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Preoperative plasma fibrinogen
and C-reactive protein/albumin
ratio as prognostic biomarkers
for pancreatic carcinoma
Xiaopeng Chen1†, Zhaohui Chen2†, Jianyang Guo1,
Zhe Xiu1 and Huangxiang Chen1*

1Department of Hepatobiliary Surgery, The Second Hospital of Longyan, Longyan, China,
2Department of the 9th Affiliated Hospital of Xi'an Jiaotong University, Xian, China
Objective: Pancreatic carcinoma is characterised by high aggressiveness and a

bleak prognosis; optimising related treatment decisions depends on the availability

of reliable prognostic markers. This study was designed to compare various blood

biomarkers, such as neutrophil/lymphocyte ratio (NLR), lymphocyte/monocyte

ratio (LMR), platelet/lymphocyte ratio (PLR), C-reactive protein (CRP), albumin

(Alb), plasma fibrinogen (PF), and CRP/Alb in patients with pancreatic carcinoma.

Methods: Our study retrospectively reviewed 250 patients with pancreatic

carcinoma diagnosed between July 2007 and December 2018. The Cutoff

Finder application was used to calculate the optimal values of CRP/Alb and PF.

The Chi-square test or Fisher’s exact test was used to analyse the correlation of

CRP/Alb and PF with other clinicopathological factors. Conducting univariate and

multivariate analyses allowed further survival analysis of these prognostic factors.

Results:Multivariate analysis revealed that, in a cohort of 232 patients with pancreatic

ductal adenocarcinoma (PDAC), the PF level exhibited statistical significance for overall

survival (hazard ratio (HR) = 0.464; p=0.023); however, this correlationwas not found

in the entire group of 250 patients with pancreatic carcinoma. Contrastingly, the CRP/

Alb ratio was demonstrated statistical significance in both the entire pancreatic

carcinoma cohort (HR = 0.471; p = 0.026) and the PDAC subgroup (HR = 0.484;

p = 0.034). CRP/Alb and PF demonstrated a positive association (r=0.489, p<0.001) as

indicated by Spearman’s rank correlation analysis. Additionally, in 232 PDAC patients,

the combination of theCRP/Alb ratio and PF had synergistic effects on prognosiswhen

compared with either the CRP/Alb ratio or the PF concentration alone.

Conclusion: PF concentration is a convenient, rapid, and noninvasive biomarker,

and its combination with the CRP/Alb ratio could significantly enhance the

accuracy of prognosis prediction in pancreatic carcinoma patients, especially

those with the most common histological subtype of PDAC.
KEYWORDS
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1 Introduction

Pancreatic carcinoma (PC) is a malignant tumour arising from

pancreatic cells. The pancreas is an abdominal glandular organ

essential for food digestion and blood sugar level regulation (1, 2). It

accounts for 216,000 new cancer cases each year, resulting in more

than 200,000 annual deaths worldwide (3, 4). Pancreatic carcinoma

is a highly aggressive form of cancer and is typically diagnosed in

advanced stages when the tumour has already spread to other

organs. Pancreatic ductal adenocarcinoma (PDAC), the most

prevalent form of pancreatic carcinoma, constitutes nearly 95% of

all pancreatic carcinoma cases (5). Symptoms of pancreatic

carcinoma include abdominal pain, unexplained weight loss,

appetite loss, nausea, vomiting, jaundice, and alterations in stool

colour. Therapeutic approaches for pancreatic carcinoma may

include surgical intervention, chemotherapy, radiation therapy, or

a combination thereof, with selection dependent on factors such as

tumour stage, location, and overall health (6). While these

treatments have significantly enhanced the survival prospects for

individuals with pancreatic carcinoma over the past few years, the

survival status of patients in this situation continues to be grim, with

a five-year survival rate typically falling below 10% (7).

The role of several prognostic indicators, such as the C-reactive

protein/albumin (CRP/Alb) ratio and neutrophil/lymphocyte ratio

(NLR), in the occurrence and development of pancreatic carcinoma

has been confirmed (8, 9). Nevertheless, thus far, most of these

markers have not been used in the general clinical setting due to a

lack of therapeutic effectiveness in pancreatic carcinoma patients.

Therefore, identifying novel reliable biomarkers for the application

of prognostic factors in pancreatic carcinoma is essential, especially

for enhanced risk stratification and more individualised clinical

treatment (10).

The potential usefulness of the CRP/Alb as a biomarker has

been highlighted in various tumours, such as digestive system

tumours and gynaecological carcinomas (11–13). However, the

potential of the preoperative CRP/Alb to function as a prognostic

indicator in individuals with pancreatic carcinoma and whether its

prognostic efficacy surpasses that of other inflammatory prognostic

factors are unclear.

Previous studies have suggested that various indicators from the

coagulation/fibrinolysis system, especially plasma fibrinogen (PF)

and D-dimer levels, are abnormal in cancer patients (14–16). PF is a

340-kDa plasma glycoprotein that is key in the maintenance of

haemostasis and participates in both inflammatory mechanisms

and tumorigenesis (17). Numerous studies have confirmed that an

increase in PF may promote the occurrence and development of

various tumours (18–20). However, research examining its

prognostic relevance in pancreatic carcinoma is limited.

Hence, our objective was to assess the ability of PF to predict

oncological outcomes in pancreatic carcinoma patients in

comparison to other inflammation-related metrics (albumin,

CRP, and CRP/Alb) as well as cellular indicators (the NLR,

lymphocyte/monocyte ratio (LMR), and platelet/lymphocyte

ratio (PLR).
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2 Methods

2.1 Patients

Between July 1, 2007, and December 1, 2018, 297 patient

samples were newly diagnosed as showing pancreatic carcinoma

at Longyan Second People’s Hospital and the 9th Affiliated Hospital

of Xi’an Jiaotong University. The Medical Ethics Committee of the

Second People’s Hospital of Longyan City has conducted a

thorough review of medical records for all patients and approved

their usage. The inclusion criteria were summarised as follows: (1)

Chinese individuals who underwent radical surgery for primary

pancreatic carcinoma and axillary lymph node dissection and (2)

who had adequate and useful clinical data in their medical records.

Among the exclusion criteria were the following: 1) patients with

concurrent liver diseases, autoimmune diseases or coagulopathies

requiring anticoagulants (n =15); 2) patients who had distant

metastases or other malignancies at the time of diagnosis (n = 9);

3) patients receiving corticosteroids, oral contraceptives or

hormone replacement therapy (n = 7); 4) patients who had

received neoadjuvant therapy within 3 months (n = 8); and 5)

patients with insufficient or invalid medical clinical data (n = 8).

