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Two web-based dynamic
prediction models for the
diagnosis and prognosis of
gastric cancer with bone
metastases: evidence from the
SEER database

Bo Liu †, Kangpeng Li †, Rui Ma and Qiang Zhang*

Department of Orthopedics, Beijing Ditan Hospital, Capital Medical University, Beijing, China
Purpose: Our aim was to identify the clinical characteristics and develop and

validate diagnostic and prognostic web-based dynamic prediction models for

gastric cancer (GC) with bone metastasis (BM) using the SEER database.

Method: Our study retrospectively analyzed and extracted the clinical data of

patients aged 18-85 years who were diagnosed with gastric cancer between

2010 and 2015 in the SEER database. We randomly divided all patients into a

training set and a validation set according to the ratio of 7 to 3. Independent

factors were identified using logistic regression and Cox regression analyses.

Furthermore, we developed and validated two web-based clinical prediction

models. We evaluated the prediction models using the C-index, ROC, calibration

curve, and DCA.

Result: A total of 23,156 patients with gastric cancer were included in this study,

of whom 975 developed bonemetastases. Age, site, grade, T stage, N stage, brain

metastasis, liver metastasis, and lung metastasis were identified as independent

risk factors for the development of BM in GC patients. T stage, surgery, and

chemotherapy were identified as independent prognostic factors for GC with

BM. The AUCs of the diagnostic nomogram were 0.79 and 0.81 in the training

and test sets, respectively. The AUCs of the prognostic nomogram at 6, 9, and 12

months were 0.93, 0.86, 0.78, and 0.65, 0.69, 0.70 in the training and test sets,

respectively. The calibration curve and DCA showed good performance of the

nomogram.

Conclusions: We established two web-based dynamic prediction models in our

study. It could be used to predict the risk score and overall survival time of

developing bone metastasis in patients with gastric cancer. In addition, we also

hope that these two web-based applications will help physicians

comprehensively manage gastric cancer patients with bone metastases.
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Introduction

Gastric cancer (GC) is a common and highly malignant type of

cancer that affects the digestive system and is the second leading

cause of cancer death worldwide (1). It is a relatively common

cancer worldwide and is particularly prevalent in Asia, especially in

countries such as Japan, Korea, and China. In contrast, it is

relatively rare in North America and Western Europe (2). Certain

genetic mutations can increase a person’s risk of developing gastric

cancer. These mutations are more common in certain populations,

such as those with a family history of gastric cancer or those with a

history of certain inherited syndromes. Lifestyle factors such as

smoking, heavy alcohol consumption, and a diet high in salted or

smoked foods have been linked to an increased risk of gastric

cancer. Infection with the bacterium Helicobacter pylori is a known

risk factor for gastric cancer (3). This bacterium is very common

and is often acquired in childhood. In addition, gastric cancer is

characterized by rapid growth, high invasiveness, easy recurrence,

and poor prognosis, among which invasiveness and easy metastasis

are its main features (4, 5). Gastric cancer often spreads to the liver,

lungs, and brain, but bone metastasis (BM) is relatively rare, with an

incidence ranging from 1.2% to 1.4% (6) and 15.9% to 17.6%

detected at autopsy (7).

GC patients with BM often experience a poor prognosis and

shortened survival time, as cancer cells have spread to the bone and

are often accompanied by metastasis to other organs (8). This can

lead to bone pain, significantly affecting the patient’s quality of life

(9, 10). Notably, bone metastasis can cause a range of symptoms,

including pain, fractures, and spinal cord compression. Recent

studies have identified specific molecular pathways that may be

involved in the spread of gastric cancer to the bones. For example,

certain proteins produced by gastric cancer cells, such as CXCR4

and RANKL, may interact with proteins in bone tissue, promoting

the growth of new tumors (11). Early diagnosis is crucial for judging

whether gastric cancer patients will develop bone metastases. The

early implementation of active preventive and therapeutic measures

greatly improves the survival time of gastric cancer patients (12).

Therefore, it is important to identify the independent risk factors for

the development of BM in GC patients and the risk factors for the

prognosis of patients with GC and BM.

In recent years, an increasing number of clinical prediction

models have been used in clinical practice. Among them, the

nomogram presents data in an easily understandable graphical

format based on the results of multiple regression analysis.

Nomograms are also often used in medical research on cancer

prognosis and promote personalized treatment of the disease by

clinical physicians (13). However, to our knowledge, no researchers

have yet calculated the risk score for bone metastasis in gastric

cancer patients using a web-based prediction model, nor have they

established a prognostic model to predict overall survival in GC

patients with BM. Therefore, the aim of this study was to use the

large sample size in the SEER database to establish and validate
Abbreviations: GC, Gastric cancer; BM, bone metastasis; ROC, receiver

operating characteristic; DCA, decision curve analysis; CSS, cancer-specific

survival; AUC, area under the curve.
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diagnostic and prognostic dynamic models (based on the web

application) for gastric cancer patients with bone metastasis to fill

this gap, and we hope that these two dynamic models can provide a

basis for clinical diagnosis and treatment.
Materials and methods

Study design and data selection

The data for this study were downloaded from the

Surveillance, Epidemiology, and End Results (SEER) Program

(www.seer.cancer.gov) SEER*Stat Database software (version

8.4.0.1 released on 5/17/2022). The specific database we chose was

the Incidence - SEER Research Plus Data, 17 Registries, Nov 2021

Sub (2000–2019) - Linked to County Attributes - Time-Dependent

(1990-2019) Income/Rurality, 1969-2020 Counties, National

Cancer Institute, DCCPS, Surveillance Research Program, released

April 2022 and based on the November 2021 submission. The ethics

committee of Beijing Ditan Hospital, Capital Medical University,

approved the study. The study did not require medical ethical

review or informed consent from patients. The ethics committee

waived the requirement for informed consent from all patients.

