658).

4 Discussion

Serum biomarkers, such as tumour biomarkers, whole blood
count, and liver renal function tests, are widely used in clinical
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settings to dynamically detect tumour recurrence, assess nutritional
status, and evaluate potential chemotherapy toxicity. Although
imaging studies are necessary to diagnose tumour recurrence,
their high cost and limited applicability to larger tumours restrict
their use for early detection. Numerous studies have demonstrated
the prognostic and monitoring significance of CEA and/or CA199
(6, 20-24). The sensitivity of CEA or CA19-9 was higher in patients
with elevated preoperative levels than in those with normal levels
(25). Nevertheless, the pooled positivity rates were 21.1% for CEA,
27.8% for CA19-9 (7), and 45% for preoperative CEA/CA199 (6). In
clinical settings, immunological and nutritional statuses serve as
practical and valuable biomarkers for GC (9), offering potential
improvements in the predictive efficiency of CEA/CA199, such as
NLR (10, 11), LMR (12), PLR (13, 14), SIT (15), and ALB (16).
However, a comprehensive evaluation of these markers’ prognostic
and dynamic monitoring values remains challenging.

In this multicentre, longitudinal, retrospective cohort study, we
comprehensively evaluated the predictive value of tumour
biomarkers as well as immunological and nutritional indicators.
Finally, we identified CEA, HGB, CA125, ALB, CA199, and NLR as
the six most important prognostic indicators for patients with GC
after surgery. The development of the HI-GC risk score based on
these six variables allowed good prognostic accuracy and risk
prediction of death, with the highest AUROC (0.767; 95% CI:
0.743, 0.791) 1 year after gastrectomy. Furthermore, according to
the change in risk at different time points, we also established short-
and long-term state chain models, and their Harrell’s C-indices for
OS were 0.603(95%: 0.583, 0.623), 0.640 (95%: 0.622, 0.658),
respectively. To the best of our knowledge, the HI-GC risk score
is the first dynamic score model based on blood chemistry tests that
offer real-time insights into the effectiveness of adjuvant
chemotherapy in gastric cancer patients.

In the current study, we found a progressive improvement in
the accuracy of the HI-GC risk score over time after surgery.
Notably, the HI-GC risk score demonstrated superior predictive
performance in patients who completed adjuvant chemotherapy
(AUROC, 0.767; after 1 year) while showing a relative deficiency
within 1 year. Additionally, in the subgroup analysis, the top two
highest accuracy subgroups of risk score were patients with GC in
TNM stage I (AUROC: 0.824; 95% CI: 0.560, 1.000) and aged <50
(AUROC: 0.792; 95% CI: 0.746, 0.837) after 12 months. Although
the 95% confidence interval of the AUROC for gastric cancer
patients in TNM stage I was wide owing to the small sample size,
it still suggests the significant potential for postoperative
monitoring in this subgroup of patients with TNM stage I and
age <50.

Our study utilised the time-series data of the HI-GC risk score
to develop short- and long-term state chain models. This novel and
user-friendly method offers a simplified approach for clinicians who
can simply observe the number of predictive factors at different time
points to stratify patients into risk subgroups and assess their state
transitions without complex calculations. Additionally, it serves as a
valuable decision-making assistance system. Importantly, short-
term state-chain models strongly support the recommendation of
adjuvant chemotherapy for patients in the low-high and high-high
risk groups. Conversely, patients in the low-low and high-low risk

frontiersin.org


https://doi.org/10.3389/fonc.2024.1327691
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Lu et al.

