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The value of circulating fibrinogen-to- 
pre-albumin ratio in predicting survival  
and benefit from chemotherapy in  
colorectal cancer
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Xue-Xin Cheng

Abstract
Background: To evaluate the prognostic role of circulating fibrinogen-to-pre-albumin (FPR) in 
colorectal cancer (CRC) with different tumor locations, and its involvement in chemosensitivity 
and chemoresistance.
Patients and methods: A total of 2917 eligible CRC patients from multiple centers were 
enrolled in this prospective study, and 3 years follow-up was carried out to obtain the outcome 
of these patients. Circulating fibrinogen (Fib), pre-albumin (pAlb), carcinoembryonic antigen 
(CEA), and carbohydrate antigen 19-9 (CA19-9) were detected, and we calculated FPR 
according to the detected results. Kaplan–Meier curves, Cox proportional regression, time-
dependent receiver operating characteristic curves, Harrell’s concordance index, calibration, 
and decision curves were used to investigate the role of FPR in predicting chemotherapy 
efficacy and prognosis of CRC patients.
Results: Our results showed that cancer bulk, its infiltrating depth, and the distal metastasis 
status of CRC determined circulating FPR levels. A high FPR was associated with a 
significantly inferior prognosis, while the outcomes of right-sided patients with stage III and IV 
CRC were worse than left-sided cases. Only FPR was found to be a reliable and independent 
prognostic factor for each stage of CRC. In addition, the prognostic FPR-contained 
nomograms were superior to the non-FPR nomograms and FPR in predicting the outcomes in 
both localized and metastatic CRC patients. The circulating FPR was significantly associated 
with chemotherapeutic efficacy in stage III and IV CRC patients. In particular, low-grade 
(FPR < 15) and medium-grade (15 ⩽ FPR < 20) FPR patients exhibited a complete response 
to chemotherapy and attenuated chemosensitivity, respectively; in contrast, high-grade 
inflammation (FPR ⩾ 20) conferred resistance to the treatment.
Conclusion: Circulating FPR is a robust and independent prognostic factor, a simple and 
economically-friendly predictor of chemotherapy efficacy within cases of localized and 
metastatic CRC. FPR-contained nomograms are more effective in predicting the prognosis 
of these patients. FPR and the nomogram can be recommended for the evaluation of 
chemotherapy efficacy and to aid decision-making associated with the management of these 
patients.
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Introduction
Colorectal cancer (CRC) is one of the deadliest 
malignancies affecting both men and women 
worldwide; it is the third most commonly diag-
nosed cancer and the second most common cause 
of cancer-related deaths.1 Previous studies have 
implicated chromosome and microsatellite insta-
bility, CpG island methylator phenotypes, and 
epigenetic alterations in CRC tumorigenesis and 
metastasis.2–4 Studies have also reported distinct 
molecular features and varying gut microbiota in 
CRC patients,5,6 with analysis of clinical thera-
peutic responses and outcomes between the right- 
and left-sided disease yielding contrasting 
results.7–9 In addition, the role of inflammation in 
the prognosis of CRC patients with different pri-
mary tumor locations and possible causes of the 
heterogeneous outcomes are poorly understood.

In general, chronic inflammation has emerged as a 
hallmark of different types of cancer, including 
CRC.10 In particular, clinically silent systemic 
inflammation is manifested during disease onset,11 
whereas overt inflammation occurs throughout its 
progression.12 Strong epidemiological evidence 
suggests that low-dose aspirin and other non-ste-
roidal anti-inflammatory drugs are powerful 
chemo-preventive agents for reducing rates and 
cancer-related deaths.13–15 In contrast, a dynamic 
alteration of circulating host inflammatory response 
biomarkers, such as lactate dehydrogenase (LDH), 
differential count of peripheral leukocyte, circulat-
ing albumin (Alb), pre-albumin (pAlb) and fibrino-
gen (Fib), and neutrophil-to-lymphocyte ratio 
(NLR), have been implicated in reflecting a circu-
lating level of the cancer-related inflammation. Our 
previous studies have shown that the circulating 
Alb-to-Fib ratio (AFR) and Fib-to-pAlb ratio 
(FPR) are superior to these single factors and that 
these ratios independently predict clinical out-
comes in many kinds of solid malignancies, includ-
ing non-small cell lung cancer,16 esophageal, 
hepatocellular, and gastric cancers.17–19 We have 
also demonstrated that preoperative FPR is closely-
associated with chemoresistance in metastatic CRC 
patients.20 However, the role of quantitative FPR in 
impairment and resistance to chemotherapy 
remains unclear. In addition, the relationship 
between circulating FPR and tumor laterality is 
unknown. Furthermore, the dynamics of FPR and 
survival outcomes across stages (I–IV) of CRC 
needs to be further investigated.