The inclusion criteria for the study were as follows: (1)

histological diagnosis of gastric cancer; (2) the year of diagnosis

was from 2010 to 2015; and (3) patients aged between 19 and 85

years old whose follow-up dates were available. The exclusion

criteria were as follows: Selected those patients whose diagnostic

confirmation was ‘Positive histology’ (2); Selected those patients

whose follow-up time was ‘Complete dates are available’ (3);

Excluded Race, marital status, grade, lung metastasis status, or

brain metastasis status was unknown (2); patients whose liver or

bone metastasis status was unknown or ‘N/A’ (3); patients for

whom AJCC_T and N were ‘N/A’; and (4) patients with a surgery

code of ‘99’ (Figure 1).
Patient variables and outcome variables

Age, sex, ethnicity, primary site, grade, T stage, N stage, liver

metastasis, lung metastasis, brain metastasis, and marital status were

collected to identify risk factors for the development of BM in GC

patients. The age of the patients was divided into two groups: <60 years

and ≥60 years. The outcome variable of the diagnostic model was

defined as whether patients with gastric cancer developed

bone metastases.

The specific metastatic data (e.g., liver, lung, and brain

metastasis) and treatment data (e.g., surgery, radiotherapy, and

chemotherapy) were collected to form a new cohort, which was

used to identify prognostic factors to establish a prognostic

nomogram. The follow-up time (months) and survival status were

defined as outcome variables in the prognostic model. The primary

endpoint of the study was overall survival (OS), which was defined

as the time from diagnosis to death due to any cause (14).
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Statistical analysis

R software (version 4.1.3) was used for statistical analyses in this

study. The chi-square test was used to compare variables between

the training set and test set, and a p value of less than 0.05 (bilateral)

was considered statistically significant. The cohort was randomly

divided into a training set (70%) and a test set (30%), with the

training set used to establish the nomogram and the test set used to

validate the models. Univariate and multivariate logistic regression

analyses were used to identify independent diagnostic risk factors

for GC with BM. The ‘rms’ and ‘regplot’ packages in R were used to

create a diagnostic prediction model. In addition, a web-based

dynamic model was developed based on the nomogram using the

‘Dynnom’ package. Similarly, univariate and multivariate Cox

regression analyses were used to identify independent prognostic

factors for GC metastasis. The ‘survival’ package in R was used to

create prognostic nomograms. Similarly, we then developed a web-

based prognostic model that predicted overall survival time by using
Frontiers in Endocrinology 03
the ‘Dynnom’ package. The two dynamic model applications above

were released based on this website https://www.shinyapps.io/ The

ROC and AUC were generated to evaluate the discrimination of the

nomograms. Finally, calibration curve and decision curve analyses

(DCA) were performed to evaluate the prediction ability of

the nomograms.
Result

Demographic characteristics of the
population and risk factors for BM in GC

Ultimately, our research included 22,181 participants who met

the criteria, and 975 GC patients developed BM. We randomly

divided all participants into a training set (16,212) and a test set

(6,980). Among them, 975 (4.39%) patients developed BM of GC,

while 22,181 did not (Table 1). We used multivariate logistic
FIGURE 1

Flow chart of this study.
TABLE 1 Clinical characteristics of patients with bone metastasis of gastric cancer in train set and test set.

Group Overall Train Set Test Set

Mets_bone No Yes P-value No Yes P-value No Yes P-value

N N=22181 N=975 N=15544 N=668 N=6637 N=307

Age 65.3 (12.6) 62.0 (13.2) <0.001 65.3 (12.6) 62.0 (13.1) <0.001 65.2 (12.6) 61.9 (13.5) <0.001

Sex: 0.006 0.017 0.202

(Continued)
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TABLE 1 Continued

Group Overall Train Set Test Set

Mets_bone No Yes P-value No Yes P-value No Yes P-value

Male 14114 (63.6%) 663 (68.0%) 9799 (63.0%) 452 (67.7%) 4315 (65.0%) 211 (68.7%)

Female 8067 (36.4%) 312 (32.0%) 5745 (37.0%) 216 (32.3%) 2322 (35.0%) 96 (31.3%)

Race: 0.002 0.03 0.012

White 15896 (71.7%) 739 (75.8%) 11104 (71.4%) 494 (74.0%) 4792 (72.2%) 245 (79.8%)

Black 2884 (13.0%) 90 (9.23%) 2032 (13.1%) 64 (9.58%) 852 (12.8%) 26 (8.47%)

