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Abstract

BACKGROUND

Preoperative anemia is associated with increased postoperative morbidity and
mortality and increased perioperative transfusion risk. For surgical patients, this
affects physical and cognitive ability and quality of life, but it is an important and
modifiable risk factor.

AIM

To determine the effect of preoperative anemia on the prognosis of gastric cancer
(GC) patients and generate a prognostic nomogram to predict the postoperative
overall survival (OS) of GC patients with preoperative anemia.

METHODS

Clinicopathological and follow-up data of GC patients treated at Zhejiang
Provincial People's Hospital (China) from 2010 to 2015 were collected. Inde-
pendent prognostic factors were screened by univariate and multivariate Cox
regression analyses. Then, these factors were used to construct a nomogram to
predict 1-, 3-, and 5-year postoperative OS in preoperative anemic GC patients.
The nomogram was assessed by calibration curves, receiver operating charac-
teristic (ROC) curves, and decision curve analysis (DCA).

RESULTS
Nine hundred and sixty GC patients were divided into two groups (preoper-
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atively anemic and nonanemic), and postoperative survival analysis was performed on both groups, yielding a
shorter postoperative survival for preoperatively anemic patients than for nonanemic patients. A total of 347 GC
patients with preoperative anemia were included. Age, preoperative alpha-fetoprotein level, monocyte count,
lymphocyte count, clinicopathological stage, liver metastasis, and GC type were identified as independent
prognostic factors for OS. The area under the ROC curve (AUC) of the nomogram for predicting 1-, 3-, and 5-year
OS was 0.831, 0.845, and 0.840, respectively, for the training cohort, and the corresponding AUC values in the
validation cohort were 0.827, 0.829, and 0.812, respectively. Calibration curves and DCA indicated good
performance of the nomogram.

CONCLUSION

In all, we have successfully produced and verified a useful nomogram for predicting OS in GC patients with
preoperative anemia. This nomogram based on a variety of clinicopathological indices can provide an effective
prognostic assessment and help clinicians choose an appropriate treatment strategy for GC patients with
preoperative anemia.

Key Words: Anemia; Gastric cancer; Nomogram; Overall survival

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this work, we evaluated a large amount of clinical information of gastric cancer patients that were collected and
then screened for independent prognostic factors by univariate and multivariate Cox regression analyses. These independent
prognostic factors were then used to construct a nomogram to predict 1-, 3-, and 5-year overall survival (OS) in gastric
cancer patients with preoperative anemia, and the nomogram was evaluated by calibration curves, receiver operating charac-
teristic curves, and decision curve analysis. Finally, we successfully developed and validated a valuable nomogram to predict
OS in gastric cancer patients with preoperative anemia.

Citation: Long Y, Zhou XL, Zhang CL, Wang YN, Pan WS. Nomogram based on clinical characteristics for predicting overall
survival in gastric cancer patients with preoperative anemia. World J Gastrointest Surg 2023; 15(7): 1375-1387
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INTRODUCTION

Gastric cancer (GC) is the fourth most frequently diagnosed cancer in the world and is responsible for approximately
951600 new cases each year[1]. Operative resection plus adjacent treatment is the main therapy for GC. However, despite
advances in the diagnosis and treatment of GC, the prognosis remains poor and GC remains the third leading cause of
cancer-related deaths with approximately 723100 deaths[1-4]. Prevention and individualized treatment are considered the
optimal options to reduce deaths[5-7], and preoperative anemia diagnosis might help to adjust individualized treatment.
Absolute lymphocyte and monocyte counts can predict survival in patients with metastatic cancer, the overall survival
rate of patients with reduced lymphocyte counts is low, and there is an apparent correlation between monocyte counts
and survival[8]. Patients with an absolute monocyte count of 300 to 899 monocytes per cubic millimeter had a
significantly better prognosis than those with higher or lower counts[8].

