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Background: The ratio of fibrinogen to prealbumin (FPR) is associated with the prognosis of many cancers. However, the prognostic
significance of FPR in resectable gastric cancer has not been clarified.

Methods: A total of 760 patients with resectable gastric cancer participated in this study. The receiver operating characteristic curve
(ROC) was used to calculate the optimal cutoff value of each immunonutrition marker. Univariate and multivariate Cox regression
analyses were used to confirm the prognostic value of FPR in patients with gastric cancer and to select appropriate variables for the
construction of nomogram.

Results: Utilizing ROC analysis, we calculated the optimal cutoff value for FPR and stratified 760 patients into high and low FPR
groups. Subsequent examination revealed notable distinctions in baseline characteristics between these groups. For instance, Patients
with higher FPR tend to be older and have more lymph node metastasis. Statistical analysis through the chi-square test confirmed the
significance of these differences (P < 0.05). In addition, the results of the multivariate Cox proportional hazards regression analysis
indicate that the factors related to OS were age (P = 0.001), T stage (P < 0.001), N stage (P < 0.001), radical resection (P < 0.001), and
FPR (P < 0.024). The nomogram is composed of the above five variables. ROC analysis showed that the area under the curve (AUC)
of the nomogram was 0.859 (95% CI: 0.831-0.887), and the sensitivity and specificity were 77.4% and 82.1%, respectively.
Conclusion: FPR is a potential marker in patients with resectable gastric cancer. The nomogram based on FPR shows good predictive
ability, which is helpful for clinicians to judge the prognosis of patients and choose targeted treatment strategies.
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Introduction
Gastric cancer is one of the types of cancer with the highest morbidity and mortality in the world. Although with the
improvement of medical standards and the improvement of people’s living conditions, the incidence and mortality of
gastric cancer have decreased, the prognosis of patients with gastric cancer is still not optimistic, and there is a tendency
to be younger.'? The treatment of patients with gastric cancer is still comprehensive, based on surgery and supplemented
by chemotherapy and immunotherapy.” However, due to the different physical conditions and severity of the disease,
different treatment strategies may be needed. Therefore, it is a meaningful work to find an easily available preoperative
prognostic factor so as to provide a reference for doctors when making treatment plans for patients with gastric cancer.
Inflammatory cells participate in the formation of the tumor microenvironment and play a significant role in the
occurrence and development of tumor.* Some studies have found that inflammation scores composed of more than two
types of inflammatory cells are independent prognostic factors for a variety of cancers.””’ In addition, as a soluble plasma
glycoprotein synthesized by the liver, fibrinogen plays an important role in blood coagulation and inflammation and is
considered to be closely related to the biological behavior of tumors. High levels of fibrinogen may lead to a poor
prognosis for patients.®” For malignant tumors of the digestive system, the nutritional status of patients is very important
to their prognosis. To some extent, the levels of albumin(ALB) and prealbumin(PALB) reflect the nutritional status of the
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patient. Some studies have shown that patients with lower ALB or PALB may have a shorter survival time.'®!'!

According to previous studies, FPR is significantly associated with the prognosis of patients with a variety of cancers,
and a high FPR suggests a shorter survival time for patients.'*'? For gastric cancer, researchers have come to different
conclusions. Tang et al believe that FPR is an independent prognostic risk factor for patients with gastric cancer.'®
However, Zhang et al found that the correlation between FPR and OS in patients with gastric cancer was not
significant.'> Therefore, whether FPR can accurately predict the prognosis of patients with gastric cancer is still
a controversial issue.

Therefore, the purpose of this study is to explore whether there is a significant correlation between preoperative FPR
levels and prognosis in patients with gastric cancer through overall and subgroup analysis and to analyze the relationship
between FPR and different clinicopathological features. In addition, we established a FPR-based nomogram to predict the
five-year overall survival time (OS) of patients with resectable gastric cancer.

Method

Patients
This study included 760 patients with gastric cancer who were treated in the cancer hospital affiliated with Harbin
Medical University from January 2016 to December 2016. The diagnosis of the patient is based on the tissue samples
obtained during gastroscopy, and the postoperative pathological tissue is examined by the pathologist to confirm the
diagnosis.