Other 3401 (15.3%) 146 (15.0%) 2408 (15.5%) 110 (16.5%) 993 (15.0%) 36 (11.7%)

Marital_status: 0.382 0.474 0.641

No 8484 (38.2%) 387 (39.7%) 6010 (38.7%) 268 (40.1%) 2474 (37.3%) 119 (38.8%)

Yes 13697 (61.8%) 588 (60.3%) 9534 (61.3%) 400 (59.9%) 4163 (62.7%) 188 (61.2%)

Site: <0.001 <0.001 <0.001

Other 11094 (50.0%) 485 (49.7%) 7762 (49.9%) 331 (49.6%) 3332 (50.2%) 154 (50.2%)

Cardia 7183 (32.4%) 401 (41.1%) 5058 (32.5%) 279 (41.8%) 2125 (32.0%) 122 (39.7%)

Gastric antrum 3904 (17.6%) 89 (9.13%) 2724 (17.5%) 58 (8.68%) 1180 (17.8%) 31 (10.1%)

Grade: <0.001 <0.001 <0.001

I 2419 (10.9%) 13 (1.33%) 1713 (11.0%) 8 (1.20%) 706 (10.6%) 5 (1.63%)

II 5920 (26.7%) 154 (15.8%) 4148 (26.7%) 119 (17.8%) 1772 (26.7%) 35 (11.4%)

III 13275 (59.8%) 789 (80.9%) 9303 (59.8%) 528 (79.0%) 3972 (59.8%) 261 (85.0%)

IV 567 (2.56%) 19 (1.95%) 380 (2.44%) 13 (1.95%) 187 (2.82%) 6 (1.95%)

AJCC_T: <0.001 <0.001 <0.001

T1 5512 (24.9%) 187 (19.2%) 3915 (25.2%) 128 (19.2%) 1597 (24.1%) 59 (19.2%)

T2 2642 (11.9%) 39 (4.00%) 1831 (11.8%) 27 (4.04%) 811 (12.2%) 12 (3.91%)

T3 6074 (27.4%) 136 (13.9%) 4227 (27.2%) 100 (15.0%) 1847 (27.8%) 36 (11.7%)

T4 7953 (35.9%) 613 (62.9%) 5571 (35.8%) 413 (61.8%) 2382 (35.9%) 200 (65.1%)

AJCC_N: <0.001 <0.001 0.001

N1 16505 (74.4%) 725 (74.4%) 11581 (74.5%) 496 (74.3%) 4924 (74.2%) 229 (74.6%)

N2 2124 (9.58%) 48 (4.92%) 1498 (9.64%) 36 (5.39%) 626 (9.43%) 12 (3.91%)

N3 3552 (16.0%) 202 (20.7%) 2465 (15.9%) 136 (20.4%) 1087 (16.4%) 66 (21.5%)

Mets_brain: <0.001 <0.001 <0.001

No 22078 (99.5%) 938 (96.2%) 15478 (99.6%) 640 (95.8%) 6600 (99.4%) 298 (97.1%)

Yes 103 (0.46%) 37 (3.79%) 66 (0.42%) 28 (4.19%) 37 (0.56%) 9 (2.93%)

Mets_liver: <0.001 <0.001 <0.001

No 19162 (86.4%) 622 (63.8%) 13428 (86.4%) 434 (65.0%) 5734 (86.4%) 188 (61.2%)

Yes 3019 (13.6%) 353 (36.2%) 2116 (13.6%) 234 (35.0%) 903 (13.6%) 119 (38.8%)

Mets_lung: <0.001 <0.001 <0.001

No 21305 (96.1%) 737 (75.6%) 14943 (96.1%) 508 (76.0%) 6362 (95.9%) 229 (74.6%)

Yes 876 (3.95%) 238 (24.4%) 601 (3.87%) 160 (24.0%) 275 (4.14%) 78 (25.4%)
F
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regression analysis to identify variables associated with the

development of BM in GC patients and found that 8 factors were

significantly associated: age (≥ 60 years), grade, primary site, higher

T stage, higher N stage, brain metastasis, liver metastasis, and lung

metastasis (Table 2, all p value < 0.05).
Frontiers in Endocrinology 05
The diagnostic nomogram and web-based
application for developing BM in GC

We used eight independent risk factors for the development of

BM in GC to create a diagnostic nomogram for assessing the risk
TABLE 2 Univariate and multivariate logistics analysis of bone metastasis in gastric cancer patients.