Patients with advanced GC have a high prevalence of anemia, but with high variability, ranging from 10% to 30%]9,
10]. Cancer-associated anemia (CRA) is linked to various pathological and clinical factors, such as bleeding, lack of
nutrition, and bone-marrow depression[11]. Myelosuppression can be due to invasion of malignant cells and
chemotherapy[12,13]. Anemia is a hematological abnormality present in most patients with cancer, and its prevalence
varies according to the type of cancer and stage of disease. It has been hypothesized that 30% to 90% of cancer patients
present with anemia at the time of diagnosis[14,15]. To assess anemia status within 2 wk prior to surgery, anemia is
defined as a hemoglobin level of < 120 g/L for men and < 110 g/L for women, and mild anemia is defined as a
hemoglobin level > 90 g/L but below normal, according to the criteria suggested by the National Cancer Institute, and
clinical practice guide published by the Chinese Society of Clinical Oncology (CSCO)[16]. According to previous reports,
tumor-associated blood loss, bone marrow involvement, cytokine-mediated disease, and iron or folic acid nutritional
deficiency play a key role in the development and maintenance of CRA[14]. Pretreatment anemia is seen frequently in
cancer patients and can adversely affect their quality of life (QOL) and survival[17,18]. Iron metabolism disorders, tumor-
related bleeding, catabolic abnormalities, and nutritional inadequacies in cancer patients all play a key role in anemia
pathogenesis[17,18]. Further research is needed to clarify the underlying mechanism of the relationship between anemia
and negative prognosis in GC. In most studies, pretreatment anemia is related to a poorer prognosis in cancer patients[19-
22]. Anemia is associated with the nutritional status of patients. Although the prognosis of patients with preoperative
anemia is worse than that of patients without, there are differences in prognosis among anemic patients, with some
having a relatively good prognosis. At present, no one has proposed a predictive model for postoperative overall survival
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(OS) in GC patients with preoperative anemia.

Nomograms are a convenient prediction tool that provides accurate prediction of individual outcomes and have been
utilized to estimate the prognosis of cancer patients[23]. Preoperative anemia predicts poor GC prognosis, including OS
and disease-free survival. Hence, preoperative anemia is a conveniently and cost-effectively available blood-borne
biomarker to predict GC prognosis. Therefore, this study used a nomogram to predict postoperative survival at 1, 3, and 5
years in GC patients with preoperative anemia.

MATERIALS AND METHODS
Study population

Data of patients who were diagnosed with GC and underwent surgery at Zhejiang Provincial People's Hospital (China)
between 2010 and 2015 were included in this study, with the last follow-up date being January 2018. GC patients with
preoperative anemia were screened according to the criteria suggested by the National Cancer Institute, and the clinical
practice guide published by the CSCO. Clinical information for patients was collected, including age, sex, histological
differentiation, clinicopathological stage, tumor size, tumor number, monocytes, lymphocytes, hemoglobin, preoperative
alpha-fetoprotein (AFP) level, preoperative CA125 Level, preoperative CA199 Level, and follow-up status. The inclusion
criteria were as follows: (1) GC patients who did not undergo surgery; and (2) GC patients with a preoperative
hemoglobin level <120 g/L for men and < 110 g/L for women. The exclusion criteria included: (1) Unknown cause of
death; and (2) Unknown information, such as age, sex, grade, histological type, radiotherapy, chemotherapy, metastasis,
hemoglobin, and GC type. In this study, data for both the training and validation sets were obtained from Zhejiang
Provincial People's Hospital, and the research was based on the Declaration of Helsinki (as revised in 2013). This study
was authorized by the Ethics Committee of Zhejiang Provincial People's Hospital, No. 2019KY017. This study was eligible
for waiver of informed consent.

Data collection

The variables included in this study were demographics, cancer characteristics, laboratory data, and metastasis.
Demographic variables included age and sex. Cancer features included tumor size, histological differentiation,
clinicopathological stage, and GC type. Laboratory data included tumor markers and blood work. Metastatic data
included peritoneal, lymphatic, liver, and distant metastases. X-tile software (Yale University, New Haven, CT, United
States) was utilized to validate the optimal cutoff values for age, tumor size, preoperative AFP level, lymphocytes,
monocytes, red cell distribution width (RDW), red blood cell specific volume (HCT), mean corpuscular hemoglobin
(MCH), and mean corpuscular volume (MCV)[24]. For OS, 73 years was the optimal cutoff for age, 3.5 cm for tumor size,
2.60 ng/mL for AFP, 1.2 x 10°/ L for lymphocytes, 0.47 x 10°/L for monocytes, 18.9% for RDW, 0.34 L/L for HCT, 30.7 pg
for MCH, and 87.30 fL for MCV.

