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Abstract: Objective: To investigate the independent risk factors for a decreased hemoglobin level in gastric cancer
patients undergoing adjuvant chemotherapy. Methods: A retrospective study was conducted on 142 gastric cancer
patients who received chemotherapy between May 2017 and May 2021 at the Gansu Provincial Cancer Hospital. All
patients were subjected to the same regimen of adjuvant chemotherapy combining platinum/taxane and fluoroura-
cil. The correlation between patients’ clinicopathological features and the decreased hemoglobin during adjuvant
chemotherapy was analyzed. Logistic and LASSO regression analyses were employed to screen for independent risk
factors for decreased hemoglobin during adjuvant chemotherapy. Results: Univariate analysis revealed that intraop-
erative bleeding, pre-chemotherapy anemia, and hypoalbuminemia were risk factors for the decreased hemoglobin
in patients during adjuvant chemotherapy (all P < 0.05). Both logistic and LASSO regression analyses corroborated
these factors as influential factors in the decrease of hemoglobin (P < 0.05). In addition, both logistic and LASSO
regression models demonstrated similar performance in this aspect. The nomogram model was subjected to inter-
nal validation, resulting in a C-index of 0.712 (0.629-0.796). The calibration curves exhibited satisfactory alignment
with the ideal curve. Conclusion: Intraoperative blood loss, pre-chemotherapy anemia, and hypoalbuminemia are
independent risk factors for hemoglobin reduction following chemotherapy. Moreover, both the logistic and LASSO
regression models exhibited equivalent performance in this context. These findings bear substantial clinical implica-
tions, aiding physicians in the management of anemia in patients undergoing chemotherapy.
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Introduction

Gastric cancer remains one of the most com-
mon and deadly cancers worldwide [1]. Despite
significant advancements in treatment strate-
gies, the prognosis for gastric cancer patients,
particularly those with advanced stages, re-
mains poor [2]. Postoperative adjuvant chemo-
therapy is a key treatment strategy used to
reduce tumor recurrence and improve survival
[3]. However, this approach is often associated
with significant side effects and complications,
among which anemia is one of the most fre-
quent and troublesome [4].

Anemia, characterized by a decrease in hemo-
globin levels, is a common adverse effect dur-

ing postoperative chemotherapy. It can lead to
various symptoms such as fatigue, dizziness,
and palpitations, severely affecting a patient’s
quality of life and even the efficacy of their
treatment [5]. Numerous factors have been
postulated to influence the occurrence of ane-
mia during chemotherapy, including the cytotox-
icity of chemotherapy agents on hematopoietic
cells, and the treatment-induced inflammation
that disturbs iron metabolism [6]. However, the
specific risk factors causing hemoglobin decline
after postoperative chemotherapy in gastric
cancer patients remain poorly understood [7].
Existing studies investigating the factors influ-
encing hemoglobin decline in gastric cancer
patients undergoing chemotherapy have largely
been limited by their small sample sizes, single-
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center designs, and lack of rigorous statistical
analyses [8, 9]. In addition, most previous stud-
ies have not developed predictive models to
help clinicians identify patients at high risk for
hemoglobin decline, thus limiting their clinical
utility [10, 11].

In the present study, we applied advanced sta-
tistical methods including univariate analysis,
logistic regression, and LASSO regression to
identify and validate independent risk factors
for hemoglobin decline. Furthermore, we inno-
vatively constructed and compared the perfor-
mance of two predictive models for hemoglobin
decline, which could assist clinicians in the risk
stratification and management of anemia in
gastric cancer patients undergoing chemother-
apy. These findings are expected to provide
new insight into the management of anemia in
gastric cancer patients and improve their over-
all treatment outcome and quality of life.

Materials and methods
General information

This retrospective study involved 205 gastric
cancer patients who underwent chemotherapy
between May 2017 and May 2021 at Gansu
Provincial Cancer Hospital. All patients were
treated with an adjuvant chemotherapy regi-
men that combined platinum/taxane and fluo-
rouracil. This research was approved by the
medical ethics committee of Gansu Provincial
Cancer Hospital (P-LW202311210013).