Characteristics Univariate Analysis Multivariate Analysis

OR CI P-value OR CI P-value

Age 0.98 0.98-0.99 <0.001 0.98 0.98-0.99 <0.001

AJCC_T

T1 Ref Ref Ref Ref

T2 0.45 0.3-0.69 <0.001 0.53 0.35-0.81 0.003

T3 0.72 0.56-0.94 0.017 0.69 0.52-0.91 0.008

T4 2.27 1.85-2.78 <0.001 1.64 1.32-2.04 <0.001

Grade

I Ref Ref Ref Ref

II 6.14 3-12.59 <0.001 4.45 2.15-9.19 <0.001

III 12.15 6.04-24.46 <0.001 9.25 4.57-18.73 <0.001

IV 7.33 3.02-17.79 <0.001 5.2 2.1-12.87 <0.001

Marital_status

No Ref Ref

Yes 0.94 0.8-1.1 0.45

Mets_brain

No Ref Ref Ref Ref

Yes 10.26 6.55-16.08 <0.001 4.2 2.54-6.94 <0.001

Mets_liver

No Ref Ref Ref Ref

Yes 3.42 2.9-4.04 <0.001 1.75 1.44-2.11 <0.001

Mets_lung

No Ref Ref Ref Ref

Yes 7.83 6.44-9.52 <0.001 4.29 3.45-5.34 <0.001

AJCC_N

N1 Ref Ref Ref Ref

N2 0.56 0.4-0.79 0.001 0.62 0.44-0.88 0.008

N3 1.29 1.06-1.57 0.011 0.89 0.72-1.09 0.252

Race

White Ref Ref Ref Ref

Black 0.71 0.54-0.92 0.011 0.78 0.59-1.03 0.081

Other 1.03 0.83-1.27 0.806 1.21 0.97-1.51 0.097

(Continued)
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score of developing BM in GC patients (Figure 2A). In addition,

based on the established nomogram, we further developed a

dynamic web-based application. This can be accessed by clicking

on a hyperlink (Figure 3A, https://sydtliubo.shinyapps.io/

DynNomapp/).

The AUC of the nomogram was 0.788 in the test group and

0.810 in the validation group (Figures 4A, B), indicating a high

predictive value for the nomogram. We also plotted the calibration

curve and DCA for the nomogram in both the training and test sets,
Frontiers in Endocrinology 06
which showed that the nomogram is a good diagnostic tool for

predicting BM in GC (Figures 4C–F).
Prognostic factors for gastric cancer
patients with bone metastases

We analyzed 975 patients who developed BM from GC to identify

prognostic factors. We randomly assigned 684 of these patients to the
TABLE 2 Continued

Characteristics Univariate Analysis Multivariate Analysis

OR CI P-value OR CI P-value

Sex

Male Ref Ref Ref Ref

Female 0.82 0.69-0.96 0.015 0.93 0.78-1.11 0.409

Site

Other Ref Ref Ref Ref

Cardia 1.29 1.1-1.52 0.002 1.22 1.02-1.47 0.032

Gastric antrum 0.5 0.38-0.66 <0.001 0.51 0.38-0.67 <0.001
A

B

FIGURE 2

The diagnosis (A) and prognosis (B) nomograms for predicting bone metastasis in patients with gastric cancer.
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training set and the remaining 291 patients to the test set. The chi-

square test showed no significant difference between the training and

test sets (Table 3). Univariate and multivariate Cox regression analyses

showed that AJCC T stage (P=0.012), surgery (P<0.001), and

chemotherapy (P<0.001) were independent prognostic factors for GC

patients with BM (Table 4).
Frontiers in Endocrinology 07
The prognostic nomogram and web-based
application for OS of GC with BM

We developed a prognostic nomogram based on three

independent prognostic factors (Figure 2B). Similarly, based on

the established prognostic model, we further developed a dynamic
A

B

FIGURE 3

The operation interface of two web-based dynamic diagnostic (A) and prognostic (B) prediction models for gastric cancer patients with bone metastases.
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web-based application. This can be accessed by clicking on a

hyperlink (Figure 3B, https://sydtliubo.shinyapps.io/DynNomOS/).

The areas under the curve (AUCs) at 6, 12, and 18 months

were 0.93, 0.86 and 0.78 in the training set, respectively

(Figure 5A). In the test set, the AUCs at 6, 12, and 18 months

were 0.65, 0.69, and 0.70, respectively (Figure 5B). The

calibration curves at 6, 12, and 18 months also showed that the

nomogram predictions had good agreement with the actual
Frontiers in Endocrinology 08
outcomes (Figures 6A–F). Similarly, the DCA curves at 6, 12,

and 18 months demonstrated that the nomogram had good

predictive efficiency for the prognosis of patients with GC and

BM (Figures 7A–F). The Kaplan–Meier survival analysis with

log-rank test suggested a significant difference (P < 0.001) when

comparing the survival curves for subgroups in both the training

and test sets. Patients with high risk scores had a worse prognosis

than those with low risk scores (Figures 5C, D).
A B

D

E F

C

FIGURE 4

The receiver operating characteristic curve (A), calibration curve (C) and decision curve analysis (E) in the training set. The receiver operating
characteristic curve (B), calibration curve (D), and decision curve analysis (F) in the testing set.
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TABLE 3 Patient clinical characteristics of gastric cancer with bone metastases in the train set and test set.