10.3389/fonc.2024.1327691

A Risk Score == H-H = H-L =. L-H = L-L B Risk Score == H-H < H-L = L-H = L-L
100% 100%
> 75% > 75%
= =
[ ©
Q Qo
<) <}
o 50% o 50%
© ©
2 =
< i <
=3 l 1 =3
D 25% | . D 259%
' H |
p <10.0001; i
0% : : : 0%
0 2 4 6 8 10 0 2 4 6 8 10
Overall Survival(years) Diseas—free Survival(years)
Number at risk Number at risk
o 95 42 29 20 14 7 95 38 25 18 13 7
r/8> 214 155 120 94 64 18 (,8) 214 136 115 90 60 14
x 157 91 68 50 26 ¢ x 157 86 62 48 26 9
14 856 712 590 464 205 58 856 654 563 445 195 56
0 2 4 6 8 10 0 2 4 6 8 10
Overall Survival(years) Diseas—free Survival(years)
Cc D
Risk Score == H-L-L-* L-L-H=¥: L-L-L= Others Risk Score == H-L-L~* L-L-H=¥: L-L-L-=+ Others
100% 100%
> 5% > 5%
3 3
[ ©
Qo o
[< - [
T 50% : o 50%
s HEE - ©
E : lr i e e e e et — E
=3 1 ¢ -I =3
D 25% H T b ek e, D 259
Lo :
p<0po0f -
o
0% o 0%
0 2 4 6 8 10 0 2 4 6 8 10
Overall Survival(years) Diseas—free Survival(years)
Number at risk Number at risk
o 54 48 40 30 20 5 o 54 44 37 29 20 5
(% 2 14 6 5 2 0 (% 2% 8 5 4 1 0
x 347 331 286 222 100 5 X 347 310 275 217 94 24
4 46 30 19 16 8 2 46 25 18 16 8 2
0 2 4 6 8 10 0 2 4 6 8 10

Overall Survival(years)

FIGURE 2
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Kaplan-Meier survival curves of overall and disease-free survival according to short-term and long-term state chain models. (A, B) short-term risk
state at baseline and 1 month; (C, D) long-term risk state at baseline, 6 and 12 months. L, low risk; H, high risk

groups require further evaluation to identify potential beneficiaries.
Furthermore, long-term state chain models suggest the potential of
these models to guide differentiated follow-up strategies after 1 year.

This study has some limitations that should be considered when
interpreting the results. First, our study relied on retrospectively
collected serological tests from three cancer centres, which may limit
the generalizability of our findings to patients with different genetic
and geographic backgrounds. Second, the sample size of patients with
TNM stage I GC was relatively small, which may have affected the
robustness of our models. Therefore, further external validation using
a prospective large-scale population is necessary to confirm the
applicability of our models to a broader patient population. Third,
the timing and frequency of blood tests varied among the patients,
which could introduce bias, particularly in patients who underwent
more frequent tests because of early death. Fourth, the availability of
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baseline data of patients in the external validation sets limited the
validation of the HI-GC risk score. Further studies and data collection
are required to validate and refine these models. Finally, while our
serological model provides a convenient tool for risk stratification in
clinical settings, its development is based on several common
haematological indicators. In the future, we will consider additional
clinical and pathological factors in conjunction with our model to
develop a dynamic machine-learning model encompassing a
comprehensive risk assessment.

In summary, our study developed and validated the HI-GC risk
score, a practical tool for dynamically estimating the risk of death or
recurrence in post-surgical patients using serological parameters.
Because blood chemistry tests are widely available, the HI-GC risk
score has the potential to assist frontline clinicians in optimising
adjuvant chemotherapy and follow-up strategies.
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TABLE 3 Hazard ratio (95% confidence intervals) of clinical outcome for adjuvant chemotherapy stratified by short-term state chain.

State chain Overall Survival P value *
Unadjusted Adjusted with PS score® <0.0001

Low-Low 339 856 1.09 (0.74, 1.61) 0.80 (0.54, 1.19)

High-Low 111 214 1.34 (0.59, 3.05) 1.06 (0.46, 2.47)

Low-High 102 157 0.38 (0.20, 0.72) 0.29 (0.15, 0.57)

High-High 78 95 0.41 (0.21, 0.79) 0.38 (0.20, 0.73)

State chain Disease-free Survival P value
Unadjusted Adjusted with PS score® <0.0001

Low-Low 355 856 1.09 (0.75, 1.58) 0.83 (0.57, 1.21)

High-Low 116 214 1.00 (0.49, 2.06) 0.74 (0.35, 1.57)

Low-High 106 157 0.44 (0.23, 0.82) 0.34 (0.17, 0.67)

High-High 78 95 0.51 (0.26, 0.97) 0.47 (0.24, 0.91)

# PS score was calculated by age, sex, TNM stage, location, differential, lymphovascular invasion, and nerve invasion.
* All P values for interaction < 0.0001 before or after adjustment with PS score.
Low/High: Low risk or high risk at baseline or 1 month after surgery.