Statistical analysis

All statistical analyses were conducted using SPSS 24.0 (IBM) and R software (version 3.6.1). Statistically significant cutoff
values needed to meet a P value < 0.05 (two sided). Univariate and multivariate Cox regression analyses were used to
identify independent prognostic factors. Receiver operating characteristic (ROC) curves for the prognostic nomogram
were created[25]. The area under the ROC curve (AUC) was employed to assess the performance of the nomogram.
Calibration curves were generated to compare the projected and real results. The range of threshold probability and size
of benefits were defined by decision curve analysis (DCA)[26].

RESULTS

Patient characteristics

A total of 347 patients met our inclusion criteria, and after randomization, 243 were included in the training set and 104 in
the validation set (Figure 1). The clinical features of the patients in both study groups are summarized in Table 1. In the
training set, 183 (75.30%) and 60 (24.70%) of the patients were male and female, respectively. Their median age at
diagnosis was 68 years (range 28-87 years), and the median follow-up time was 29 mo. In the validation set, 75 (72.12%)
and 29 (27.88%) patients were males and females, respectively. The median age at diagnosis was 66 years (range 32-89
years), and the median follow-up time was 28.5 mo. The percentage of patients with a tumor size < 3.5 cm was 26.34%
and 27.88% in the training and validation sets, respectively. In addition, there were no significant differences in sex, age,
or type of surgery between the groups, although there were significant differences in pathological stage, histological
differentiation, depth of gastric wall infiltration, type of metastasis, lymphocyte count, monocyte count, and preoperative
AFP level (P < 0.05).

Study population screening

Finally, 347 GC patients were screened as having preoperative anemia and divided randomly into a training cohort and a
validation cohort. Prognostic factors affecting survival independently were investigated in the training cohort, and a
prognostic nomogram was developed. Then, the nomogram was verified in the validation group. The detailed process of
patient selection is shown in Figure 1.
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Table 1 Clinical features of patients in two groups

Characteristic Total cohort, n = 347 Training cohort, n = 243 Validation cohort, n = 104
Age, yr

<73 233 (67.1%) 75 (72.1%) 158 (65.0%)
273 114 (32.9%) 85 (35.0%) 29 (27.9%)
Sex

Female 89 (25.6%) 60 (24.7%) 29 (27.9%)
Male 258 (74.4%) 183 (75.3%) 75 (72.1%)
Tumor size, cm

<35 93 (26.8%) 64 (26.3%) 29 (27.9%)
235 254 (73.2%) 179 (73.7%) 75 (72.1%)
Stage

I 61 (17.6%) 42 (17.3%) 19 (18.3%)
I 83 (23.9%) 61 (25.1%) 22 (21.1%)
11 181 (52.1%) 125 (51.4%) 56 (53.8%)
v 24 (6.3%) 15 (6.2%) 7 (6.7%)
Liver metastasis

No 326 (94.0%) 227 (93.4%) 99 (95.2%)
Yes 21 (6.0%) 16 (6.6%) 5 (4.8%)
Lymphocyte count, x 10°/L

<12 134 (38.6%) 101 (41.6%) 33 (31.7%)
>1.2 213 (61.4%) 142 (58.4%) 71 (68.3%)
AFP, ng/mL

<26 205 (59.1%) 143 (58.8%) 62 (59.6%)
226 142 (40.9%) 100 (41.2%) 42 (43.1%)
Type of surgery

Partial excision 191 (55.0%) 130 (53.4%) 61 (58.7%)

Total gastrectomy
GC type

Ulcer type

Polyp type

Diffuse type

Others

Peritoneal metastasis
No

Yes

Lymphatic metastasis
No

Yes

Remote metastasis
No

Yes

Vascular invasion

JBaishideng®

156 (45.0%)

289 (83.3%)
26 (7.5%)
11 (3.2%)

21 (6.0%)

322 (92.8%)

25 (7.2%)

95 (27.4%)

252 (72.6%)

323 (93.1%)

24 (6.9%)
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113 (46.6%)

207 (85.1%)
16 (6.6%)
8(3.3%)

12 (5.0%)

226 (93.1%)

17 (6.9%)

64 (26.6%)

179 (73.4%)

228 (93.8%)

15 (6.2%)

43 (41.3%)

82 (78.8%)
10 (9.6%)
3(2.9%)

9 (8.7%)

96 (92.3%)

8 (7.7%)

31 (29.8%)

73 (70.2%)

95 (91.3%)

9 (8.9%)
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No 195 (56.2%) 136 (66.0%) 59 (56.7%)
Yes 152 (43.8%) 107 (44.0%) 45 (43.3%)
Histological differentiation