Group Overall Train set Test set

Status Alive Death P-value Alive Death P-value Alive Death P-value

N N=29 N=946 N=21 N=663 N=8 N=283

Age: 0.025 0.015 0.734

No 19 (65.5%) 405 (42.8%) 15 (71.4%) 281 (42.4%) 4 (50.0%) 124 (43.8%)

Yes 10 (34.5%) 541 (57.2%) 6 (28.6%) 382 (57.6%) 4 (50.0%) 159 (56.2%)

Sex: 0.929 1 0.716

Male 19 (65.5%) 644 (68.1%) 14 (66.7%) 452 (68.2%) 5 (62.5%) 192 (67.8%)

Female 10 (34.5%) 302 (31.9%) 7 (33.3%) 211 (31.8%) 3 (37.5%) 91 (32.2%)

Race: 0.004 0.015 0.26

White 17 (58.6%) 722 (76.3%) 12 (57.1%) 516 (77.8%) 5 (62.5%) 206 (72.8%)

Black 1 (3.45%) 89 (9.41%) 1 (4.76%) 58 (8.75%) 0 (0.00%) 31 (11.0%)

Other 11 (37.9%) 135 (14.3%) 8 (38.1%) 89 (13.4%) 3 (37.5%) 46 (16.3%)

Marital_status: 0.124 0.145 0.718

No 16 (55.2%) 371 (39.2%) 12 (57.1%) 258 (38.9%) 4 (50.0%) 113 (39.9%)

Yes 13 (44.8%) 575 (60.8%) 9 (42.9%) 405 (61.1%) 4 (50.0%) 170 (60.1%)

Site: 0.126 0.112 0.394

Other 18 (62.1%) 467 (49.4%) 12 (57.1%) 331 (49.9%) 6 (75.0%) 136 (48.1%)

Cardia 7 (24.1%) 394 (41.6%) 5 (23.8%) 274 (41.3%) 2 (25.0%) 120 (42.4%)

Gastric antrum 4 (13.8%) 85 (8.99%) 4 (19.0%) 58 (8.75%) 0 (0.00%) 27 (9.54%)

Grade: 0.649 0.771 0.234

I 0 (0.00%) 13 (1.37%) 0 (0.00%) 7 (1.06%) 0 (0.00%) 6 (2.12%)

II 3 (10.3%) 151 (16.0%) 2 (9.52%) 108 (16.3%) 1 (12.5%) 43 (15.2%)

III 25 (86.2%) 764 (80.8%) 19 (90.5%) 534 (80.5%) 6 (75.0%) 230 (81.3%)

IV 1 (3.45%) 18 (1.90%) 0 (0.00%) 14 (2.11%) 1 (12.5%) 4 (1.41%)

AJCC_T: 0.715 0.561 0.621

T1 6 (20.7%) 181 (19.1%) 4 (19.0%) 117 (17.6%) 2 (25.0%) 64 (22.6%)

T2 2 (6.90%) 37 (3.91%) 2 (9.52%) 29 (4.37%) 0 (0.00%) 8 (2.83%)

T3 4 (13.8%) 132 (14.0%) 2 (9.52%) 91 (13.7%) 2 (25.0%) 41 (14.5%)

T4 17 (58.6%) 596 (63.0%) 13 (61.9%) 426 (64.3%) 4 (50.0%) 170 (60.1%)

N: 0.345 0.149 1

N1 25 (86.2%) 700 (74.0%) 19 (90.5%) 498 (75.1%) 6 (75.0%) 202 (71.4%)

N2 1 (3.45%) 47 (4.97%) 1 (4.76%) 27 (4.07%) 0 (0.00%) 20 (7.07%)

N3 3 (10.3%) 199 (21.0%) 1 (4.76%) 138 (20.8%) 2 (25.0%) 61 (21.6%)

Surgery: 1 0.616 1

No 28 (96.6%) 907 (95.9%) 20 (95.2%) 634 (95.6%) 8 (100%) 273 (96.5%)

Yes 1 (3.45%) 39 (4.12%) 1 (4.76%) 29 (4.37%) 0 (0.00%) 10 (3.53%)

Radiation: 0.538 0.142 0.254

No 22 (75.9%) 650 (68.7%) 18 (85.7%) 452 (68.2%) 4 (50.0%) 198 (70.0%)

Yes 7 (24.1%) 296 (31.3%) 3 (14.3%) 211 (31.8%) 4 (50.0%) 85 (30.0%)

(Continued)
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TABLE 3 Continued

Group Overall Train set Test set

Status Alive Death P-value Alive Death P-value Alive Death P-value

Chemotherapy: 0.902 0.573 0.715

No 12 (41.4%) 364 (38.5%) 10 (47.6%) 259 (39.1%) 2 (25.0%) 105 (37.1%)

Yes 17 (58.6%) 582 (61.5%) 11 (52.4%) 404 (60.9%) 6 (75.0%) 178 (62.9%)

Mets_brain: 1 1 0.309

No 28 (96.6%) 910 (96.2%) 21 (100%) 639 (96.4%) 7 (87.5%) 271 (95.8%)

Yes 1 (3.45%) 36 (3.81%) 0 (0.00%) 24 (3.62%) 1 (12.5%) 12 (4.24%)

Mets_liver: 0.433 0.33 1

No 21 (72.4%) 601 (63.5%) 16 (76.2%) 420 (63.3%) 5 (62.5%) 181 (64.0%)

Yes 8 (27.6%) 345 (36.5%) 5 (23.8%) 243 (36.7%) 3 (37.5%) 102 (36.0%)

Mets_lung: 1 0.793 0.429

No 22 (75.9%) 715 (75.6%) 17 (81.0%) 504 (76.0%) 5 (62.5%) 211 (74.6%)

Yes 7 (24.1%) 231 (24.4%) 4 (19.0%) 159 (24.0%) 3 (37.5%) 72 (25.4%)

Survival_months 26.1 (31.4) 6.20 (8.10) 0.002 29.0 (33.3) 6.30 (8.29) 0.005 18.8 (26.0) 5.98 (7.64) 0.208
F
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TABLE 4 Univariate and multivariate cox analysis of OS in patients with bone metastases from gastric cancer.