The current prospective study sought to evaluate 
FPR across all CRC stages. In particular, we 

determined survival outcomes of the stage I–IV 
patients based on different FPR and tumor loca-
tion, as well as the involvement of circulating 
FPR in chemosensitivity and chemoresistance. 
We revealed the cut-off values for predicting 
chemotherapy efficacy. Finally, we evaluated the 
use of a prognostic nomogram for effective deter-
mination of clinical outcomes in patients with 
localized and metastatic CRC.

Materials and methods

Eligible population
We performed this study on CRC patients enrolled 
across five surgery centers in Chinese University 
hospitals between January 2008 and December 
2016. The study was approved by the ethics com-
mittee of the Second Affiliated Hospital of 
Nanchang University (No: 2007033). We obtained 
appropriate written informed consent from each 
patient, or their legal surrogates, prior to the start 
of the study. Patients who were hospitalized for at 
least 1 day with CRC were initially screened and 
enrolled in the study. Patient diagnosis and patho-
logical staging were performed according to the 
criteria described in the six and seventh American 
Joint Committee on Cancer (AJCC) tumor classi-
fication.21,22 The pathological examination was 
carried out by one senior pathologist and the 
reports were checked by another senior patholo-
gist. More than 12 lymph nodes were detected to 
ensure the accuracy of pathological staging in each 
surgical specimen sample. Patients were ultimately 
enrolled in the study if they met the following cri-
teria: (i) they were newly diagnosed with localized 
CRC (stage I–III) and the stage IV disease was 
(primary and metachronous metastasis) based on 
clinical characteristics, clinical imaging, and histo-
pathological detections; (ii) they did not suffer 
from ulcerative colitis or hereditary polyposis as 
well as hereditary nonpolyposis CRC; in addition, 
they had not received emergency surgery before 
pre-admission; (iii) they had clinical characteristics 
data indicating that they did not suffer from other 
malignancies, recent bacterial or viral infections, 
autoimmune, hematologic, cardiovascular, or cer-
ebrovascular diseases; (iv) and they had normal 
liver and kidney function, no diarrhea, and they 
had not been taking non-steroidal anti-inflamma-
tory, antiplatelet, or anticoagulant drugs, antibac-
terial agents, or intravenous albumin supplements 
in the last 3 months. Right-sided CRC was defined 
as the disease originating from ileocecal to trans-
verse colon; in contrast, left-sided CRC was 
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defined as the disease occurring in the splenic flex-
ure, descending and sigmoid colon, as well as the 
rectum.

Follow-up
Patient follow-up was performed 3 years after 
enrollment. The majority of the patients were 
counterchecked with a frequency of every 
3 months in the first 2 years, and every 6 months 
in the third year. The patients received follow-up 
investigations, including a physical examination, 
serum carcinoembryonic antigen (CEA) and car-
bohydrate antigen 19-9 (CA19-9) detection, and 
computed tomography (CT) or magnetic reso-
nance imaging (MRI), as well as colonoscopy. A 
contrast-enhanced chest CT and bone scanning 
were selected to detect lung or bone metastasis, 
respectively. The disease progression was clini-
cally confirmed by one of the following criteria: 
(a) colonoscopy examination; (b) typical appear-
ances in imaging scan; (c) or more than twice the 
increase CEA or CA19-9 compared to the last 
detection. Telephone, email, and network ques-
tionnaires were selected to follow-up those who 
were not regularly checked in the period. The last 
follow-up was conducted in December 2019. The 
primary endpoints are recurrence-free survival 
(RFS) within the stage I–III patients, and pro-
gression-free survival (PFS) within the stage IV 
patients. The secondary endpoint was overall sur-
vival (OS). The time from surgical operation to 
radiologic recurrence (local or distal recurrence 
of CRC) was considered as RFS. PFS was defined 
as the time from the disease diagnosis to progres-
sion or censored at the deadline in stage IV 
patients. OS was described as the time taken from 
operation/diagnosis to death in any cause or cen-
sored at the last follow-up.