Treatment regimen

Patients included in this study received adju-
vant chemotherapy following surgical resection
of gastric cancer. The chemotherapy regimen
was characterized by the inclusion of fluoroura-
cil-based medications, particularly 5-fluoroura-
cil (5-FU, Chinese Pharmaceutical Criterion
H23021711, Heilongjiang Fuhe Pharmaceuti-
cal Group Co., Ltd.) and leucovorin (Sinophar-
maceutical Criterion H20023636, Jiangsu
Hengrui Pharmaceutical Co., Ltd.), in combina-
tion with either oxaliplatin (Sinopharmaceutical
Criterion H20133094, Harbin Pharmaceutical
Group Biological Engineering Co., Ltd.) or cispl-
atin (Guoyao Zhanzi H20213819, Qilu Phar-
maceutical Co., Ltd.). The specific regimen,
referred to as either FOLFOX or FOLFIRI, was
selected based on the patient’s overall health,
cancer stage, and the oncologist’s evaluation.
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In the FOLFOX regimen, patients were intrave-
nously administered oxaliplatin (85 mg/m?) on
the first day, followed by leucovorin (400 mg/
m2), then an intravenous bolus of 5-FU (400
mg/m?), and finally a continuous infusion of
5-FU (2400 mg/m?2) over 46 hours. This cycle
was repeated every two weeks. In the FOLFIRI
regimen, patients were given an intravenous
dose of irinotecan (180 mg/m?2) on the first day,
coupled with leucovorin (400 mg/m?), followed
by an intravenous bolus of 5-FU (400 mg/m3),
and finally a continuous infusion of 5-FU (2400
mg/m?) over 46 hours. This cycle was simi-
larly repeated every two weeks. Patients under-
went a total of 8 to 12 cycles of chemotherapy,
which were contingent upon their response to
treatment and side effects tolerance. Dosage
adjustments were made in accordance with the
observed toxic effects as per standard guide-
lines. The response to chemotherapy was eval-
uated after every two cycles, following the
Response Evaluation Criteria in Solid Tumors
(RECIST) [12].

Inclusion and exclusion criteria

Inclusion criteria: patients with histologically
confirmed gastric cancer [13], those who had
successfully completed D2 type surgery and
RO resection, patients who completed a mini-
mum of 4 cycles of adjuvant chemotherapy
with platinum/taxane and fluorouracil, patients
without secondary malignant tumors, and
those with complete clinical data. The study
complied with the provisions of the “Declaration
of Helsinki of the World Medical Association”
[14].

The exclusion criteria: patients with a history of
radiotherapy and renal insufficiency, patients
with hemorrhagic diseases, autoimmune he-
molysis, chronic inflammation, or patients with
elevated carcinoembryonic antigen (CEA) and
CA199, as well as patients who had received
preventative supplemental hematopoietic raw
materials.

Sample grouping

As per the grading standards delineated in the
NCCN anemia guideline [13] in the United
States, anemia is defined as Hb < 110 g/L.
Mild anemia is classified as Hb 90-110 g/L,
moderate anemia as Hb 60-90 g/L, and severe
anemia as Hb < 60 g/L. According to the
defined inclusion and exclusion criteria, we ini-
tially screened 205 samples, and 142 patients
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Table 1. Baseline data sheet

Factor n
Age

>60 55

<60 87
Gender

Male 88

Female 54
Tumor location

Pancreatic 23

Gastric body 81

Gastric sinus 44
Differentiation degree

Low 123

Medium 19
TNM staging

Il staging 43

Il staging 99
Surgical method

Proximal resection 9

Total gastrectomy 87

Distal resection 42
T-staging

T1-T3 23

T4 119
Deep venous invasion

Yes 98

No 44
Lymph node metastasis

Yes 101

No 41
Intraoperative blood loss

>100 mL 26

<100 mL 116
Pre-chemotherapy anemia

Yes 31

No 111
Hypoalbuminemia

Yes 59

No 83
Smoking history

Yes 88

No 54
Alcohol abuse history

Yes 15

No 127
Hypertension history

Yes 31

No 111
Diabetes history

Yes 22

No 120
Note: TNM staging: Tumor, nodes, metastasis-classifica-
tion.
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met the requirements finally. Patients were cat-
egorized into a decline group (n=84) and a non-
decline group (n=58) based on the decline in
Hb after chemotherapy.