Univariate Analysis Multivariate Analysis

HR 95%CI P-value HR 95%CI P-value

Age >60

No ref ref

Yes 1.114 0.980 -1.268 0.099

Sex

Male ref ref

Female 1.031 0.899-1.182 0.659

Marital_status

No ref ref

Yes 0.910 0.798-1.037 0.156

Site

Other ref ref ref ref

Cardia 0.845 0.739-0.966 0.014 0.914 0.797-1.050 0.203

Gastric antrum 1.083 0.859-1.364 0.501 1.155 0.915-1.4550 0.226

Grade

I ref ref

II 0.792 0.449-1.396 0.420

III 1.014 0.586-1.754 0.962

IV 1.021 0.500-2.083 0.955

AJCC_T

T1 ref ref ref ref

(Continued)
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Discussion

To the best of our knowledge, there is still a lack of specific

studies on the risk factors and survival analysis of gastric cancer

patients with bone metastases. To better fill this gap, we used the

SEER database with a larger sample size for analysis. We found it

very inconvenient to use only graphical prediction models in

clinical practice; therefore, we developed two web-based

prediction models to predict the risk factors and survival

status of gastric cancer patients with bone metastases.

Clinicians only need to enter the population characteristics of

each patient, and the two applications can quickly obtain their

risk scores. We hope that these two web applications can be

applied in the actual work of clinicians.

Gastric cancer is a cancer of the stomach characterized by high

malignancy, rapid development, high invasiveness, easy recurrence,
Frontiers in Endocrinology 11
and poor prognosis. The prognosis for patients with GC becomes

poor once bone metastases occur (15, 16). GC is currently the

second leading cause of cancer-related death worldwide (17).

Gastric cancer is a disease that disproportionately affects certain

regions of the world. Approximately 70% of new cases occur in

developing countries, particularly in eastern Asia. In contrast, the

incidence of GC is lower in North America and northern Europe.

These geographical imbalances in incidence and mortality are

significant and highlight the need for targeted prevention and

treatment efforts in regions with higher rates of GC (18, 19). The

incidence of BM of GC in this study was 2.7%, and Turkoz et al. (7)

found 176 bone metastases in 4617 patients with GC after

investigating them, with an incidence of 3.8%. In the past, the

prevailing opinion among investigators was that the incidence of

BM in GC ranges from 0.8% to 2.1% (6, 20). GC cells have a

tendency to spread to the bones if they invade the blood or
TABLE 4 Continued

Univariate Analysis Multivariate Analysis

HR 95%CI P-value HR 95%CI P-value

T2 0.666 0.467-0.9487 0.024 0.633 0.443-0.903 0.012

T3 0.848 0.677-1.0613 0.150 1.008 0.820-1.267 0.947

T4 1.094 0.926-1.2917 0.293 1.081 0.915-1.278 0.359

AJCC_N

N1 ref ref

N2 0.866 0.644-1.164 0.342

N3 1.165 0.995-1.364 0.058

Surgery

No ref ref ref ref

Yes 0.658 0.477-0.9073 0.011 0.512 0.369-0.711 <0.001

Radiation

No ref ref ref ref

Yes 0.870 0.758-0.9976 0.046 0.967 0.840-1.114 0.644

Chemotherapy

No ref ref ref ref

Yes 0.280 0.244-0.322 <0.001 0.268 0.233-0.309 <0.001

Mets_brain

No ref ref

Yes 1.016 0.728-1.42 0.927

Mets_liver

No ref ref

Yes 0.9989 0.875-1.141 0.986

Mets_lung

No ref ref

Yes 1.093 0.942-1.268 0.242
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lymphat ic vessels with in the stomach wal l . Pat ients

who have metastasis to abdominal lymph nodes, liver, and

lungs, in particular, are at a higher risk of also developing

BM simultaneously.

Our study found that the independent risk factors for the

development of BM in GC were age, primary site, grade III, T

stage, N stage, and brain, liver, and lung metastasis, but especially

brain metastasis. Many previous studies have found that the

primary gastric cancer lesions were located in the gastric antrum

and body; in addition, patients with poorly differentiated tumors,

deep local invasion, and lymph node metastasis are more likely to

develop bone metastases (7, 8, 21). Qiu et al. (9) showed that

compared with GC patients without distant metastasis, patients

with distant metastasis were more likely to have BM. Liang et al.

(22) also found that cardiac cancer, young age, low degree of

differentiation, high N stage, and diffuse type were positively

correlated with BM. We found that the factors mentioned above

have been confirmed in previous studies. Overall, this is consistent

with the conclusions of this study.