The exclusion criteria were as follows: (1) patients who received neoadjuvant chemotherapy or conversion therapy
before the operation. (2) patients who have not received a radical operation. (3) Distant metastases occur in cancer. (4)
Intravascular coagulation. (5) hematological malignant tumor. (6) The patient suffers from a chronic disease. (7) Patients
with incomplete follow-up information.

Data Extraction

A total of 13 indicators were collected for analysis. It includes sex, age, pT stage, pN stage, pTNM stage, Borrmann
classification, lymph node metastasis (LNM), radical resection (RO, R1, R2), and five immune nutrition markers.
Specifically, it includes the FPR, the ratio of fibrinogen to albumin (FAR), the ratio of neutrophils to lymphocytes
(NLR), the prognostic nutritional index (PNI = albumin + 5 * lymphocytes), and the ratio of lactate dehydrogenase to
lymphocytes (LLR).The hematological samples of the patients were collected within one week before the operation. RO
resection is defined as complete resection of the tumor, and the microsurgical margin is negative. R1 resection is defined
as the presence of tumor residue at the incisal margin under the microscope. R2 resection is defined as tumor residue
visible to the naked eye. The pTNM staging was in accordance with the eighth edition of the American Joint Commission
on Cancer (AJCC).

Follow-Up
Patients were followed up every 3—6 months by telephone or email until they had been followed up for five years. The
last follow-up date is January 1, 2022.

Statistical Analysis

OS is defined as the period from the date of the operation to the patient’s death for any reason. The classification
variables are expressed as frequency and percentage, and the differences are obtained by the chi-square test.
Continuous variables are described as medians and quartiles. The subject’s working characteristic curve is used to
evaluate the predictive performance of the feature. The most approximate index was used to determine the cutoff value
of the inflammation index. The logarithmic rank test and Kaplan-Meier method were used to analyze the survival
curve. The independent prognostic factors of patients with gastric cancer were determined by univariate and multi-
variate analysis of the Cox proportional hazard model, and then the hazard ratio (HR) and 95% confidence interval
(CI) of each variable were evaluated. Use Rstudio’s “SvyNom” and “rms” packages to draw a nomogram. In addition,
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the ROC curves of this study were drawn using MedCalc. All the statistical analysis of this study was carried out
through R software version 4.2.3 and MedCalc software version 20.010. P < 0.05 was considered to be statistically
significant.

Result
Patient Characteristics

The clinicopathological features are shown in Table 1. Most of the patients were male (71.8%), and 369 patients were less than 60
years old (48.6%). According to the eighth edition of the AJCC staging system, the number of patients in stages I, II, and III were
235 (30.9%), 198 (26.1%), and 227 (43.0%), respectively. 675 patients underwent RO resection (88.8%). The optimal cutoff
values for FPR, FAR, NLR, PNI, and LLR are 0.0106, 0.0731, 2.1476,47.25, and 93.7209, respectively. The corresponding AUC

Table | Clinicopathological Features of All GC Patients

n Overall FPR<0.0106 FPR>0.0106 p
760 418 342
Sex (%) 0.048
Male 546 (71.8) 313 (74.9) 233 (68.1)
Female 214 (28.2) 105 (25.1) 109 (31.9)
Age (%) <0.001
<60 369 (48.6) 244 (58.4) 125 (36.5)
260 391 (51.4) 174 (41.6) 217 (63.5)
pT (%) <0.001
Tl 202 (26.6) 167 (40.0) 35 (10.2)
T2 86 (11.3) 63 (I5.1) 23 (6.7)
T3 301 (39.6) 136 (32.5) 165 (48.2)
T4a 59 (7.8) 25 (6.0) 34 (9.9)
T4b 112 (14.7) 27 (6.5) 85 (24.9)
pN (%) <0.001
NO 318 (41.8) 221 (52.9) 97 (28.4)
NI 136 (17.9) 74 (17.7) 62 (18.1)
N2 131 (17.2) 64 (15.3) 67 (19.6)
N3a 118 (15.5) 43 (10.3) 75 (21.9)
N3b 57 (7.5) 16 (3.8) 41 (12.0)
pTNM (%) <0.001
| 235 (30.9) 190 (45.5) 45 (13.2)
1l 198 (26.1) 115 (27.5) 83 (24.3)
1] 327 (43.0) 113 (27.0) 214 (62.6)
Borrmann type (%) <0.001
0 103 (13.6) 84 (20.1) 19 (5.6)
| 22 (2.9) 17 (4.1) 5(1.5)
1l 184 (24.2) 86 (20.6) 98 (28.7)
1] 401 (52.8) 209 (50.0) 192 (56.1)
v 32 (42) 14 (3.3) 18 (5.3)
\ 18 (2.4) 8(1.9) 10 (2.9)
LNM (median [IQR]) 1.00 [0.00, 6.00] | 0.00 [0.00, 3.00] 3.00 [0.00, 9.00] <0.001
Radical resection (%) <0.001
RO 675 (88.8) 401 (95.9) 274 (80.1)
R1 51 (6.7) 12 (2.9) 39 (11.4)
R2 34 (4.5) 5(1.2) 29 (8.5)
NLR (%) <0.001
<2.1476 492 (64.7) 315 (75.4) 177 (51.8)
(Continued)
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Table | (Continued).