Clinical data collection

We collated data pertaining to patients’ age,
gender, tumor location, degree of differentia-
tion, TNM stage, surgical method, T stage, deep
vein invasion, lymph node metastasis, intraop-
erative bleeding, among other clinical data.

Statistical analysis

The study used R language 4.1.1 software (R
Foundation for Statistical Computing, Vienna,
Austria) for data cleaning, data analysis, and
model building. LASSO regression was used to
screen predictive factors with non-zero coeffi-
cients, and logistic regression was used to
screen influencing factors. R (R3.5.3) software
package and rms package were used to create
Nomograms, and rms package was used to cal-
culate the concordance index (C-index). The
clinical value was verified through the receiver
operating characteristic (ROC) curve. Delong’s
test was used to analyze the difference in the
area under the ROC curve. Graph Pad Prism 8.0
was used for data visualization. A P value <
0.05 indicated statistical significance.

Results
Baseline data

We obtained a total of 142 samples, including
55 patients aged > 60 and 87 patients aged <
60; among them there were 88 male patients
and 54 female patients. Table 1 shows the clin-
ical characteristics of patients: tumor sites: 23
in pancreatic, 81 in gastric body and 44 in gas-
tric sinus; 123 cases of hypofractionation, 19
cases of intermediate differentiation; 43 cases
of TNM stage I-1l, 99 cases of stage lll; 9 cases
of proximal resection, 87 cases of total gastric
resection, and 42 cases of distal resection; 23
cases of stage T1-T3, 119 cases of T4 stage;
98 cases of deep venous duct invasion; 101
cases of lymph node metastasis; 26 cases with
intraoperative bleeding > 100 mL, 116 cases
with < 100 mL; 31 cases with anemia before
chemotherapy; 59 cases with hypoproteinemia;
88 cases with a history of smoking; 15 cases
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Table 2. Univariate analysis of the hemoglobin decline in patients

Factor Decrease  Non-decrease X2 P
group (n=84) group (n=58) value value

Age
> 60 years 32 23 0.035 0.810
< 60 years 52 35

Gender
Male 55 33 1.072 0.339
Female 29 25

Tumor location
Pancreatic 13 10 0.328 0.848
Gastric body 49 32
Gastric sinus 28 16

Differentiation degree
Low 71 52 0.779 0.383
Medium 13 6

TNM staging
I-1l staging 29 14 1.753 0.185
Il staging 55 44

Surgical methods
Proximal resection 4 5 3.407 0.182
Total gastrectomy 50 37
Distal resection 30 12

T-staging
T1-T3 15 8 0.417 0.518
T4 69 50

Deep venous invasion
Yes 60 38 0.560 0.454
No 24 20

Lymph node metastasis
Yes 62 39 0.720 0.395
No 22 19

Intraoperative blood loss
>100 mL 21 5 6.154 0.013
<100 mL 63 53

Pre-chemotherapy anemia
Yes 25 6 7.580 0.005
No 59 52

Hypoalbuminemia
Yes 43 16 7.871 0.005
No 41 42

Smoking history
Yes 55 33 1.072 0.301
No 29 25

Alcohol abuse history
Yes 10 5 0.391 0.531
No 74 53

Hypertension history
Yes 19 12 0.074 0.784
No 65 46

Diabetes history
Yes 12 10 0.228 0.632
No 72 48

Note: TNM staging: Tumor, nodes, metastasis-classification.