Highly or moderately differentiated 98 (28.2%) 70 (28.85) 28 (26.9%)
Lowly or undifferentiated 222 (64.0%) 155 (63.8%) 67 (64.4%)

Indolent cell or mucinous adenocarcinoma

Monocyte count, x 10°/L 27 (7.8%) 18 (7.4%) 9 (8.7%)
<047

2047 172 (49.6%) 101 (41.6%) 71 (68.3%)
Red cell distribution width, % 175 (50.4%) 142 (58.4%) 33 (31.7%)
<189 307 (88.5%) 216 (88.9%) 91 (87.5%)
2189 40 (11.5%) 27 (11.1%) 13 (12.5%)

Red blood cell specific volume, L/L

<0.34 266 (76.7%) 192 (79.0%) 74 (71.2%)
>0.34 81 (23.3%) 51 (21.0%) 30 (28.8%)
Mean corpuscular hemoglobin, pg

<30.70 297 (85.6%) 211 (86.8%) 86 (82.7%)
>30.70 50 (14.4%) 32 (13.2%) 18 (17.3%)
Mean corpuscular volume, fL

<87.30 187 (53.9%) 134 (55.1%) 53 (51.0%)

>87.30 160 (46.1%) 109 (44.9%) 51 (49.0%)

AFP: Alpha-fetoprotein.

Gastric cancer patients performed surgery
at Zhejiang Provincial People's Hospital
between 2010 and 2015 (7 = 960)

Exclusion criteria included:
(1) Death but unknown cause of death; and (2)
Unknown information, such as age, sex, grade,
histological type, radiotherapy, chemotherapy,
metastasis, hemoglobin, general type, and so on

Inclusion criteria:
(1) Who did not undergo surgery; and (2) With
preoperative hemoglobin levels < 120 g/L for
men and < 110 g/L for women

Eligible patients with preoperative
anemic gastric cancer (7 = 347)

A A/

Training group Validation group
(n =243) (n =104)

DOI: 10.4240/wjgs.v15.i7.1375 Copyright ©The Author(s) 2023.

Figure 1 Flowchart of patient selection.

Survival analysis

The 960 GC patients were divided into two groups (preoperatively anemic and nonanemic) according to patient follow-
up data. Postoperative survival analysis was performed for both cohorts, yielding a shorter postoperative survival for
preoperatively anemic patients than for nonanemic patients and a statistically significant difference in postoperative
survival between the two cohorts (Figure 2).
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Figure 2 Patient survival analysis.

Construction and validation of the nomogram for OS

The results of using univariate Cox proportional hazards regression to screen prognostic factors showed that age, tumor
size, GC type, clinical stage, liver metastasis, monocytes, lymphocytes, preoperative AFP level, peritoneal metastasis,
lymphatic metastasis, vascular invasion, histological differentiation, and RDW were factors associated with OS (Table 2).
Then, all factors associated with OS were included in the multivariate Cox analysis, and age, preoperative AFP level,
monocytes, lymphocytes, clinicopathological stage, liver metastasis, and GC type were determined to be independent OS-
related factors (Table 2). An OS prognostic nomogram was established by combining the corresponding independent
prognostic factors (Figure 3). In summary, the nomogram predicted 1-, 3-, and 5-year OS for each patient by summarizing
the scores shown on the bottom scale. The AUCs of the nomogram were 0.831, 0.845, and 0.840 for predicting 1-, 3-, and 5-
year OS in the training group, separately, and the corresponding AUCs were 0.827, 0.829, and 0.812 in the validation
group, respectively (Figure 4). Furthermore, the calibration curves for the 1-, 3- and 5-year OS in both the training and
validation cohorts showed close agreement between the real results and the projected results by the column line plots
(Figure 5). The DCA showed good predictive efficiency of column line graphs for OS in preoperatively anemic GC
patients (Figure 6).