Ultimately, following application of the inclusion and exclusion

criteria, a retrospective study was conducted involving 250 patients

diagnosed with pancreatic carcinoma.

The clinical information gathered from the patient medical

records included age, size, histological subtype, grade, lymph node

metastasis (LNM) involvement, chemoradiotherapy data,

neoadjuvant therapy data, and outcome data. Histopathological

examination by two different pathologists confirmed the diagnosis

of pancreatic carcinoma in all the samples. The PDAC patients

included in the study were all pathologically confirmed and staged

according to the 8th edition of the UICC TNM classification.

Pancreatic carcinoma patients underwent regular monitoring

through telephone check-ins or postoperative appointments.

Overall survival (OS) was characterised as the duration from the

surgical procedure to the most recent follow-up visit, which was

conducted on December 1, 2023, or deceased due to various

reasons. The median duration of follow-up was 38 months, with a

range spanning from 2 to 97 months.
2.2 Blood collection and assay methods

The plasma fibrinogen and CRP/Alb concentrations were

measured in peripheral venous blood samples collected before

breakfast less than 7 days before the start of surgery. Plasma was

collected in a 5 ml blood collection tube and processed within 24

hours to measure the plasma coagulation parameters. The plasma

fibrinogen levels were measured using the clotting method of

Clauss. Using an automatic biochemical analyser (Hitachi 7600,

Tokyo, Japan), we measured the CRP and albumin levels. With

respect to all pancreatic carcinoma specimens, we used the ACL

TOP system (Instrumentation Laboratory, Milan, Italy) to measure
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the plasma fibrinogen concentration. Data on white blood cells,

neutrophils, lymphocytes, and platelet counts were collected with

an automated haematology system (Sysmex XE-5000, Kobe, Japan).
2.3 Optimal prognostic cutoff values for
inflammatory parameters

The determination of the optimal cutoff value followed the

approach described by Gui et al. in 2021, utilising the minimum p

value method (21). According to the prognostic scoring system, the

optimal cutoff value for preoperative PF was 3.28 g/L, and for the

CRP/Alb ratio, it was 0.18 (Supplementary Figure 1). The

corresponding areas under the ROC curve for PF and the CRP/

Alb ratio, representing their maximum values, were 0.679 and

0.803, respectively. The samples that were incorporated were split

into two categories, where the low-level group comprised values

below the optimal cutoff threshold and the high-level group

consisted of values surpassing the optimal cutoff threshold.

Out of the 250 patients, the median PF was 3.53 g/L, and the

mean PF was 3.31 g/L. These 250 patients were stratified into

different groups based on their NLR, LMR, PLR, CRP, and albumin

levels utilising the optimised cutoff values obtained from receiver

operating characteristic (ROC) curve analysis; these cutoff values

were defined as >3.10 mg/L, <3.06 mg/L, >128 mg/L, >5.1 mg/L,

and <3.2 g/dL, respectively, to predict OS.
2.4 Statistical analysis

The software used for statistical analysis was SPSS 26.0 (IBM,

Armonk, NY, USA). ROC curves were generated to predict 5-year OS

and identify the optimal cutoff threshold for coagulation parameters,

leading to the use of binary variables as treatment variables. The Chi-

square test was applied to analyse the correlations between PF and the

CRP/Alb ratio and clinicopathological parameters. The Kaplan

−Meier method was used to construct survival curves, and

comparisons were conducted using the log-rank test. To evaluate

the difference in OS between the high-PF and CRP/Alb groups and

between the low-PF and CRP/Alb ratio groups, univariate and

multivariate Cox proportional hazards models were employed.

Values where p < 0.05 were regarded as statistically significant.
3 Results

3.1 Patients’ features

From July 2007 to December 2018, 250 patients with pancreatic

carcinoma who satisfied all the inclusion criteria were selected (Table 1).

The median age at diagnosis was 53.6 years, (ranging, 29-81 years), and

consisted of 145 males and 105 females. The 5-year OS rate among the

250 pancreatic carcinoma patients reached 15.8%. Overall, 104 patients

exhibited good-to-moderate tumour differentiation, while 146 patients

exhibited poor tumour differentiation. According to the 8th edition of the

UICC, there were 62 patients with TNM stage T1 tumours and 50
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patients with T2 tumours. T3 stage disease exhibited the highest

incidence (80 cases), followed by the T4 stage (58 cases). One hundred

and four patients (41.6%) had tumours < 2 cm, and 146 (58.4%) patients

had tumours ≥ 2 cm. Out of a total of 250 patients, 149 had lymph node

metastasis, while 101 did not. Detailed information regarding the

treatment attributes, clinical profiles, and histopathological features of

these patients is available in Table 1.
3.2 High PF and CRP/Alb and OS in
pancreatic carcinoma patients

To assess the prognostic importance of PF and other prognostic

parameters, we constructed a Cox proportional hazard regression

model for both the pancreatic carcinoma subgroup and the PDAC

subgroup. Within the univariate analysis of OS in the 250 patients,

differences in several variables, including tumour differentiation

(HR = 1.808; p <0.001), LNM (HR = 2.209; p < 0.001), clinical T

stage (HR = 2.615; p < 0.001), PF (HR = 2.384; p < 0.001), NLR

(HR = 1.384; p = 0.046), CRP (HR = 1.385; p = 0.043), and CRP/Alb

(HR = 2.318; p < 0.001), exhibited statistical significance (Table 1).

However, in the subgroup consisting of 232 PDAC samples, there

was no significant difference in CRP levels (p = 0.914) (Table 2).

After adjustments for confounding variables, multivariate

analysis revealed that in the entire cohort of 250 patients, CRP/

Alb (HR = 0.471; p = 0.026), tumour differentiation (HR = 1.745; p

<0.001), clinical T stage (HR = 1.513; p = 0.023), LNM (HR = 1.459;

p = 0.042), and the combination of PF + CRP/Alb (HR = 8.034; p <

0.001) were independent factors significantly linked to OS.

Moreover, among the subset of 232 PDAC patients, the

independent prognostic factors for OS were CRP/Alb (HR =

0.484; p = 0.034), PF (HR = 0.464; p = 0.023), clinical T stage

(HR = 1.510; p = 0.032), LNM (HR = 1.483; p = 0.047), and the

combined variable PF + CRP/Alb (HR = 8.652; p < 0.001).