1704

with a history of alcohol abuse;
31 cases with a history of
hypertension; 22 cases with a
history of diabetes mellitus.

Univariate analysis

Univariate analysis indicat-
ed that intraoperative blood
loss, pre-chemotherapy ane-
mia, and hypoalbuminemia we-
re risk factors for hemoglobin
decline in patients (all P <
0.05, Table 2).

Logistic regression analysis
and risk model establishment

To further identify the risk fac-
tors affecting the patient’s
hemoglobin decline, we used
logistic regression for analysis.
The results showed that intra-
operative blood loss, pre-che-
motherapy anemia, and hypo-
albuminemia were indepen-
dent risk factors affecting the
decrease of hemoglobin in
patients after chemotherapy
(all P < 0.05, Table 3). Sub-
sequently, we constructed a
risk model of logistic regres-
sion based on the B coeffi-
cients of logistic regression.
The risk score of each patient
was calculated through the
risk scoring formula. Risk for-
mula: intraoperative blood loss
* 1.113 + pre-chemotherapy
anemia * 1.308 + hypoalbu-
minemia * 0.940. Based on
the risk scoring formula, we
obtained the risk score of each
sample. By comparison, we
found that the risk score of
patients in the decline group
was significantly higher than
that of the non-decline group
(P <0.0001, Figure 1A). Throu-
gh the ROC curve analysis, it
was found that the area under
the curve of the risk score in
predicting patient’s lung infec-
tion was 0.712 (Figure 1B).
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Table 3. Logistic regression analysis

95% Cl
Factor B Standard error x2value  Pvalue OR value
Lower Upper
Intraoperative blood loss 1.113 0.552 4.065 0.044 3.045 1.032 8.985
Pre-chemotherapy anemia 1.308 0.509 6.595 0.010 3.697 1.363 10.028
Hypoalbuminemia 0.940 0.383 6.028 0.014 2.559 1.209 5.420

Note: Cl: Confidence interval; OR: Odds ratio.
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Figure 1. Logistic risk model in predicting patient hemoglobin decline. A. Logistic regression risk model score in
each patient. B. ROC curve of the logistics regression risk model. Note: ROC curve: Receiver operating characteristic

curve; ****pP < (0.0001.

LASSO regression analysis and risk model
establishment

We performed LASSO regression analysis on
the obtained data again and found that intraop-
erative blood loss, pre-chemotherapy anemia,
and hypoalbuminemia were all significant (all P
< 0.05), and 3 indicators were acceptable for
lambda selection in both 1se and min, so we
chose lambda.1se (0.07714) for analysis
(Figure 2A, 2B). Based on lambda.l1se, we built
the risk scoring formula: intraoperative blood
loss * 0.04616139 + pre-chemotherapy ane-
mia * 0.08243276 + hypoalbuminemia *
0.07001516. Based on the risk scoring formu-
la, we obtained the risk score of each sample.
By comparison, we found that the risk score of
patients in the decline group was significantly
higher than that of the non-decline group (P <
0.0001, Figure 2C). Through the ROC curve
analysis, it was found that the area under the
curve of the risk score for predicting hemoglo-
bin levels in patients undergoing postoperative
chemotherapy for gastric cancer was 0.707
(Figure 2D).
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Predictive performance comparison

To compare the predictive performance of the
two models in predicting hemoglobin decline,
we used Delong’s test to compare the area
under the curve of the two models. The results
showed no difference in the area under the
curve of the two models (P > 0.05, Table 4;
Figure 3), and through the ROC parameters
(Table 5), the specificity and sensitivity of the
two models were consistent. This indicates that
the predictive performances of the two models
in predicting the hemoglobin decline in patients
are comparable.