Time 1 Time 2 Time 3
9%
o\o

4%
&

N Percentage Events mOS (95%CI) HR (95%CI)
Low-Low-Low 347 73.4% 86 Not Reached 1
High-Low-Low 54 11.4% 22 NA (6.55,NA) 1.75 (1.10, 2.80)
Low-Low-High 26 5.5% 21 2.17(1.79, 3.26) 6.91 (4.27,11.19)
Other 46 9.7% 29 2.95(2.12,NA) 4.00 (2.62, 6.10)

N Percentage Events mDFS (95%CI) HR (95%CTI)
Low-Low-Low 347 73.4% 96 Not Reached 1
High-Low-Low 54 11.4% 22 NA (6.26, NA) 1.57(0.99, 2.50)
Low-Low-High 26 5.5% 22 2.17(1.05,2.53) 7.27 (4.55,11.63)
Other 46 9.7% 29 2.95 (1.46,NA) 3.63(2.39, 5.50)

FIGURE 3

Long-term state chain prevalence and transition proportions between the states at subsequent time points. The mean HI-GC risk score of each
status at each time point is recorded in the boxes. Time 1, time 2, and time 3 equals the time points of baseline, 6 months, and 12 months

after surgery.

Frontiers in Oncology 08 frontiersin.org


https://doi.org/10.3389/fonc.2024.1327691
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Lu et al.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the ethics
committee of the Xijing Hospital (Approval No. KY20192088-F-1).
The studies were conducted in accordance with the local legislation
and institutional requirements. Written informed consent for
participation was not required from the participants or the
participants’ legal guardians/next of kin because due to the
retrospective design of this study, informed consent was
not required.

Author contributions

LL: Conceptualization, Validation, Writing - original draft,
Writing - review & editing, Data curation, Formal analysis. WF:
Data curation, Writing — original draft, Writing — review & editing.
JY: Data curation, Writing — original draft, Writing - review &
editing. XG: Writing - original draft, Writing - review & editing.
XW: Writing - original draft, Writing — review & editing. JYY:
Writing - original draft, Writing - review & editing. WH: Writing -
original draft, Writing — review & editing. HX: Writing — original
draft, Writing - review & editing. LY: Writing - original draft,
Writing - review & editing. JJY: Writing - original draft, Writing -
review & editing. JZ: Writing - original draft, Writing — review &
editing. LH: Writing - original draft, Writing - review & editing. JL:
Writing - original draft, Writing - review & editing. ML: Writing -
original draft, Writing — review & editing. LS: Writing — original
draft, Writing - review & editing. KW: Funding acquisition,
Writing - original draft, Writing — review & editing. GJ: Funding

References

1. Zheng R, Zhang S, Zeng H, Wang S, Sun K, Chen R, et al. Cancer incidence and
mortality in china, 2016. ] Natl Cancer Center (2022). doi: 10.1016/j.jncc.2022.02.002

2. Bray F, Ferlay ], Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer ] Clin (2018) 68:394-424. doi: 10.3322/ caac.21492

3. Katai H, Ishikawa T, Akazawa K, Isobe Y, Miyashiro I, Oda I, et al. Five-year
survival analysis of surgically resected gastric cancer cases in japan: a retrospective
analysis of more than 100,000 patients from the nationwide registry of the japanese
gastric cancer association (2001-2007). Gastric Cancer (2018) 21:144-54. doi: 10.1007/
510120-017-0716-7

4. Wang FH, Zhang XT, Li YF, Tang L, Qu X]J, Ying JE, et al. The chinese society of
clinical oncology (CSCO): Clinical guidelines for the diagnosis and treatment of gastric
cancer, 2021. Cancer Commun (Lond) (2021) 41:747-95. doi: 10.1002/cac2.12193

5. Japanese Gastric Cancer Association. Japanese gastric cancer treatment guidelines
2021 (6th edition). Gastric Cancer (2023) 26:1-25. doi: 10.1007/s10120-022-01331-8

6. Takahashi Y, Takeuchi T, Sakamoto J, Touge T, Mai M, Ohkura H, et al. The
usefulness of CEA and/or CA19-9 in monitoring for recurrence in gastric cancer
patients: a prospective clinical study. Gastric Cancer (2003) 6:142-5. doi: 10.1007/
s10120-003-0240-9