Our research shows that T stage, surgery and chemotherapy

were independent prognostic factors for GC with BM. In other

words, patients with primary tumors in the fundus and greater

curvature of the stomach who underwent gastric surgery and

who received chemotherapy had a lower risk of early death and

longer survival. Liang et al. (22) also found that for GC patients
Frontiers in Endocrinology 12
with bone metastasis, the median survival time of the primary

tumor operation group was longer than that of the nonoperation

group. This is in accordance with the results of the present study.

Similarly, although bone metastasis of GC is already an advanced

stage, systemic chemotherapy should sti l l be actively

administered to prolong patient survival time (6, 7, 23), and

the relationship between chemotherapy and its prognosis has

also been demonstrated. In addition to systemic chemotherapy,

the application of bisphosphonates also improves patient

survival time (24). Using three independent prognostic factors,

we developed a nomogram. The final results suggest that this

nomogram may be a useful tool for identifying patients at high

risk for poor outcomes.

At the molecular level, the expression of ALP, LDH, DIC,

CEA, and CA 19-9 is associated with the development of BM and

prognosis in GC (7, 25–27). When malignant tumors develop

into BM, the normal bone metabolism mechanism is disrupted,

which causes an increase in the rate of bone resorption and bone

formation. The biomarkers vary in both the patient’s serum and

in the urine (28, 29). However, these biomarkers are difficult to

apply immediately to clinical decision-making. To date, no

investigators have established diagnostic predictive models for

the development of BM in GC and clinical predictive prognostic

models for GC combined with BM. This means that it is not

possible to combine all of the independent predictors associated
A B

DC

FIGURE 5

(A) The receiver operating curves at 6, 12, and 18 months in the training set; (B) The receiver operating curves at 6, 12, and 18 months in the test set;
The Kaplan–Meier survival curves of three mortality risk subgroups in the training group (C) and testing group (D).
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with the occurrence of BM in GC. We could not identify the

patient’s individualized risk of developing bone metastases on

the whole.

The strength of our research is that we have successfully

developed and validated two dynamic prediction models: the first

one for predicting the risk score of BM in newly diagnosed GC

patients and another for predicting the prognosis of GC patients with

BM. Furthermore, we developed two applications of web-based

predictive models. They will be put into practice by clinical

orthopedic surgeons. The results showed that these nomograms

have higher discriminant power than any single predictor,

indicating the value of a comprehensive prediction model for more

accurate individual clinical decision-making and monitoring. The

total score for each GC patient can be calculated using the data for

various variables on the appropriate nomogram (30–32). Using the

nomograms, it is easy to calculate the risk of BM in GC and guide

further clinical management. Similarly, the prognostic risk of GC

patients with BM can be determined using the prognostic nomogram.
Frontiers in Endocrinology 13
There are several limitations to our study. First, the sample size of

patients with BM from GC was relatively small, which may have

introduced bias. In future studies, we should aim to increase the

sample size to reduce this bias. Second, the SEER database did not

include information on specific sites of BM, which can significantly

affect the prognostic survival of patients. We can infer that patients

with multiple and extensive bone metastases are likely to have shorter

survival times. Third, our study was a retrospective study and

therefore inherently prone to selection bias. Additionally, detailed

treatment information was not available in the SEER database.
Conclusions

We established and validated two prediction models using

the SEER database. Furthermore, we developed two applications

of web-based predictive models. We hope that they will be used

by clinical orthopedic surgeons in practice. They could be used
A B

D E F

C

FIGURE 6

The calibration curves at 6 months (A), 12 months (B), and 18 months (C) in the training set and at 6 months (D), 12 months (E), and 18 months (F) in
the testing set.
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to predict the risk score of bone metastasis in patients with

gastric cancer and to predict the overall survival time of patients

with gastric cancer with bone metastasis.
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17. Obermannoviá R, Lordick F. Management of metastatic gastric cancer. Hematol
Oncol Clin North Am (2017) 31(3):469–83. doi: 10.1016/j.hoc.2017.01.006

18. Servarayan MC, Manickavasagam K, Chandramohan A, Jebaraj A, Jameel A,
Jain MS, et al. Gastric cancer in India: epidemiology and standard of treatment. Updates
Surg (2018) 70(2):233–9. doi: 10.1007/s13304-018-0527-3

19. Rahman R, Asombang AW, Ibdah JA. Characteristics of gastric cancer in Asia.
World J Gastroenterol (2014) 20(16):4483–90. doi: 10.3748/wjg.v20.i16.4483
Frontiers in Endocrinology 15
20. Guadagni S, Catarci M, Kinoshita T, Valenti M, De Bernardinis G, Carboni M.
Causes of death and recurrence after surgery for early gastric cancer. World J Surg
(1997) 21(4):434–9. doi: 10.1007/pl00012266

21. Kodera Y, Ito S, Mochizuki Y, Yamamura Y, Misawa K, Ohashi N, et al. The
number of metastatic lymph nodes is a significant risk factor for bone metastasis and
poor outcome after surgery for linitis plastica-type gastric carcinoma. World J Surg
(2008) 32(9):2015–20. doi: 10.1007/s00268-008-9672-z