Immunoassays
Peripheral serum and sodium citrate anticoagu-
lated plasma samples (every 2 ml) were collected 
when the patients were first admitted to the hos-
pitals; this occurred earlier than when the patients 
were clinically diagnosed as localized or meta-
static CRC. These samples were used for labora-
tory detection, and all the detections were 
completed within 2 h after the collection. Plasma 
Fib was measured by Clauss assay using a 
SYSMEX CA-7000 machine (Sysmex, Tokyo, 
Japan), whereas serum pAlb, CEA and CA 19-9 
were measured using the immunoturbidimetric 
and chemiluminescence assays on OLYMPUS 

AU5400 (Beckman Coulter, Tokyo, Japan) and 
SIEMENS ADVIA Centaur XP (Siemens, 
Erlangen, Germany) machines. Inter- and intra-
batch variation coefficients for Fib, pAlb, CEA, 
and CA19-9 kits were less than 5%. We calcu-
lated FPR according to the formula: FPR = (cir-
culating Fib/pAlb) × 1000.

Statistical analyses
Continuous variables, with normal and skewed 
distribution, were expressed as means ± standard 
deviations (SD) of the mean, medium, and inter-
quartile ranger (IQR), respectively. Comparative 
differences between categorical variables were 
carried out using the Chi–square or Fisher’s exact 
tests; in contrast, those across continuous varia-
bles with skewed distribution were done using the 
Mann–Whitney U test. Optimal FPR cut-off 
points across 3 years OS, at each disease stage, 
were determined using the X-tile 3.6.1 software 
(Yale University, New Haven, CT, USA) as 
described in our previous studies,20,23 and their 
optimal cut-off values for stage I, II, III, and IV 
patients were 14.0, 16.5, 19.5, and 22.8, respec-
tively. According to the cut-off values, we divided 
the patients into high- and low-FPR groups across 
each stage. We also stratified low- (FPR < 15), 
medium- (15 ⩽ FPR < 20) and high-grade FPR 
(FPR ⩾ 20) groups in the overall population.
Differences in survival rates were calculated using 
Kaplan–Meier curves, with the log-rank test, 
whereas the prognostic role of clinical baseline 
characteristics and indicators detected in the lab-
oratory were analyzed using the Cox proportional 
regression with a hazard ratio (HR) at a 95% con-
fidence interval (CI). Comparisons of baseline 
and pathological characteristics, treatment, and 
other confounders were performed using multi-
variate analysis by backward stepwise Cox regres-
sion modeling. Furthermore, the prognostic 
predictive efficacy of FPR was assessed and com-
pared using time-dependent receiver operating 
characteristic (ROC) curves. The significant 
characteristics and FPR were selected to establish 
the prognostic nomograms for the localized and 
metastatic CRC patients. In addition, predicted 
efficacies of Harrell’s concordance index 
(c-index), time-dependent ROC, and calibration 
and decision curves were analyzed using ‘rms’, 
‘survival’, ‘survivalROC’, ‘tdROC’, and ‘rmda’ 
packages implemented in R software. All analyses 
were performed with SPSS version 22.0 (IBM 
Corp, Armonk, NY, USA), R version 3.6.3 
(Institute for Statistics and Mathematics, Vienna, 
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Austria), and GraphPad Prism version 8.2.1 
(GraphPad Software Inc., San Diego, USA). All 
analyses were two-sided, with values followed by 
p < 0.05 considered statistically significant.

Results
A summary of the study overview and an outline 
of the eligibility criteria are described in Figure 1. 
As shown from Figure 1, 268, 998, 926, and 725 
first-diagnosed patients with stage I, II, III, and 
IV CRC were recruited in this study, respectively. 
The baseline characteristics, pathology, and sur-
vival data are outlined in Table 1. All the stage 
I–III cases received radical resection, while 
73.45% and 86.29% of stage II and III patients 
underwent postoperative adjuvant chemotherapy. 
Due to unwillingness and poverty, 14.76% of the 
stage IV patients gave up any treatment after the 
diagnosis, 97 and 216 cases received the single 
palliative resection and the resection plus the 
other treatments. Of these cases, only 68.00% 
and 6.48% of the patients underwent chemother-
apy and targeted therapy, respectively. The 

median follow-up time was 36 and 13 months for 
stages I–III and IV patients, respectively.