DISCUSSION

The prevalence of anemia was 25.2%, and pretreatment anemia was an independent prognostic factor for lymph node
metastasis-free survival, recurrence-free survival, and OS[27]. In our study, we created a nomogram to predict
postoperative OS in GC patients with preoperative anemia, and by getting data for several easily obtainable variables on
the nomogram for each GC patient, a total score could be calculated. Therefore, the postoperative OS of GC patients with
preoperative anemia can be easily calculated from the nomogram, providing guidance for further clinical management.
Shen et al[28] found that preoperative anemia was significantly associated with tumor size, depth of infiltration, lymph
node metastasis, and advanced tumor stage[28]. Liu et al[29] found that preoperative anemia was associated with tumor
size[29]. In addition, several clinical studies have reported that preoperative anemia is an important risk factor for
postoperative complications in GC and is negatively correlated with physical and nutritional status[16,30-32]. GC patients
without anemia might tolerate surgery and adjuvant therapy better, whereas anemic patients need to be treated before
surgery with adjuvant therapy and followed closely[33]. Absolute counts of lymphocytes and monocytes predicted
survival in patients with metastatic cancer; overall survival was lower in patients with reduced lymphocyte counts, and
patients with absolute monocyte counts of 300 to 899 monocytes per cubic millimeter had a significantly better prognosis
than those with higher or lower counts[8]. Patients with liver metastases more often showed high expression of AFP, and
histopathological type and tumor location did not affect the status of tumor markers[34]. AFP positivity is associated with
liver metastases from gastric cancer, and liver metastases from gastric cancer results in a poorer prognosis[35-37]. AFP-
producing gastric cancer was associated with venous invasion, deeper invasion of the gastric wall, and higher liver
metastasis rate, with poorer overall survival in the AFP-positive group than in the AFP-negative group[36]. AFP-
producing gastric cancers with liver metastases had deeper gastric wall infiltration and more pronounced lymphatic and
venous invasion[36]. Saito et al[38] observed that a large tumor size was an independent prognostic factor for a worse
prognosis. Large tumor size stimulates angiogenesis, which increases tumor cell proliferation[38]. However, to date, no
predictive models have been developed, which means that postoperative OS in GC patients cannot be predicted by
combining all independent preoperative anemia-related predictors. In our study, the results showed that age,
preoperative AFP level, monocyte count, lymphocyte count, clinicopathological stage, liver metastasis, and GC were
significant predictors of postoperative OS in preoperatively anemic GC patients. After two sets of data from the training
and validation sets were compared to improve the accuracy and reliability of the study, we used ROC, calibration, and
DCA curves to assess the accuracy of the model. We found that this prognostic model has good accuracy. Individualized
GC treatment is a multidisciplinary collaborative and complementary approach aimed at enhancing the outcomes of
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Table 2 Univariate and multivariate Cox analyses of overall survival in patients with preoperatively anemic gastric cancer
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Univariate analysis

Multivariate analysis

HR (95%Cl) Pvalue HR (95%Cl) Pvalue

Age, yr
<73
273 1.886 (1.367-2.602) <0.001 2.137 (1.532-2.981) <0.001
Sex
Female
Male 1.365 (0.924-2.016) 0.118
Tumor size, cm
<35
235 2.399 (1.561-3.685) <0.001
Stage
I
II 2.274 (1.142-4.526) 0.019 1.726 (0.846-3.521) 0.133
11T 5.296 (2.827-9.919) <0.001 4.231 (2.192-8.167) <0.001
v 14.598 (6.501-32.780) <0.001 4.908 (1.426-16.897) <0.001
Liver metastasis
No
Yes 5.046 (2.943-8.653) 0.001 3.573 (1.302-9.804) 0.013
Monocyte count, x 109/ L
<047
>0.47 2.006 (1.363-2.953) 0.019 1.819 (1.225-2.700) 0.003
Lymphocyte count, x 10°/L
<12
>1.2 0.683 (0.498-0.939) <0.001 0.645 (0.463-0.898) 0.009
AFP, ng/mL
<26
226 1.983 (1.443-2.725) <0.001 1.720 (1.238-2.390) 0.001
Type of surgery
Partial excision
Total Gastrectomy 1.292 (0.940-1.775) 0.114
GC type
Ulcer type
Polyp type 0.97 (0.475-1.979) 0.933 1.527 (0.736-3.167) 0.225
Diffuse type 2.715 (1.256-5.869) 0.011 5.131 (2.266-11.621) <0.01
Others 0.17 (0.042-0.687) 0.013 0.353 (0.082-1.517) 0.162
Peritoneal metastasis
No
Yes 3.531 (2.086-5.595) <0.001
Lymphatic metastasis
No
Yes 2.879 (1.857-4.465) <0.001
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Vascular invasion