Establishment of nomogram risk model

Based on 3 independent prediction factors, a
risk nomogram model was established to pre-
dict the risk of hemoglobin decline in patients.
Each score line’s left end corresponds to O
points, and the right end starts from the intra-
operative blood loss indicator, in turn, 85, 100,
72 with a total score of 280 points (Figure 4A).
For example, for a patient with intraoperative
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Figure 2. LASSO risk model for predicting patient hemoglobin decline. A, B. LASSO coefficient distribution of regres-
sion analysis and the level of adjusted parameter (lambda) based on 10-fold cross-validation. C. LASSO regression
risk model score per patient. D. ROC curve of LASSO regression risk model. Note: LASSO: Least absolute contraction

and selection operator; ROC curve: Receiver operating characteristic curve; ****pP < 0.0001.

Table 4. Delong test

95% Cl
Z value P value AUC difference Stapdard error >
difference Lower Upper
Logistic vs LASSO 0.439 0.66 0.004 0.285 -0.015 0.024

Note: Cl: confidence interval; AUC: area under the curve.

100 -
-#- |ogistics
80 lasso
R
>
3
2 404
]
»
204

T T T T 1
0 20 40 60 80 100

100% - Specificity%

Figure 3. Comparison of ROC curves in predicting
the decrease of hemoglobin between logistic and
LASSO prediction models. Note: LASSO: Least ab-
solute shrinkage and selection operator; ROC curve:
Receiver operating characteristic curve.
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blood loss > 100 mL, existed pre-chemothera-
py anemia, and no hypoalbuminemia, the score
shown by the nomogram model is 85 + 100 +
0=185 points. The corresponding probability of
hemoglobin decline is about 65%. The nomo-
gram model was internally validated using the
Bootstrap method (after 1,000 times of resam-
pling the original data), and the results showed
that the internal validation C-index was 0.712
(0.629-0.796), and the calibration curve was in
good agreement with the ideal curve (Figure
4B).

Discussion

After surgical resection, postoperative adjuvant
chemotherapy has become one of the routine
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Table 5. ROC parameters

Predictive variable AUC 95% ClI Cut-off value  Sensitivity Specificity Youden index
Logistic 0.712 0.630-0.795 0.470 0.637 0.750 0.387
LASSO 0.708 0.624-0.791 0.023 0.637 0.750 0.387
Note: AUC: Area under the Curve; Cl: confidence interval.
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Figure 4. Nomogram risk model and internal validation. A. Nomogram for predicting hemoglobin decline. B. Boot-

strap method for internal validation of the nomogram model.

treatment plans for gastric cancer patients to
reduce postoperative tumor recurrence and
mortality [15-18]. However, the adverse reac-
tions of postoperative chemotherapy are inevi-
table, including nausea, vomiting, diarrhea, and
fatigue, among which anemia is the most com-
mon [19-21]. Anemia is also common during
postoperative chemotherapy. Its main manifes-
tation is a decline in hemoglobin, leading to
symptoms such as fatigue, dizziness, and palpi-
tations in patients, which may seriously affect
the patient’s quality of life and treatment effect
[22-24]. Therefore, exploring the risk factors
causing the decline of hemoglobin after post-
operative chemotherapy is of great significance
for guiding clinical doctors’ treatment strate-
gies and improving quality of life.