Frontiers in Oncology

10.3389/fonc.2024.1327691

acquisition, Writing — original draft, Writing - review & editing.
YN: Conceptualization, Funding acquisition, Validation,
Visualization, Writing - original draft, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the National Natural Science Foundation of
China (82202837, 81730016, and 81972761), and the National
Key R&D Program of China (Grant Nos. 2016YFC1303200,
2022YFC2505100, and 2017YFC0908300).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1327691/
full#supplementary-material

7. 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 (2014) 17:26-33. doi: 10.1007/
§10120-013-0259-5

8. Lordick F, Carneiro F, Cascinu S, Fleitas T, Haustermans K, Piessen G, et al.
Gastric cancer: ESMO clinical practice guideline for diagnosis, treatment and follow-
up. Ann Oncol (2022) 33:1005-20. doi: 10.1016/j.annonc.2022.07.004

9. Grassadonia A, De Luca A, Carletti E, Vici P, Di Lisa FS, Filomeno L, et al.
Optimizing the choice for adjuvant chemotherapy in gastric cancer. Cancers (Basel)
(2022) 14(19). doi: 10.3390/ cancers14194670

10. Mellor KL, Powell A, Lewis WG. Systematic review and meta-analysis of the
prognostic significance of neutrophil-lymphocyte ratio (NLR) after RO gastrectomy for
cancer. ] Gastrointest Cancer (2018) 49:237-44. doi: 10.1007/s12029-018-0127-y

11. Miyamoto R, Inagawa S, Sano N, Tadano S, Adachi S, Yamamoto M. The neutrophil-
to-lymphocyte ratio (NLR) predicts short-term and long-term outcomes in gastric cancer
patients. Eur ] Surg Oncol (2018) 44:607-12. doi: 10.1016/ j.ejs0.2018.02.003

12. MaJY, Liu Q. Clinicopathological and prognostic significance of lymphocyte to
monocyte ratio in patients with gastric cancer: A meta-analysis. Int ] Surg (2018) 50:67—
71. doi: 10.1016/j.ijsu.2018.01.002

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1327691/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1327691/full#supplementary-material
https://doi.org/10.1016/j.jncc.2022.02.002
https://doi.org/10.3322/ caac.21492
https://doi.org/10.1007/s10120-017-0716-7
https://doi.org/10.1007/s10120-017-0716-7
https://doi.org/10.1002/cac2.12193
https://doi.org/10.1007/s10120-022-01331-8
https://doi.org/10.1007/s10120-003-0240-9
https://doi.org/10.1007/s10120-003-0240-9
https://doi.org/10.1007/s10120-013-0259-5
https://doi.org/10.1007/s10120-013-0259-5
https://doi.org/10.1016/j.annonc.2022.07.004
https://doi.org/10.3390/ cancers14194670
https://doi.org/10.1007/s12029-018-0127-y
https://doi.org/10.1016/ j.ejso.2018.02.003
https://doi.org/10.1016/j.ijsu.2018.01.002
https://doi.org/10.3389/fonc.2024.1327691
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Lu et al.

13. Zhang LX, Wei ZJ, Xu AM, Zang JH. Can the neutrophil-lymphocyte ratio and
platelet-lymphocyte ratio be beneficial in predicting lymph node metastasis and
promising prognostic markers of gastric cancer patients? tumor maker retrospective
study. Int J Surg (2018) 56:320-7. doi: 10.1016/j.ijsu.2018.06.037

14. Hirahara T, Arigami T, Yanagita S, Matsushita D, Uchikado Y, Kita Y, et al.
Combined neutrophil-lymphocyte ratio and platelet-lymphocyte ratio predicts
chemotherapy response and prognosis in patients with advanced gastric cancer.
BMC Cancer (2019) 19:672. doi: 10.1186/512885-019-5903-y

15. Hirahara N, Tajima Y, Matsubara T, Fujii Y, Kaji S, Kawabata Y, et al. Systemic
immune-inflammation index predicts overall survival in patients with gastric cancer: a
propensity score-matched analysis. ] Gastrointest Surg (2021) 25:1124-33. doi: 10.1007/
511605-020-04710-7

16. Oh SE, Choi MG, Seo JM, An JY, Lee JH, Sohn TS, et al. Prognostic significance
of perioperative nutritional parameters in patients with gastric cancer. Clin Nutr (2019)
38:870-6. doi: 10.1016/j.cInu.2018.02.015