n Overall FPR<0.0106 FPR>0.0106 P
760 418 342

>2.1476 268 (35.3) 103 (24.6) 165 (48.2)

PNI (%) <0.001
<47.25 183 (24.1) 46 (11.0) 137 (40.1)

>47.25 577 (75.9) 372 (89.0) 205 (59.9)

LLR (%) <0.001
<93.7209 511 (67.2) 306 (73.2) 205 (59.9)

>93.7209 249 (32.8) 112 (26.8) 137 (40.1)

FAR (%) <0.001
<0.0731 439 (57.8) 360 (86.1) 79 (23.1)

>0.0731 321 (42.2) 58 (13.9) 263 (76.9)

Notes: Variables are expressed as median and quartiles or n (%). In cases where the p-value is less than 0.05, it will be
annotated in bold.
Abbreviations: LNM, lymph node metastasis; FPR, the ratio of fibrinogen to prealbumin; NLR, the ratio of neutrophils
to lymphocytes; PNI, albumin + 5 * lymphocytes; LLR, the ratio of lactate dehydrogenase to lymphocytes; FAR, the ratio

of fibrinogen to albumin.

are 0.688 (95% CI: 0.654-0.721), 0.636 (95% CI: 0.601-0.671), 0.578 (95% CI: 0.542-0.613), 0.590 (95% CI: 0.554-0.626),
and 0.563 (95% CI: 0.527-0.598) (Figure 1). According to the cutoff level of FPR, patients were divided into two groups (FPR >
0.0106 and FPR <0.0106). As shown in Table 1, there are notable distinctions in baseline characteristics between high FPR group
and low FPR group. The five-year survival rate of the low FPR group was 76.1%, and the average survival time was 52.1994
months (95% CI: 50.741-53.647). The five-year survival rate of the high FPR group was 47.7%, and the average survival time

was 39.270 months (95% CI: 36.942-41.597, Figure 2).

Univariate and Multivariate Cox Regression Analysis for OS
This study utilized univariate and multivariate Cox proportional hazards regression analyses to evaluate the prognosis of

resectable gastric cancer patients. Death was defined as the endpoint for both univariate and multivariate Cox propor-

tional hazards regression analyses. The calculation commenced from the date of surgical treatment, and if a patient
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Figure | ROC curve analysis of different inflammatory indexes with OS as the outcome.
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5-year Overall Survival

FPR

Figure 2 Kaplan meier survival curve of FPR.
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experienced mortality within the subsequent five years, it was recorded as an endpoint event (death). Univariate Cox

regression analysis showed that the characteristics included in this study, except gender, were significantly correlated

with the prognosis of patients (P < 0.001). However, multivariate Cox regression analysis showed that the factors
associated with OS were age (P < 0.01), T stage (P < 0.001), N stage (P < 0.001), radical resection (P < 0.001), and FPR

(0.024, Table 2).