We utilised Kaplan−Meier survival curves based on the PF

(Figures 1A, D) and CRP/Alb (Figures 1B, E), and they showed that

increased levels of these markers were associated with decreased OS in

both the entire group of pancreatic carcinoma patients and specifically

in those diagnosed with PDAC. Thus, the patient population was

categorised into the following groups: those with elevated and reduced

CRP/Alb ratios and those with high and low levels of PF. The five-year

OS of patients in the PF level increased group was 12.2%, and that of

patients in the PF level decreased group was 17.9%. The five-year OS

of patients in the CRP/Alb-increased cohort was 13.6%, and that of

patients in the CRP/Alb-decreased cohort was 17.3%.
3.3 Association of CRP/Alb and PF with
clinicopathological features of
pancreatic carcinoma

The correlation between clinicopathologic factors and CRP/Alb

and PF was analysed by the Chi-square test. Among the 250 patients

with pancreatic carcinoma, advanced clinical T stage (p < 0.001),

tumour differentiation (p = 0.023), and LNM (p = 0.005) exhibited

significant correlations with high PF levels (≥ 3.28 g/L); advanced
frontiersin.org
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clinical T stage (p < 0.001), tumour differentiation (p = 0.047), and

LNM (p = 0.002) exhibited significant correlations with high CRP/

Alb levels (≥ 0.18) (Table 3).

Among the 232 patients with PADC, advanced clinical T stage

(p < 0.001), tumour differentiation (p = 0.048), and LNM (p = 0.033)

exhibited significant correlations with high PF levels (≥ 3.28 g/L). In

addition, advanced clinical T stage (p < 0.001), tumour

differentiation (p = 0.024), and LNM (p < 0.001) exhibited

significant correlations with high CRP/Alb levels (≥ 0.18) (Table 4).
Frontiers in Oncology 04
3.4 The prognostic relevance of the CRP/
Alb and PF combined indices in 250
patients with pancreatic carcinoma

We further analysed the link between PF and the CRP/Alb ratio

utilising Spearman’s test (Figure 2). The findings revealed a positive

correlation between the CRP/Alb ratio and PF (r = 0.489, p < 0.001) in

all cases of pancreatic carcinoma. Combining the CRP/Alb ratio with

the PF could enhance patient stratification by OS (Figures 1C, F).
TABLE 1 Univariate and multivariate analyses of characteristics associated with OS in all 250 pancreatic carcinoma patients.

Characteristics Univariate Multivariate

Hazard
Ratio

95%CI P-value Hazard
Ratio

95%CI P-value

Age, years

≥50 vs <50 1.007 0.733-1.382 0.967 0.924 0.665-1.285 0.638

Gender

Male vs Female 0.863 0.635-1.173 0.347 0.846 0.617-1.158 0.296

Clinical T stage

>T2 vs ≤T2 2.615 1.875-3.647 <0.001 1.513 1.059-2.163 0.023

Tumour differentiation

Poorly vs Well/moderately 1.808 1.307-2.501 <0.001 1.745 1.248-2.440 0.001

Tumour size

≥2cm vs <2cm 1.032 0.755-1.410 0.844 0.992 0.721-1.366 0.962

LNM

Yes vs No 2.209 1.564-3.120 <0.001 1.459 1.014-2.100 0.042

PF

≥3.28 g/L vs <3.28 g/L 2.384 1.655-3.434 <0.001 0.568 0.303-1.064 0.078

NLR

≥3.10 vs <3.10 1.384 1.001-1.915 0.046 1.272 0.906-1.786 0.165

LMR

<3.06 vs ≥3.06 1.072 0.785-1.465 0.661 1.055 0.751-1.483 0.757

PLR

≥128 vs <128 1.022 0.750-1.393 0.892 1.096 0.796-1.507 0.575

CRP

≥5.1 mg/L vs <5.1mg/L 1.385 1.010-1.899 0.043 1.354 0.2326-1.859 0.061

Serum albumin

<3.2g/dL vs≥3.2g/dL 1.245 0.913-1.696 0.166 1.093 0.792-1.508 0.587

CRP/Alb

> 0.18 vs ≤ 0.18 2.318 1.625-3.305 <0.001 0.471 0.243-0.914 0.026

PF+ CRP/Alb

PF-high+ CRP/Alb-high vs PF-high or CRP/Alb-high vs PF-
low+ CRP/Alb-low

2.662 1.704-4.160 <0.001 8.034 3.410-18.932 <0.001
P-values that achieved statistical significance (p < 0.05) are indicated in bold. Alb, albumin; CRP, C-reactive protein; LMR, lymphocyte-monocyte ratio; LNM, lymph node metastasis; NLR,
neutrophil-lymphocyte ratio; PF, plasma fibrinogen; PLR, platelet-lymphocyte ratio.
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Consequently, we categorised patients into three cohorts: (I) those with

both low PF and low CRP/Alb, (II) those with either high PF or high

CRP/Alb, and (III) those with both high PF and high CRP/Alb. These

categories aligned with low, moderate, and high-risk cohorts,

respectively. The 5-year OS rates for the 250 patients were 27.8%,

19.5%, and 13.2%, respectively, while for the 232 PDAC patients, the 5-

year OS rates were 27.6%, 18.8%, and 12.9%, respectively. Multivariate

analysis was also conducted, and as outlined in Table 1, it became

evident that patients in both the high-risk and moderate-risk cohorts
Frontiers in Oncology 05
experienced notably worse prognoses than patients in the low-

risk cohorts.
4 Discussion

Pancreatic carcinoma is complex and heterogeneous, leading to

varying rates of recurrence and progression (22). With an enhanced

comprehension of the molecular biology of pancreatic carcinoma,
TABLE 2 Univariate and multivariate analyses of characteristics associated with OS in 232 PDAC patients.