No

Yes 1.831 (1.332-2.519) <0.001
Histological differentiation

Highly or moderately differentiated

Lowly or
undifferentiated 1.848 (1.255-2.271) 0.002
Indolent cell or mucinous adenocarcinoma 1.363 (0.690-2.691) 0.372

Red cell distribution width, %

<189

>18.9 1.88 (1.203-2.938) 0.006
Red blood cell specific volume, L/L

<0.34

>0.34 1.505 (0.98-2.31) 0.062
Mean corpuscular hemoglobin, pg

<30.7

>30.7 0.838 (0.674-1.042) 0.112
Mean corpuscular volume, fL

<87.30

>87.30 1.114 (0.948-1.309) 0.189

HR: Hazard ratio; AFP: Alpha-fetoprotein.
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Figure 3 Nomogram for predicting the 1-, 3-, and 5-year overall survival of patients with preoperatively anemic gastric cancer. 0S: Overall
survival.

cancer treatment and is currently the focus of many medical studies. Nomograms integrate more potential independent
prognostic risk factors to personalize the prediction of patient survival and thus develop better treatment options. The
calibration plots show good agreement between projected probabilities and practical observations, thus affirming their
reliability and reproducibility. The accuracy of the nomogram is higher than that of any individual predictor, which also
indicates the importance of the integrated prediction model.
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Figure 4 Receiver operating characteristic curve of the nomogram. A-C: 1- (A), 3- (B), and 5-year (C) overall survival in the training group; D-F: 1- (D),
3- (E), and 5-year (F) overall survival in the validation group. AUC: Area under the receiver operating characteristic curve.
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Figure 5 Calibration curves of the nomogram. A-C: 1- (A), 3- (B), and 5-year (C) overall survival in the training group; D-F: 1- (D), 3- (E), and 5-year (F)
overall survival in the validation group. OS: Overall survival.
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Figure 6 Decision curve analysis of the nomogram. A-C: 1- (A), 3- (B), and 5-year (C) overall survival in the training group; D-F: 1- (D), 3- (E), and 5-year
(F) overall survival in the validation group.

Although the nomogram has excellent accuracy, it is inevitable that our work has some limitations. First, although the
nomogram was validated externally and the results were consistent, all patients in the study were from China, and the
data had geographical limitations. Second, in China, there is no major public GC database available for analysis and this
study is a single-center data study with a limited sample size, so the information might be incomplete. In addition,
treatment bias may have occurred. In assessing the correlation between hemoglobin levels and efficacy, the effect of
chemotherapy could not be excluded. In addition, this study did not include chemotherapy or radiotherapy because of
there was some incomplete data.

CONCLUSION

In conclusion, GC patients with preoperative anemia have a shorter survival than those without, and we used general
clinical data to generate and verify a nomogram for predicting the 1-, 3-, and 5-year survival in such patients. The
prognostic nomogram had greater discriminatory power and clinical applicability than the prognostic factors alone, and
we used ROC, calibration, and DCA curves to assess the precision of the model and revealed that the prognostic model
had high precision.

ARTICLE HIGHLIGHTS

Research background

There are differences in prognosis among anemic patients, with some having a relatively good prognosis, but no one has
proposed a predictive model for postoperative overall survival (OS) in gastric cancer (GC) patients with preoperative
anemia.

Research motivation
To predict postoperative OS in GC patients with preoperative anemia using a nomogram.

Research objectives

The purpose of this study was to determine the effect of preoperative anemia on the prognosis of GC patients and
generate a prognostic nomogram to predict the postoperative OS of GC patients with preoperative anemia.
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Research methods

Clinicopathological and follow-up data of GC patients treated at Zhejiang Provincial People's Hospital (China) from 2010
to 2015 were collected. Independent prognostic factors were screened by univariate and multivariate Cox regression
analyses. Then, these factors were used to construct a nomogram.

Research results

The area under the operating characteristic (ROC) curve (AUC) of the nomogram for predicting the 1-, 3-, and 5-year OS
were 0.831, 0.845, and 0.840, respectively, for the training cohort, and the corresponding AUC values in the validation
cohort were 0.827, 0.829, and 0.812, respectively. Calibration curves and decision curve analysis indicated good
performance of the nomogram.

Research conclusions
We have successfully produced and verified a useful nomogram for predicting OS in preoperatively anemic GC patients.

Research perspectives
Our study provides a tool for predicting OS by known clinicopathological and follow-up data.
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