Table 2 Univariate and Multivariate Analysis for OS

Characteristics Total(N) Univariate Analysis Multivariate Analysis

Hazard Ratio (95% CI) P value Hazard Ratio (95% CI) P value
Sex 760 0.731
Male 546 Reference
Female 214 1.047 (0.807-1.357) 0.731
Age 760 < 0.001
<60 369 Reference Reference
260 391 1.622 (1.275-2.063) < 0.001 I.551 (1.197-2.011) 0.001
pT 760 <0.001
TI 202 Reference Reference
T2 86 1.267 (0.565-2.843) 0.565 1.899 (0.638-5.651) 0.249
T3 301 7.185 (4.341-11.894) < 0.001 8.204 (2.402-28.024) 0.001
T4a 59 9.951 (5.586-17.726) < 0.001 8.404 (2.283-30.942) 0.001
T4b 112 14.745 (8.714-24.950) < 0.001 11.332 (3.080-41.696) <0.001
pN 760 <0.001

(Continued)
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Table 2 (Continued).

Characteristics Total(N) Univariate Analysis Multivariate Analysis
Hazard Ratio (95% CI) P value Hazard Ratio (95% CI) P value

NO 318 Reference Reference
NI 136 3.157 (2.022-4.928) < 0.001 2.395 (1.432—4.006) 0.001
N2 131 6.284 (4.193-9.416) < 0.001 5.091 (2.581-10.044) < 0.001
N3a 118 10.251 (6.920-15.186) < 0.001 7.332 (3.560-15.097) < 0.001
N3b 57 18.089 (11.729-27.898) < 0.001 8.606 (3.201-23.136) < 0.001
pTNM 760 < 0.001
I 235 Reference Reference
Il 198 3.037 (1.776-5.192) < 0.001 0.455 (0.151-1.378) 0.164
11l 327 13.219 (8.260-21.157) < 0.001 0.344 (0.084-1.415) 0.139
Borrmann type 760 < 0.001
0 103 Reference Reference
| 22 4.974 (2.061-12.005) < 0.001 0.955 (0.293-3.112) 0.939
Il 184 3.508 (1.844-6.672) < 0.001 0.393 (0.138-1.117) 0.080
11l 401 4.710 (2.557-8.675) < 0.001 0.477 (0.173-1.314) 0.152
v 32 13.614 (6.658-27.841) < 0.001 0.915 (0.306-2.742) 0.874
Vv 18 12.165 (5.362-27.597) < 0.001 0.565 (0.170-1.871) 0.350
LNM 760 1.069 (1.060-1.078) < 0.001 1.001 (0.973-1.029) 0.963
Radical resection 760 < 0.001
RO 675 Reference Reference
R1 51 3.941 (2.785-5.578) < 0.001 1.438 (0.960-2.154) 0.078
R2 34 8.062 (5.522—-11.771) < 0.001 3.416 (2.235-5.219) < 0.001
FPR 760 < 0.001
< 418 Reference Reference

342 2.851 (2.231-3.644) < 0.001 1.461 (1.050-2.032) 0.024
FAR 760 < 0.001
< 439 Reference Reference
| 321 2.156 (1.702-2.732) < 0.001 0.920 (0.679—1.246) 0.588
LLR 760 < 0.001
< 511 Reference Reference

249 1.602 (1.261-2.035) < 0.001 1.044 (0.795-1.371) 0.758
NLR 760 < 0.001
< 492 Reference Reference

268 1.678 (1.325-2.126) < 0.001 1.169 (0.888-1.538) 0.266
PNI 760 < 0.001
< 183 Reference Reference

577 0.486 (0.380-0.623) < 0.001 1.090 (0.798-1.488) 0.588

Notes: In cases where the p-value is less than 0.05, it will be annotated in bold.
Abbreviations: Cl, confidence interval; LNM, lymph node metastasis; FPR, the ratio of fibrinogen to prealbumin; NLR, the ratio of neutrophils to
lymphocytes; PNI, albumin + 5 * lymphocytes; LLR, the ratio of lactate dehydrogenase to lymphocytes; FAR, the ratio of fibrinogen to albumin.