22. Liang C, Chen H, Yang Z, Han C, Ren C. Risk factors and prognosis of bone
metastases in newly diagnosed gastric cancer. Future Oncol (2020) 16(12):733–48.
doi: 10.2217/fon-2019-0728

23. Kim YJ, Kim SH, Kim JW, Lee JO, Kim JH, Bang SM, et al. Gastric cancer with
initial bone metastasis: a distinct group of diseases with poor prognosis. Eur J Cancer
(2014) 50(16):2810–21. doi: 10.1016/j.ejca.2014.08.003

24. Silvestris N, Pantano F, Ibrahim T, Gamucci T, De Vita F, Di Palma T, et al.
Natural history of malignant bone disease in gastric cancer: final results of a multicenter
bone metastasis survey. PloS One (2013) 8(10):e74402. doi: 10.1371/journal.pone.0074402

25. Namikawa T, Ishida N, Tsuda S, Fujisawa K, Munekage E, Iwabu J, et al.
Prognostic significance of serum alkaline phosphatase and lactate dehydrogenase levels
in patients with unresectable advanced gastric cancer. Gastric Cancer (2019) 22(4):684–
91. doi: 10.1007/s10120-018-0897-8

26. Etoh T, Baba H, Taketomi A, Nakashima H, Kohnoe S, Seo Y, et al. Diffuse bone
metastasis with hematologic disorders from gastric cancer: clinicopathological features
and prognosis. Oncol Rep (1999) 6(3):601–5. doi: 10.3892/or.6.3.601

27. Mikami J, Kimura Y, Makari Y, Fujita J, Kishimoto T, Sawada G, et al. Clinical
outcomes and prognostic factors for gastric cancer patients with bone metastasis.
World J Surg Oncol (2017) 15(1):8. doi: 10.1186/s12957-016-1091-2

28. Oh HJ, Yoon BH, Ha YC, Suh DC, Lee SM, Koo KH, et al. The change of bone
mineral density and bone metabolism after gastrectomy for gastric cancer: a meta-
analysis. Osteoporos Int (2020) 31(2):267–75. doi: 10.1007/s00198-019-05220-2

29. Rojas A, Araya P, Gonzalez I, Morales E. Gastric tumor microenvironment. Adv
Exp Med Biol (2020) 1226:23–35. doi: 10.1007/978-3-030-36214-0_2

30. Yu C, Zhang Y. Development and validation of prognostic nomogram for young
patients with gastric cancer. Ann Transl Med (2019) 7(22):641. doi: 10.21037/
atm.2019.10.77

31. Zhu Y, Fang X, Wang L, Zhang T, Yu D. A predictive nomogram for early death
of metastatic gastric cancer: a retrospective study in the SEER database and China. J
Cancer (2020) 11(18):5527–35. doi: 10.7150/jca.46563

32. Liu Y, Wu J, HuangW,Weng S, Wang B, Chen Y, et al. Development and validation
of a hypoxia-immune-based microenvironment gene signature for risk stratification in
gastric cancer. J Transl Med (2020) 18(1):201. doi: 10.1186/s12967-020-02366-0
frontiersin.org

https://doi.org/10.5230/jgc.2014.14.3.164
https://doi.org/10.5230/jgc.2011.11.1.38
https://doi.org/10.1002/cam4.1661
https://doi.org/10.18632/oncotarget.10740
https://doi.org/10.3748/wjg.v25.i17.2029
https://doi.org/10.1016/j.ejso.2019.09.143
https://doi.org/10.1097/PPO.0b013e3181bdc2e0
https://doi.org/10.3748/wjg.v21.i37.10502
https://doi.org/10.21873/invivo.11942
https://doi.org/10.1016/j.hoc.2017.01.006
https://doi.org/10.1007/s13304-018-0527-3
https://doi.org/10.3748/wjg.v20.i16.4483
https://doi.org/10.1007/pl00012266
https://doi.org/10.1007/s00268-008-9672-z
https://doi.org/10.2217/fon-2019-0728
https://doi.org/10.1016/j.ejca.2014.08.003
https://doi.org/10.1371/journal.pone.0074402
https://doi.org/10.1007/s10120-018-0897-8
https://doi.org/10.3892/or.6.3.601
https://doi.org/10.1186/s12957-016-1091-2
https://doi.org/10.1007/s00198-019-05220-2
https://doi.org/10.1007/978-3-030-36214-0_2
https://doi.org/10.21037/atm.2019.10.77
https://doi.org/10.21037/atm.2019.10.77
https://doi.org/10.7150/jca.46563
https://doi.org/10.1186/s12967-020-02366-0
https://doi.org/10.3389/fendo.2023.1136089
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Two web-based dynamic prediction models for the diagnosis and prognosis of gastric cancer with bone metastases: evidence from the SEER database
	Introduction
	Materials and methods
	Study design and data selection
	Patient variables and outcome variables
	Statistical analysis

	Result
	Demographic characteristics of the population and risk factors for BM in GC
	The diagnostic nomogram and web-based application for developing BM in GC
	Prognostic factors for gastric cancer patients with bone metastases
	The prognostic nomogram and web-based application for OS of GC with BM

	Discussion
	Conclusions
	Data availability statement
	Author contributions
	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