In gastric cancer patients undergoing chemo-
therapy after surgery, the etiology of anemia
can be multifactorial. Extensive clinical discus-
sions have highlighted various factors contrib-
uting to decreased hemoglobin levels after
postoperative chemotherapy, such as chemo-
therapy drugs irreversibly damaging hemato-
poietic cells alongside tumor cells [25]. Addi-
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tionally, studies have demonstrated that che-
motherapy-induced inflammation plays a sig-
nificant role in anemia development. Over-
expression of inflammatory cell factors such as
y-interferon (IFN-y), interleukin (IL-1), and tumor
necrosis factor (TNF) leads to increased hepci-
din levels, which subsequently diminish the
direct utilization of iron by red blood cells,
thereby causing disruptions in red blood cell
production [26]. However, the consistency of
these findings remains unclear. In this retro-
spective analysis, we investigated the influence
of various factors on hemoglobin reduction in
patients. Univariate analysis revealed that
intraoperative blood loss, pre-chemotherapy
anemia, and hypoalbuminemia could signifi-
cantly impact hemoglobin levels. Logistic
regression and LASSO regression analyses
confirmed the independent association of intra-
operative blood loss, pre-chemotherapy ane-
mia, and hypoalbuminemia with hemoglobin
decline. Notably, intraoperative blood loss
exceeding 100 mL indicates substantial bleed-
ing during surgery, which can lead to postopera-
tive anemia. Insufficient blood volume resulting
from significant blood loss, relative to red blood
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cell count reduction, also contributes to this
anemia [27]. Furthermore, the administration
of hemostatic drugs and blood transfusions
during surgery may also influence anemia
development. Pre-existing anemia exacerbates
the decline in hemoglobin levels caused by che-
motherapy due to the reduced number of red
blood cells in the patient’s body [28]. Anemia-
induced oxygen deficiency further dimini-
shes the patient’s tolerance to chemotherapy
drugs, ultimately affecting the treatment out-
come [29]. Hypoalbuminemia, characterized by
below-normal levels of plasma protein, adverse-
ly impacts various physiologic activities. Its cor-
relation with postoperative anemia is due to
insufficient blood volume, resulting in a relative
reduction in red blood cell count [30]. Addi-
tionally, hypoalbuminemia may compromise
the patient’s immune function and reduce their
tolerance to chemotherapy drugs, thereby influ-
encing the treatment outcome [31].

In medical diagnosis and prediction, predictive
models play a vital role in assisting doctors with
patient assessment and disease trend fore-
casting [32-34]. Two commonly used predictive
models are logistic regression and LASSO re-
gression. Logistic regression is well-suited for
binary classification tasks, enabling clinicians
to make judgments regarding the presence or
absence of a particular disease by constructing
an appropriate model [35]. On the other hand,
LASSO regression is a linear regression tech-
nique that incorporates feature selection, mak-
ing it effective for handling high-dimensional
data and enhancing the accuracy of predictive
models [36]. In our study, we developed predic-
tive models using both logistic regression and
LASSO regression. Interestingly, we observed
comparable performance between the two
models, with no significant difference in the
area under the curve (AUC) and consistent
specificity and sensitivity. These findings indi-
cate that the selected features in our models
were reasonable, accurately reflecting the
patients’ actual conditions, and both algo-
rithms demonstrated robust performance. We
considered the sample size and distribution in
our study, implementing measures such as
cross-validation to ensure the reliability and
stability of the models. Additionally, we em-
ployed a nomogram risk model to predict the
risk of anemia following chemotherapy. This
model integrated three key factors: intraopera-
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tive blood loss, pre-chemotherapy anemia, and
hypoalbuminemia. By considering these vari-
ables, the nomogram effectively predicted the
likelihood of anemia development after chemo-
therapy. The model demonstrated good predic-
tive performance, as evidenced by a C-index of
0.712 (95% Cl: 0.629-0.796), further support-
ing its reliability and clinical utility.

In this study, we analyzed the risk factors for
the decline in hemoglobin after gastric cancer
chemotherapy through two models and deter-
mined that intraoperative blood loss, pre-che-
motherapy anemia, and hypoalbuminemia are
related to the decline in hemoglobin in patients.
However, this study still has certain limitations.
First, the study is a single-center study with a
small sample size, which may result in bias in
the results. Second, due to the small sample
size, we did not perform external validation in
this study. The generalizability of the model still
needs to be further empirically verified.
Therefore, we hope to carry out more experi-
ments in subsequent research to improve our
results.

In summary, intraoperative blood loss, pre-che-
motherapy anemia, and hypoalbuminemia are
independent risk factors affecting the decrea-
se of hemoglobin in patients after chemothera-
py. Moreover, logistic regression and LASSO
regression models perform similarly in this
regard. These results have some clinical signifi-
cance for doctors to guide the management of
anemia in patients after chemotherapy.
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