Subgroup Analysis of the Predictive Value of FPR for OS

In order to further evaluate the prognostic significance of FPR in patients with gastric cancer, patients were divided into
10 subgroups according to age, sex, radical resection, pTNM stage, and other pathological features. Univariate Cox
regression analysis was performed on 13 indexes collected in each subgroup. If a feature is proved to be related to the
prognosis of patients by univariate Cox regression analysis. They will be involved in multivariate Cox regression
analysis. The detailed results of univariate and multivariate Cox proportional hazard regression analysis in each subgroup
are shown in Tables S1-S9. Through multivariate COX proportional hazard regression analysis, the performance of FPR
in each subgroup is shown in Table 3. We found that the prognostic significance of FPR was significant in 5 subgroups:
patients under 60 years old (P=0.031, HR=1.59, 95% CI: 1.04-2.44), female patients (P=0.0387, HR=2.02, 95% CI:
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Table 3 Subgroup Analysis of the Prognostic of FPR for OS

Variables FPR<0.01061 FPR>0.0106 HR (95% CI) P
Deaths/Patients | Deaths/Patients

Age

>60 50/244 59/125 1.12 (0.64-1.97) 0.685

<60 50/174 120/217 1.59 (1.04-2.44) 0.031

Sex

Male 80/313 119/233 1.39 (0.92-2.10) 0.115

Female 20/105 60/109 2.02 (1.04-3.92) 0.039

Radical Resection

RO 84/401 125/274 1.50 (1.04-2.18) 0.031

RI 11/12 27/39 / /

R2 5/5 27/29 / /

pTNM

| 15/190 4/45 / /

I 18/115 27/83 1.99 (1.06-3.73) 0.033

1] 67/113 148/214 1.50 (1.09-2.06) 0.013

Notes: According to the patient ‘s age, gender, radical resection, and pTNM, all patients were assigned to 10
subgroups. In cases where the p-value is less than 0.05, it will be annotated in bold.
Abbreviations: HR, hazard ratio; Cl, confidence interval; FPR, the ratio of fibrinogen to prealbumin.

1.04-3.92), RO resection group (P=0.0308, HR=1.5, 95% CI: 1.04-2.18), stage II patients group (P=0.0328, HR=1.99,
95% CI: 1.06-3.73), and stage III patient group (p=0.0128, HR=1.5, 95% CI: 1.09-2.06). In other subgroups, such as the
male patients and the patients over 60 years old, FPR is not an independent risk factor for the patients. Although
univariate Cox proportional hazards regression analysis has demonstrated a significant correlation between FPR and OS
in these subgroups. The possible reason for this result could be that compared to other more meaningful characteristics,
FPR has a weaker predictive power for OS in these subgroups. However, when considering all subgroups together, FPR
holds significant importance for the prognosis of patients with resectable gastric cancer and is a potential prognostic
biomarker. In addition, because none of the variables in the R1 resection group passed the univariate Cox regression

analysis (P < 0.05), we only obtained the Cox regression analysis results for nine subgroups.

Predictive Nomogram for OS

Based on the results of multivariate Cox regression analysis, we used age, T stage, N stage, radical resection, FPR, and
other five variables to develop a nomogram to predict the five-year survival rate of patients (Figure 3A). The total points
of each patient was calculated according to the results of the nomogram and analyzed by ROC. The results showed that
the AUC of the nomogram was 0.859 (95% CI: 0.831-0.887), and the sensitivity and specificity were 77.4% and 82.1%,
respectively (Figure 3B). According to the best cutoff value obtained by ROC curve analysis, the patients were divided
into a high-risk group (total points > 141) and a low-risk group (total points <141). The results of the Kaplan-Meier
survival curve showed that the survival time of patients in the high-risk group was relatively short (P < 0.0001,
Figure 3C). According to Table 2, our analysis reveals that, in comparison to age and FPR, T stage, N stage, and radical
resection exhibit smaller P values and larger HR in the results of the multivariate Cox proportional hazards regression
analysis. Consequently, we designate these three variables as the most significantly associated with OS. Subsequently, we
used these three variables and the total points from the nomogram to construct a forest map with a 5-year mortality rate
as the outcome. The forest map results showed that after adjusting the three most significant factors in multivariate Cox
regression analysis, the total points based on the nomogram was still an independent prognostic factor for patients
(Figure 3D).
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Figure 3 The nomogram for predicting OS of patients and the evaluation of the predictive ability of the model. (A) Nomogram predicting 5-year survival. (B) ROC analysis
of nomogram predicting 5-year mortality rate. (C) Kaplan-meier survival curve of total points derived from the nomogram. (D) The forest map with a 5-year mortality rate

as the outcome. *** represents p < 0.001.