Characteristics Univariate Multivariate

Hazard
Ratio

95%CI P-value Hazard
Ratio

95%CI P-value

Age, years

≥50 vs <50 1.033 0.744-1.436 0.846 0.954 0.674-1.349 0.789

Gender

Male vs Female 0.885 0.644-1.216 0.451 0.877 0.633-1.214 0.429

Clinical T stage

>T2 vs ≤T2 2.664 1.889-3.756 <0.001 1.510 1.036-2.201 0.032

Tumour differentiation

Poorly vs Well/moderately 1.873 1.340-2.619 <0.001 1.796 1.270-2.540 <0.001

Tumour size

≥2cm vs <2cm 1.044 0.755-1.444 0.796 1.078 0.775-1.499 0.655

LNM

Yes vs No 2.417 1.676-3.487 <0.001 1.483 1.005-2.189 0.047

PF

≥3.28 g/L vs <3.28 g/L 2.121 1.462-3.078 <0.001 0.464 0.239-0.899 0.023

NLR

≥3.10 vs <3.10 1.424 1.022-1.2323 0.037 1.388 0.991-1.945 0.057

LMR

<3.06 vs ≥3.06 1.012 0.734-1.396 0.942 0.971 0.683-1.379 0.868

PLR

≥128 vs <128 1.027 0.746-1.414 0.872 1.109 0.799-1.538 0.538

CRP

≥5.1 mg/L vs <5.1 mg/L 1.018 0.737-1.406 0.914 1.093 0.776-1.539 0.613

Serum albumin

<3.5g/dL vs ≥3.5g/dL 1.320 0.956-1.821 0.092 1.137 0.808-1.600 0.462

CRP/Alb

> 0.18 vs ≤ 0.18 2.449 1.694-3.540 <0.001 0.484 0.247-0.946 0.034

PF+ CRP/Alb

PF-high+ CRP/Alb-high vs PF-high or CRP/Alb-high vs PF-
low+ CRP/Alb-low

2.528 1.599-3.996 <0.001 8.652 3.562-21.015 <0.001
P-values that achieved statistical significance (p < 0.05) are indicated in bold. Alb, albumin; CRP, C-reactive protein; LMR, lymphocyte-monocyte ratio; LNM, lymph node metastasis; NLR,
neutrophil-lymphocyte ratio; PF, plasma fibrinogen; PLR, platelet-lymphocyte ratio.
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FIGURE 1

Prognosis value of PF, CRP/Alb in all pancreatic carcinoma and PDAC subgroup patients. The five-year OS rate was determined using the Kaplan–
Meier method and assessed with the log-rank test. Analysing OS outcomes associated with PF concentration, including all pancreatic carcinoma
patients, and the PDAC subgroup (A, D). Analysing OS outcomes associated with PF concentration, including all pancreatic carcinoma patients, and
the PDAC subgroup (B, E). OS analysis involving the combined categorisation based on PF and CRP/Alb for all pancreatic carcinoma patients and the
PDAC group (C, F).
TABLE 3 Clinicopathological features of 250 pancreatic carcinoma patients stratified by PF and CRP/Alb.

Characteristic Total n = 250 (%)
PF CRP/Alb

≥3.28g/L <3.28g/L p-value ≥0.18 <0.18 P-value

Age (years, n (%)

<50 93 65 28 0.551 58 35 0.535

≥50 157 104 53 104 53

Gender, n (%)

Male 145 100 45 0.588 99 46 0.176

Female 105 69 36 63 42

Clinical T stage, n (%)

≤T2 112 61 51 <0.001 58 54 <0.001

>T2 138 108 30 104 34

Tumour differentiation, n (%)

Well/moderately 104 62 42 0.023 60 44 0.047

Poorly 146 107 39 102 44

Tumour size, n (%)

<2cm 104 68 36 0.528 66 38 0.708

≥2cm 146 101 45 96 50

LNM, n (%)

No 101 58 43 0.005 54 47 0.002

Yes 149 111 38 108 41
F
rontiers in Oncology
 06
P-values that achieved statistical significance (p < 0.05) are indicated in bold. Alb, albumin; CRP, C-reactive protein; LNM, lymph node metastasis; PF, plasma fibrinogen.
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TABLE 4 Clinicopathological features of 232 PDAC patients stratified by PF and CRP/Alb.

Characteristic Total n = 232 (%)
PF CRP/Alb

≥3.28g/L <3.28g/L p-value ≥0.18 <0.18 P-value

Age (years, n (%)

<50 86 61 25 0.526 54 32 0.671

≥50 146 232 48 96 50

Gender, n (%)

Male 135 95 40 0.478 92 43 0.211

Female 97 64 33 58 39

Clinical T stage, n (%)

≤T2 106 58 48 <0.001 55 51 <0.001

>T2 126 101 25 95 31

Tumour differentiation, n (%)

Well/moderately 96 59 37 0.048 54 42 0.024

Poorly 136 100 36 96 40

Tumour size, n (%)

<2cm 94 63 31 0.774 59 35 0.675

≥2cm 138 96 42 91 47

LNM, n (%)

No 88 53 35 0.033 44 44 <0.001

Yes 144 106 38 106 38

CRP/Alb

≥0.18 150 113 37 0.003

<0.18 82 46 36
F
rontiers in Oncology
 07
P-values that achieved statistical significance (p < 0.05) are indicated in bold. Alb, albumin; CRP, C-reactive protein; LNM, lymph node metastasis; PF, plasma fibrinogen.
FIGURE 2

The relationship between PF and the CRP/Alb Ratio in 250 Patients diagnosed with pancreatic carcinoma. The preoperative PF displayed a positive
association with the CRP/Alb ratio. (r = 0.489, p < 0.001).
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advancements in the diagnosis and treatment of this invasive

disease have been achieved. Previous conclusive evidence has

shown that the tumour-related inflammatory system is essential

for tumour angiogenesis and tumorigenesis and that two

parameters (fibrinogen and CRP/Alb) of inflammation-based

biomarkers may be associated with the prognosis of pancreatic

carcinoma (23–25). PF and CRP/Alb have been correlated with

clinical outcomes in many types of tumours (20, 26).

The present study demonstrated the following: (1) pancreatic

carcinoma patients with high PF (> 3.28 g/L) and CRP/Alb (> 0.18)

levels had lower survival rates; (2) pancreatic carcinoma patients

with high PF and CRP/Alb levels had higher tumour grades and

clinical stages and were more prone to lymph node metastasis; (3)

the levels of PF and CRP/Alb are unrelated to the age, gender, or

tumour size of pancreatic cancer patients; (4) A noteworthy

association was observed between increased PF levels and higher

CRP/Alb values in individuals diagnosed with pancreatic

carcinoma; (5) The predictive power of PF for OS was specific to

PADC patients and did not extend uniformly to all pancreatic

carcinoma cases; and (6) combining PF and CRP/Alb levels has the

potential to enhance the accuracy of predicting survival outcomes in

pancreatic carcinoma patients. These study results provide unique

insights into individual research findings, with a focus on the

hypothesis that PF and the CRP/Alb ratio are prognostic factors

for pancreatic cancer. We suggest that additional adjuvant therapy

may be beneficial for high-risk patients. While these conclusions

require further validation, the data offer new insights into the

biological invasiveness of pancreatic carcinoma in the

Chinese population.