17. Gao X, Pan Y, Han W, Hu C, Wang C, Chen L, et al. Association of systemic
inflammation and body mass index with survival in patients with resectable gastric or
gastroesophageal junction adenocarcinomas. Cancer Biol Med (2021) 18:283-97.
doi: 10.1007/s11605-020-04523-8

18. Lin JX, Wang ZK, Huang YQ, Xie JW, Wang JB, Lu J, et al. Dynamic changes in
pre- and postoperative levels of inflammatory markers and their effects on the
prognosis of patients with gastric cancer. J Gastrointest Surg (2021) 25:387-96.
doi: 10.1007/s11605-020-04523-8

Frontiers in Oncology

10

10.3389/fonc.2024.1327691

19. He K, Si L, Pan X, Sun L, Wang Y, Lu J, et al. Preoperative systemic immune-
inflammation index (SII) as a superior predictor of long-term survival outcome in
patients with stage i-II gastric cancer after radical surgery. Front Oncol (2022)
12:829689. doi: 10.3389/ fonc.2022.829689

20. Jing JX, Wang Y, Xu XQ, Sun T, Tian BG, Du LL, et al. Tumor markers for diagnosis,
monitoring of recurrence and prognosis in patients with upper gastrointestinal tract cancer.
Asian Pac ] Cancer Prev (2014) 15:10267-72. doi: 10.7314/apjcp.2014.15.23.10267

21. Shibata C, Nakano T, Yasumoto A, Mitamura A, Sawada K, Ogawa H, et al.
Comparison of CEA and CA19-9 as a predictive factor for recurrence after curative
gastrectomy in gastric cancer. BMC Surg (2022) 22:213. doi: 10.1186/512893-022-01667-z

22. Kambara Y, Miyake H, Nagai H, Yoshioka Y, Shibata K, Asai S, et al. CA19-9isa
significant prognostic marker of patients with stage III gastric cancer. Eur ] Surg Oncol
(2020) 46:1918-24. doi: 10.1016/j.€js0.2020.05.003

23. Moriyama J, Oshima Y, Nanami T, Suzuki T, Yajima S, Shiratori F, et al.
Prognostic impact of CEA/CA19-9 at the time of recurrence in patients with gastric
cancer. Surg Today (2021) 51:1638-48. doi: 10.1007/s00595-021-02248-y

24. Sun Z, Zhang N. Clinical evaluation of CEA, CA19-9, CA72-4 and CA125 in
gastric cancer patients with neoadjuvant chemotherapy. World J Surg Oncol (2014)
12:397. doi: 10.1186/1477-7819-12-397

25. Lee EC, Yang JY, Lee KG, Oh SY, Suh YS, Kong SH, et al. The value of
postoperative serum carcinoembryonic antigen and carbohydrate antigen 19-9 levels
for the early detection of gastric cancer recurrence after curative resection. J Gastric
Cancer (2014) 14:221-8. doi: 10.5230/jgc.2014.14.4.221

frontiersin.org


https://doi.org/10.1016/j.ijsu.2018.06.037
https://doi.org/10.1186/s12885-019-5903-y
https://doi.org/10.1007/s11605-020-04710-7
https://doi.org/10.1007/s11605-020-04710-7
https://doi.org/10.1016/j.clnu.2018.02.015
https://doi.org/10.1007/s11605-020-04523-8
https://doi.org/10.1007/s11605-020-04523-8
https://doi.org/10.3389/ fonc.2022.829689
https://doi.org/10.7314/apjcp.2014.15.23.10267
https://doi.org/10.1186/s12893-022-01667-z
https://doi.org/10.1016/j.ejso.2020.05.003
https://doi.org/10.1007/s00595-021-02248-y
https://doi.org/10.1186/1477-7819-12-397
https://doi.org/10.5230/jgc.2014.14.4.221
https://doi.org/10.3389/fonc.2024.1327691
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Development and validation of serological dynamic risk score to predict outcome in gastric cancer with adjuvant chemotherapy: a multicentre, longitudinal, cohort study
	1 Background
	2 Materials and methods
	2.1 Study design and follow-up
	2.2 Data collection and definitions
	2.3 Predictor selection and model development
	2.4 Score development and validation
	2.5 Risk state transition analysis

	3 Results
	3.1 Clinical characteristics of patients
	3.2 Predictor selection and score development
	3.3 Performance of HI-GC risk score in the training and validation cohorts
	3.4 Performance and survival analysis of risk state transition chain in the training cohorts

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