Discussion
In recent years, the link between cancer and inflammation has attracted more and more researchers’ attention. When

cancer occurs, cancer cells tend to migrate from the primary tumor to the blood circulation, and natural killer (NK) cells
kill them in the process of tumor cell circulation. Therefore, the level of NK cells in patients can reflect the immune
status and prognosis of the human body to a certain extent.'®!” Fibrinogen is an acute-phase protein. When there is
a malignant tumor or systemic inflammatory reaction in the human body, the IL-6 synthesis pathway is activated, which
increases the release of fibrinogen, and the level of fibrinogen in the blood will show an increasing trend.'® Previous
studies have shown that tumor cells can induce platelet aggregation and form thrombin, which promotes fibrinogen to
gather around tumor cells to form a dense fibrin layer, which makes tumor cells escape the killing effect of NK cells."”
Some researchers have also found that when the level of fibrinogen in cancer patients increases, the expression of
vimentin (a mesenchymal marker) increases while the expression of E-cadherin (an epithelial cell marker) decreases, thus
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promoting tumor progression.”’ The nutritional status of malignant tumors is also significantly related to the prognosis of
patients.'*? Although ALB is more often used to evaluate the nutritional status of patients, in fact, the half-life of PALB
is shorter and is a more sensitive indicator of nutritional status.>® In addition, it has been reported that PALB is an acute-
phase negative protein, which is often reduced when inflammation occurs in the human body.** Therefore, FPR is
a simple and potential prognostic marker, and it is necessary to explore its correlation with the prognosis of patients with
gastric cancer.

In this study, we demonstrated that FPR is an independent prognostic factor for patients with resectable gastric cancer.
Through ROC analysis, when predicting the prognosis of patients with gastric cancer, the AUC of FPR was 0.688, which
was higher than the other four inflammation scores. The AUC of the FPR-based nomogram is 0.859. Furthermore,
through subgroup analysis, we identified that FPR holds significant prognostic relevance for resectable gastric cancer
patients in the majority of subgroups. These subgroups include: patients under 60 years old, female patients group, RO
resection group, stage II patients group, and stage III patient group.

Previous Mate analysis pointed out that FPR has a high prognostic value for malignant tumors of the digestive
system.”> Xie et al found that FPR is an independent prognostic factor for resectable colorectal cancer.”® In addition,
similar conclusions have been drawn in digestive system tumors such as gastric cancer, pancreatic cancer, esophageal
cancer, and so on: the prognosis of patients tends to become worse with the increase of FPR.'**"*® Some researchers
believe that the combined score of FPR and PNI can predict the prognosis of elderly patients with gastric cancer, but FPR
is not an independent prognostic factor for elderly patients with gastric cancer, which is different from our results.'
Additionally, in the subgroup analysis, we employed univariate and multivariate Cox analyses to mitigate the influence of
confounding factors, delving deeper into the significance of FPR in predicting prognosis across different subsets of
gastric cancer patients. We also found that FPR seems to have a high prognostic value for female patients. Then we
conducted a ROC analysis of female patients, and the results showed that the AUC of FPR reached 0.731 (Figure 4). This
may be a novel and meaningful discovery, but large-scale prospective experimental studies are needed to verify our
results and explore the possible mechanism behind this phenomenon. In addition, we use five features, including FPR, to
establish a nomogram, and the results show good accuracy, which can provide a reference for clinicians to judge the

prognosis of patients and formulate treatment strategies.
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Figure 4 ROC curve analysis of the FPR in female patients with gastric cancer.
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It must be admitted that this study still has some limitations. First of all, this is a retrospective study, and the subjects are
from the same center, which will inevitably increase the risk of selection bias. Secondly, our sample size is small. In addition,
different patients receive different postoperative treatment options, which may affect our research results. Therefore, large
prospective randomized controlled trials are needed to address these limitations and test the accuracy of our findings.

Conclusion

FPR is a potential marker for resectable gastric cancer and has high prognostic value, especially in gastric cancer patients
under 60 years old and female patients. The nomogram based on FPR shows good predictive ability, which is helpful for
clinicians to judge the prognosis of patients and choose targeted treatment strategies.
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