The prognostic importance of the PF level in pancreatic

carcinoma can be attributed to its underlying biological

mechanisms. As a vital constituent of the coagulation/fibrinolytic

system, fibrinogen is a pivotal acute-phase protein, and its plasma

levels are significantly influenced by inflammation (27–29).

Research has indicated that fibronectin interacts with various

growth factors, such as those involved with its role in suppressing

cell apoptosis and its interaction with members of the PDGF family.

These interactions subsequently lead to tumour cell adhesion, the

production of VEGF, metastasis, and the activation of the FGF

family (30, 31). In addition, cell line models have demonstrated that

fibronectin can induce EMT through the p-AKT/p-mTOR pathway

to promote cancer cell motility (32). Within a research investigation

involving 211 individuals diagnosed with pancreatic carcinoma, Qi

et al. confirmed that the hyperfibrinogen concentration could be a

potential factor for evaluating the accuracy of OS prediction (33). In

addition, a hyperfibrinogen concentration ≥400 mg/dL was found

to be an unfavourable predictor of PFS and OS in patients with

pancreatic carcinoma treated with chemoradiotherapy (34). Based

on these studies, we suggest that the PF concentration in pancreatic

cancer patients can be considered an adverse prognostic marker and

tends to indicate a poor prognosis.

In addition, our univariate analysis demonstrated that among

250 pancreatic cancer patients and even within the subset of 232
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PDAC patients, an elevated NLR was associated with a shorter OS.

This evidence enhances our understanding of the link between

chronic inflammation and survival in individuals with pancreatic

carcinoma. An elevated NLR predicts a more adverse prognosis for

pancreatic carcinoma patients, consistent with the findings of a

survey involving 263 pancreatic carcinoma patients (35). The

potential biological mechanism of the NLR effect stems from the

infiltration of neutrophils and lymphocytes. The chronic

inflammatory response induced by tumour cells further enhances

the infiltration of neutrophils, further promoting tumour

progression through the secretion of interleukin-2 (IL-2), IL-6,

IL-10, tumour necrosis factor-alpha (TNF-a), and vascular

endothelial growth factor (VEGF) (36, 37). VEGF, known for its

role as an oncogene, is acknowledged to enhance cell migration by

increasing vascular permeability. Furthermore, elevated levels of

TNF-a and IL-10 induce a decrease in the number of lymphocytes

and the occurrence of functional impairments (38, 39).

As an acute-phase protein during inflammation, CRP is

induced by and synthesised in the liver through proinflammatory

cytokines. It is considered a predictive factor for systemic infections

(40). Albumin is a circulating protein present in the plasma that is

directly involved in the occurrence of inflammation (41). CRP/Alb

is a combined index of the serum ALB concentration and total CRP

concentration. It was identified as one of the prognostic indicators

for sepsis patients and has subsequently been recognised as a

prognostic indicator for tumours as well (13, 42). For instance,

researchers have shown that, in the assessment of tumour

prognosis, The predictive utility of the CRP/Alb ratio is

comparable to that of the mGPS. The CRP/Alb ratio may exhibit

greater predictive accuracy than the mGPS, possibly due to the

theoretical advantage of better utilising the CRP and Alb levels in

the CRP/Alb ratio (43). Liu et al. reported that the independent

prognostic capability of the CRP/Alb ratio is noteworthy in

individuals with stage III and IV pancreatic carcinoma, but

evidently not in patients with pancreatic cancer clinically staged

as stage I or II (44). The research by Fan et al. substantiated the

CRP/albumin ratio’s role as a tool for predicting survival rates and

gauging the effectiveness of chemotherapy in advanced pancreatic

carcinoma (45). Based on the cutoff value (> 0.18) used, our

research findings indicate that among 250 pancreatic cancer

patients, even within the PADC subgroup, an elevated CRP/Alb

ratio signifies a shorter OS. Therefore, the CRP/Alb ratio

demonstrates promise as an inflammatory marker, bearing

significance for the cl inical prognosis of those with

pancreatic carcinoma.

Considering both PF levels and CRP/Alb ratios together, we

found that patients in the high PF cohort and high CRP/Alb cohort

exhibited the lowest survival time. This observation further

underscores the connection between high CRP/Alb and PF levels

and the inflammatory response in patients with pancreatic

carcinoma that ultimately leads to an unfavourable outcome. Both

CRP and fibrinogen are critical factors that occur during the acute

phase response to inflammation and serve as key acute-phase
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proteins (46, 47). Activation of the coagulation system is widely

acknowledged to be initiated by inflammation, resulting in an

increase in prothrombin and antifibrinolytic factor levels (48, 49).

In contrast, elements within the coagulation system, including

fibrinogen or fibrin, can independently trigger the onset of the

inflammatory process and contribute to the development of

subsequent tissue damage downstream (50). Therefore, fibrinogen

can be considered an important driving factor in the occurrence of

chronic inflammation. Our observation of a robust association

between PF and the CRP/Alb ratio highlights the intricate

interplay between the coagulation/fibrinolytic system and the

inflammatory tumour microenvironment and suggests its

potential to impact patient survival (51, 52).

This research is not without limitations, and the primary

concern is the retrospective design, which brings the potential for

selection bias into consideration. Second, the methods employed to

measure PF and the CRP/Alb ratio were not uniform, leading to

variations in the optimal cutoff values. Third, potential biases may

have arisen from clinical factors, such as ethnicity and age.

In summary, our research suggested that the PF concentration

was an accurate, convenient, inexpensive biomarker for pancreatic

carcinoma, particularly in the case of PDAC patients. The

evaluation of PF and the CRP/Alb ratio may therefore be

informative for deciding surgical strategies. Furthermore, the

combination of the CRP/Alb ratio and the PF could increase the

precision of prognosis prediction in pancreatic carcinoma patients.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
Ethics statement

The studies involving humans were approved by Medical Ethics

Committee of Longyan Second People’s Hospital (LYEYEC 2023-

025). The studies were conducted in accordance with the local

legislation and institutional requirements. The participants

provided their written informed consent to participate in this study.
Frontiers in Oncology 09
Author contributions

XC: Writing – original draft, Writing – review & editing. ZC:

Writing – original draft, Data curation, Formal analysis. JG: Data

curation, Writing – original draft. ZX: Data curation, Formal

analysis, Writing – review & editing. HC: Writing – original draft.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. The author

(s) disclosed receipt of the following financial support for the

research, authorship, and/or publication of this article: This study

was supported by the Longyan Science and Technology Plan

Project (2022LYF17045).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1301059/

full#supplementary-material

SUPPLEMENTARY FIGURE 1

The ROC curves of PF (A) and CRP/Alb (B) for OS in pancreatic
carcinoma patients.
References
1. Collisson EA, Bailey P, Chang DK, Biankin AV. Molecular subtypes of pancreatic
cancer. Nat Rev Gastroenterol Hepatol. (2019) 16:207–20. doi: 10.1038/s41575-019-
0109-y

2. Stoffel EM, Brand RE, Goggins M. Pancreatic cancer: changing epidemiology and
new approaches to risk assessment, early detection, and prevention. Gastroenterology.
(2023) 164:752–65. doi: 10.1053/j.gastro.2023.02.012

3. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA Cancer J
Clin. (2023) 73:17–48. doi: 10.3322/caac.21763

4. Wood LD, Canto MI, Jaffee EM, Simeone DM. Pancreatic cancer: pathogenesis,
screening, diagnosis, and treatment. Gastroenterology. (2022) 163:386–402 e1.
doi: 10.1053/j.gastro.2022.03.056
5. Hu ZI, O’Reilly EM. Therapeutic developments in pancreatic cancer. Nat Rev
Gastroenterol Hepatol. (2024) 21:7–24. doi: 10.1038/s41575-023-00840-w

6. Halbrook CJ, Lyssiotis CA, Pasca di Magliano M, Maitra A. Pancreatic cancer:
Advances and challenges. Cell. (2023) 186:1729–54. doi: 10.1016/j.cell.2023.02.014

7. Kolbeinsson HM, Chandana S, Wright GP, Chung M. Pancreatic cancer: A review
of current treatment and novel therapies. J Invest Surg. (2023) 36:2129884. doi: 10.1080/
08941939.2022.2129884

8. Zhou L, Ma S, Balde AI, Han S, Cai Z, Li Z. A retrospective propensity score
matched study of the preoperative C-reactive protein to albumin ratio and prognosis in
patients with resectable non-metastatic breast cancer. Med Sci Monit. (2019) 25:4342–
52. doi: 10.12659/MSM.913684
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2024.1301059/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1301059/full#supplementary-material
https://doi.org/10.1038/s41575-019-0109-y
https://doi.org/10.1038/s41575-019-0109-y
https://doi.org/10.1053/j.gastro.2023.02.012
https://doi.org/10.3322/caac.21763
https://doi.org/10.1053/j.gastro.2022.03.056
https://doi.org/10.1038/s41575-023-00840-w
https://doi.org/10.1016/j.cell.2023.02.014
https://doi.org/10.1080/08941939.2022.2129884
https://doi.org/10.1080/08941939.2022.2129884
https://doi.org/10.12659/MSM.913684
https://doi.org/10.3389/fonc.2024.1301059
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Chen et al. 10.3389/fonc.2024.1301059
9. Wang Y, Huang G, Li Z. Prognostic significance of inflammatory biomarkers in
patients with breast cancer skeletal metastases. Cancer Manag Res. (2020) 12:11463–75.
doi: 10.2147/CMAR.S277291

10. Cheng Y, Wang K, Geng L, Sun J, Xu W, Liu D, et al. Identification of candidate
diagnostic and prognostic biomarkers for pancreatic carcinoma. EBioMedicine. (2019)
40:382–93. doi: 10.1016/j.ebiom.2019.01.003

11. Liao CK, Yu YL, Lin YC, Hsu YJ, Chern YJ, Chiang JM, et al. Prognostic value of
the C-reactive protein to albumin ratio in colorectal cancer: an updated systematic
review and meta-analysis.World J Surg Oncol. (2021) 19:139. doi: 10.1186/s12957-021-
02253-y

12. Liu Y, Chen S, Zheng C, Ding M, Zhang L, Wang L, et al. The prognostic value of
the preoperative c-reactive protein/albumin ratio in ovarian cancer. BMC Cancer.
(2017) 17:285. doi: 10.1186/s12885-017-3220-x

13. Fang Y, Zheng T, Zhang C. Prognostic role of the C-reactive protein/albumin
ratio in patients with gynecological cancers: A meta-analysis. Front Oncol. (2021)
11:737155. doi: 10.3389/fonc.2021.737155

14. He X, Huang T, Xue Y, Zhang M, Liu Q, Wang Y, et al. Association of
preoperative plasma D-dimmer and fibrinogen and renal cell carcinoma outcome.
J Cancer. (2019) 10:4096–105. doi: 10.7150/jca.31173

15. Li X, Shu K, Zhou J, Yu Q, Cui S, Liu J, et al. Preoperative plasma fibrinogen and
D-dimer as prognostic biomarkers for non-muscle-invasive bladder cancer. Clin
Genitourin Cancer. (2020) 18:11–19 e1. doi: 10.1016/j.clgc.2019.10.025

16. Ohara S, Suda K, Tomizawa K, Takemoto T, Fujino T, Hamada A, et al.
Prognostic value of plasma fibrinogen and D-dimer levels in patients with surgically
resected non-small cell lung cancer. Surg Today. (2020) 50: 1427–33. doi: 10.1007/
s00595-020-02019-1

17. Pieters M, Wolberg AS. Fibrinogen and fibrin: An illustrated review. Res Pract
Thromb Haemost. (2019) 3:161–72. doi: 10.1002/rth2.12191

18. He SS, Wang Y, Yang L, Chen HY, Liang SB, Lu LX, et al. Plasma fibrinogen
correlates with metastasis and is associated with prognosis in human nasopharyngeal
carcinoma. J Cancer. (2017) 8:403–09. doi: 10.7150/jca.17028

19. Wakatsuki K, Matsumoto S, Migita K, Ito M, Kunishige T, Nakade H, et al.
Preoperative plasma fibrinogen is associated with lymph node metastasis and predicts
prognosis in resectable esophageal cancer. World J Surg. (2017) 41:2068–77.
doi: 10.1007/s00268-017-3991-x

20. Perisanidis C, Psyrri A, Cohen EE, Engelmann J, Heinze G, Perisanidis B, et al.
Prognostic role of pretreatment plasma fibrinogen in patients with solid tumors: A
systematic review and meta-analysis. Cancer Treat Rev. (2015) 41:960–70. doi: 10.1016/
j.ctrv.2015.10.002

21. Gui H, Song Y, Yin Y, Wang H, Rodriguez R, Wang Z. Prognostic value of
preoperative inflammation-based predictors in patients with bladder carcinoma after
radical cystectomy. Open Med (Wars). (2021) 16:816–25. doi: 10.1515/med-2021-0277

22. Pandya G, Kirtonia A, Singh A, Goel A, Mohan CD, Rangappa KS, et al. A
comprehensive review of the multifaceted role of the microbiota in human pancreatic
carcinoma. Semin Cancer Biol. (2022) 86:682–92. doi: 10.1016/j.semcancer.2021.05.027

23. Starzer AM, Steindl A, Mair MJ, Deischinger C, Simonovska A, Widhalm G,
et al. Systemic inflammation scores correlate with survival prognosis in patients with
newly diagnosed brain metastases. Br J Cancer. (2021) 124:1294–300. doi: 10.1038/
s41416-020-01254-0

24. Stromnes IM. IL18 at the crossroads between chronic inflammation and T-cell
exhaustion in pancreatic cancer. Cancer Immunol Res. (2023) 11:400. doi: 10.1158/
2326-6066.CIR-23-0145

25. Agalianos C, Gouvas N, Manatakis DK, Sideris I, Passas I, Dervenis C. The role
of inflammatory markers in predicting resectability of pancreatic ductal
adenocarcinoma. Chirurgia (Bucur). (2022) 117:431–36. doi: 10.21614/chirurgia.2603

26. Lin Y, Liu Z, Qiu Y, Zhang J, Wu H, Liang R, et al. Clinical significance of plasma
D-dimer and fibrinogen in digestive cancer: A systematic review and meta-analysis. Eur
J Surg Oncol. (2018) 44:1494–503. doi: 10.1016/j.ejso.2018.07.052

27. Grottke O, Mallaiah S, Karkouti K, Saner F, Haas T. Fibrinogen supplementation
and its indications. Semin Thromb Hemost. (2020) 46:38–49. doi: 10.1055/s-0039-
1696946

28. Qian X, Cai J, Qi Q, Han J, Zhu X, Xia R, et al. Preoperative fibrinogen is
associated with the clinical survival of primary liver cancer patients and promotes
hepatoma metastasis via the PTEN/AKT/mTOR pathway. Heliyon. (2023) 9:e16696.
doi: 10.1016/j.heliyon.2023.e16696

29. Preston T, Slater C, McMillan DC, Falconer JS, Shenkin A, Fearon KC.
Fibrinogen synthesis is elevated in fasting cancer patients with an acute phase
response. J Nutr. (1998) 128:1355–60. doi: 10.1093/jn/128.8.1355

30. Qin WZ, Li QL, Chen WF, Xu MD, Zhang YQ, Zhong YS, et al. Overexpression
offibrinogen-like protein 2 induces epithelial-to-mesenchymal transition and promotes
tumor progression in colorectal carcinoma. Med Oncol. (2014) 31:181. doi: 10.1007/
s12032-014-0181-7
Frontiers in Oncology 10
31. Martino MM, Briquez PS, Ranga A, Lutolf MP, Hubbell JA. Heparin-binding
domain of fibrin(ogen) binds growth factors and promotes tissue repair when
incorporated within a synthetic matrix. Proc Natl Acad Sci USA. (2013) 110:4563–8.
doi: 10.1073/pnas.1221602110

32. Zhang F, Wang Y, Sun P, Wang ZQ, Wang DS, Zhang DS, et al. Fibrinogen
promotes Malignant biological tumor behavior involving epithelial-mesenchymal
transition via the p-AKT/p-mTOR pathway in esophageal squamous cell carcinoma.
J Cancer Res Clin Oncol. (2017) 143:2413–24. doi: 10.1007/s00432-017-2493-4

33. Qi Q, Geng Y, Sun M, Chen H, Wang P, Chen Z. Hyperfibrinogen is associated
with the systemic inflammatory response and predicts poor prognosis in advanced
pancreatic cancer. Pancreas. (2015) 44:977–82. doi: 10.1097/MPA.0000000000000353

34. Kurahara H, Maemura K, Mataki Y, Sakoda M, Iino S, Hiwatashi K, et al.
Prognostication by inflammation-based score in patients with locally advanced
pancreatic cancer treated with chemoradiotherapy. Pancreatology. (2015) 15:688–93.
doi: 10.1016/j.pan.2015.09.015

35. Ma LX, Wang Y, Espin-Garcia O, Allen MJ, Jang GH, Zhang A, et al. Systemic
inflammatory prognostic scores in advanced pancreatic adenocarcinoma. Br J Cancer.
(2023) 128:1916–21. doi: 10.1038/s41416-023-02214-0

36. Balkwill F, Mantovani A. Inflammation and cancer: back to Virchow? Lancet.
(2001) 357:539–45. doi: 10.1016/S0140-6736(00)04046-0

37. Kusumanto YH, Dam WA, Hospers GA, Meijer C, Mulder NH. Platelets and
granulocytes, in particular the neutrophils, form important compartments for
circulating vascular endothelial growth factor. Angiogenesis. (2003) 6:283–7.
doi: 10.1023/B:AGEN.0000029415.62384.ba

38. Salazar-Onfray F, Lopez MN, Mendoza-Naranjo A. Paradoxical effects of
cytokines in tumor immune surveillance and tumor immune escape. Cytokine
Growth Factor Rev. (2007) 18:171–82. doi: 10.1016/j.cytogfr.2007.01.015

39. Xiang ZJ, Hu T, Wang Y, Wang H, Xu L, Cui N. Neutrophil-lymphocyte ratio
(NLR) was associated with prognosis and immunomodulatory in patients with
pancreatic ductal adenocarcinoma (PDAC). Biosci Rep. (2020) 40:BSR20201190.
doi: 10.1042/BSR20201190

40. Suthahar N, Wang D, Aboumsallem JP, Shi C, deWit S, Liu EE, et al. Association
of initial and longitudinal changes in C-reactive protein with the risk of cardiovascular
disease, cancer, and mortality. Mayo Clin Proc. (2023) 98:549–58. doi: 10.1016/
j.mayocp.2022.10.013

41. Zhang CL, Gao MQ, Jiang XC, Pan X, Zhang XY, Li Y, et al. Research progress
and value of albumin-related inflammatory markers in the prognosis of non-small cell
lung cancer: a review of clinical evidence. Ann Med. (2023) 55:1294–307. doi: 10.1080/
07853890.2023.2192047

42. Yue L, Lu Y, Li Y, Wang Y. Prognostic value of C-reactive protein to albumin
ratio in gastric cancer: A meta-analysis. Nutr Cancer. (2021) 73:1864–71. doi: 10.1080/
01635581.2020.1817510

43. He X, Li JP, Liu XH, Zhang JP, Zeng QY, Chen H, et al. Prognostic value of C-
reactive protein/albumin ratio in predicting overall survival of Chinese cervical cancer
patients overall survival: comparison among various inflammation based factors.
J Cancer. (2018) 9:1877–84. doi: 10.7150/jca.23320

44. Liu Z, Jin K, Guo M, Long J, Liu L, Liu C, et al. Prognostic value of the CRP/alb
ratio, a novel inflammation-based score in pancreatic cancer. Ann Surg Oncol. (2017)
24:561–68. doi: 10.1245/s10434-016-5579-3

45. Fan Z, Fan K, Gong Y, Huang Q, Yang C, Cheng H, et al. The CRP/albumin ratio
predicts survival and monitors chemotherapeutic effectiveness in patients with advanced
pancreatic cancer. Cancer Manag Res. (2019) 11:8781–88. doi: 10.2147/CMAR.S211363

46. Allin KH, Nordestgaard BG. Elevated C-reactive protein in the diagnosis,
prognosis, and cause of cancer. Crit Rev Clin Lab Sci. (2011) 48:155–70.
doi: 10.3109/10408363.2011.599831

47. Luyendyk JP, Schoenecker JG, Flick MJ. The multifaceted role of fibrinogen in tissue
injury and inflammation. Blood. (2019) 133:511–20. doi: 10.1182/blood-2018-07-818211

48. Fuellen G, Walter U, Henze L, Bohmert J, Palmer D, Lee S, et al. Protein
biomarkers in blood reflect the interrelationships between stroke outcome,
inflammation, coagulation, adhesion, senescence and cancer. Cell Mol Neurobiol.
(2023) 43:1413–24. doi: 10.1007/s10571-022-01260-1

49. Bauer AT, Gorzelanny C, Gebhardt C, Pantel K, Schneider SW. Interplay
between coagulation and inflammation in cancer: Limitations and therapeutic
opportunities. Cancer Treat Rev. (2022) 102:102322. doi: 10.1016/j.ctrv.2021.102322

50. Esmon CT. The interactions between inflammation and coagulation. Br J
Haematol. (2005) 131:417–30. doi: 10.1111/j.1365-2141.2005.05753.x

51. Heissig B, Salama Y, Takahashi S, Osada T, Hattori K. The multifaceted role of
plasminogen in inflammation. Cell Signal. (2020) 75:109761. doi: 10.1016/
j.cellsig.2020.109761

52. Zabel BA, Allen SJ, Kulig P, Allen JA, Cichy J, Handel TM, et al. Chemerin
activation by serine proteases of the coagulation, fibrinolytic, and inflammatory
cascades. J Biol Chem. (2005) 280:34661–6. doi: 10.1074/jbc.M504868200
frontiersin.org

https://doi.org/10.2147/CMAR.S277291
https://doi.org/10.1016/j.ebiom.2019.01.003
https://doi.org/10.1186/s12957-021-02253-y
https://doi.org/10.1186/s12957-021-02253-y
https://doi.org/10.1186/s12885-017-3220-x
https://doi.org/10.3389/fonc.2021.737155
https://doi.org/10.7150/jca.31173
https://doi.org/10.1016/j.clgc.2019.10.025
https://doi.org/10.1007/s00595-020-02019-1
https://doi.org/10.1007/s00595-020-02019-1
https://doi.org/10.1002/rth2.12191
https://doi.org/10.7150/jca.17028
https://doi.org/10.1007/s00268-017-3991-x
https://doi.org/10.1016/j.ctrv.2015.10.002
https://doi.org/10.1016/j.ctrv.2015.10.002
https://doi.org/10.1515/med-2021-0277
https://doi.org/10.1016/j.semcancer.2021.05.027
https://doi.org/10.1038/s41416-020-01254-0
https://doi.org/10.1038/s41416-020-01254-0
https://doi.org/10.1158/2326-6066.CIR-23-0145
https://doi.org/10.1158/2326-6066.CIR-23-0145
https://doi.org/10.21614/chirurgia.2603
https://doi.org/10.1016/j.ejso.2018.07.052
https://doi.org/10.1055/s-0039-1696946
https://doi.org/10.1055/s-0039-1696946
https://doi.org/10.1016/j.heliyon.2023.e16696
https://doi.org/10.1093/jn/128.8.1355
https://doi.org/10.1007/s12032-014-0181-7
https://doi.org/10.1007/s12032-014-0181-7
https://doi.org/10.1073/pnas.1221602110
https://doi.org/10.1007/s00432-017-2493-4
https://doi.org/10.1097/MPA.0000000000000353
https://doi.org/10.1016/j.pan.2015.09.015
https://doi.org/10.1038/s41416-023-02214-0
https://doi.org/10.1016/S0140-6736(00)04046-0
https://doi.org/10.1023/B:AGEN.0000029415.62384.ba
https://doi.org/10.1016/j.cytogfr.2007.01.015
https://doi.org/10.1042/BSR20201190
https://doi.org/10.1016/j.mayocp.2022.10.013
https://doi.org/10.1016/j.mayocp.2022.10.013
https://doi.org/10.1080/07853890.2023.2192047
https://doi.org/10.1080/07853890.2023.2192047
https://doi.org/10.1080/01635581.2020.1817510
https://doi.org/10.1080/01635581.2020.1817510
https://doi.org/10.7150/jca.23320
https://doi.org/10.1245/s10434-016-5579-3
https://doi.org/10.2147/CMAR.S211363
https://doi.org/10.3109/10408363.2011.599831
https://doi.org/10.1182/blood-2018-07-818211
https://doi.org/10.1007/s10571-022-01260-1
https://doi.org/10.1016/j.ctrv.2021.102322
https://doi.org/10.1111/j.1365-2141.2005.05753.x
https://doi.org/10.1016/j.cellsig.2020.109761
https://doi.org/10.1016/j.cellsig.2020.109761
https://doi.org/10.1074/jbc.M504868200
https://doi.org/10.3389/fonc.2024.1301059
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Preoperative plasma fibrinogen and C-reactive protein/albumin ratio as prognostic biomarkers for pancreatic carcinoma
	1 Introduction
	2 Methods
	2.1 Patients
	2.2 Blood collection and assay methods
	2.3 Optimal prognostic cutoff values for inflammatory parameters
	2.4 Statistical analysis

	3 Results
	3.1 Patients’ features
	3.2 High PF and CRP/Alb and OS in pancreatic carcinoma patients
	3.3 Association of CRP/Alb and PF with clinicopathological features of pancreatic carcinoma
	3.4 The prognostic relevance of the CRP/Alb and PF combined indices in 250 patients with pancreatic carcinoma

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



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

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