Stratification according to tumor laterality 
resulted in a significantly higher recurrence rate 
being observed in patients with stage III right-
sided CRC compared to it with the left-sided dis-
ease (p = 0.019 for 50% versus 41%), meanwhile, 
the progression rate with the right-sided stage IV 
patients was significantly higher than the left-
sided patients (p = 0.035 for 83% versus 74%) 
[Figure 2(a)].

In addition, right-sided patients exhibited signifi-
cantly higher mortalities than left-sided tumour, 
across stages III (p = 0.034 for 30.70% versus 
23.40%) and IV (p = 0.050 for 78.10 versus 70.90%) 
[Figure 2(b)]. Despite this, no difference of recur-
rence or death rate was observed in the left- or right-
sided stage I or II patients. Comparison between 
left- versus right-sided patients revealed similar sur-
vival outcome at the stage I (plog–rank = 0.615 for 
RFS; plog–rank = 0.582 for OS) and II (plog–rank = 0.224 
for RFS; plog–rank = 0.371 for OS) diseases (Table 2). 

Figure 1.  Selection flowchart of 2917 eligible colorectal cancer patients.
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Table 1.  The baseline characteristics of 2917 stage I–IV colorectal cancer patients in the study.

Variants Stage I cases 
(n = 268)

Stage II cases 
(n = 998)

Stage III cases 
(n = 926)

Stage IV cases 
(n = 725)

Age, years 61 (51–68) 62 (51–71) 61 (52–69) 60 (49–69)

Sex

  Female (%) 111 (41) 382 (38) 355 (38) 333 (46)

  Male (%) 157 (59) 616 (62) 571 (62) 392 (54)

Smoking

  Yes (%) 35 (13) 166 (17) 113 (12) 125 (17)

  No (%) 233 (87) 832 (83) 813 (88) 600 (83)

Drinking

  Yes (%) 29 (11) 122 (12) 89 (10) 104 (14)

  No (%) 239 (89) 876 (88) 837 (90) 621 (86)

Diabetes

  Yes (%) 24 (9) 63 (6) 68 (7) 53 (7)

  No (%) 244 (91) 935 (94) 858 (93) 672 (93)

Hypertension

  Yes (%) 41 (15) 147 (15) 122 (13) 97 (13)

  No (%) 227 (85) 851 (85) 804 (87) 628 (87)

pT stage

  T1 (%) 58 (22) 0 7 (1) 1 (0.1)

  T2 (%) 210 (78) 0 77 (8) 10 (1)

  T3 (%) 0 396 (40) 269 (29) 17 (2)

  T4 (%) 0 602 (60) 573 (62) 283 (39)

  NA (%) 0 0 0 414 (57)

pN stage

  N0 (%) 268 (100) 998 (100) 0 99 (14)

  N1 (%) 0 0 837 (90) 100 (14)

  N2 (%) 0 0 89 (10) 104 (14)

  NA (%) 0 0 0 422 (58)

Distal metastasis

  No (%) 268 (100) 998 (100) 926 (100) 0

  Yes (%) 0 0 0 725 (100)

(continued)
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Kaplan–Meier curves revealed significantly worse 
prognosis in right-sided patients with stage III (plog–

rank = 0.006 for RFS; plog–rank =  
0.014 for OS) [Supplemental Figure 1(a-b)] and 
IV (plog–rank = 0.033 for RFS; plog–rank = 0.011 for OS) 
disease than their left-sided tumour counterparts 
[Supplemental Figure 1(c-d)]. Adjusting for the 
baseline, pathological characteristics and FPR, our 
analysis revealed that primary tumor location was 
not associated with clinical outcome of patients 
regardless of TNM stage (Table 2).

Our results also observed significantly higher cir-
culating FPR in right-sided than left-sided 
patients with stage II (p < 0.001), III (p < 0.001), 
and IV (p < 0.001) CRC [Figure 2(c)]. No 

differential circulating FPR was observed in 
patients with stage I–III CRC, based on compari-
sons between T1 versus T2 (p = 0.290), T3 versus 
T4 (p = 0.741), and negative-metastasis of lymph 
nodes (LN−) versus positive-metastasis of lymph 
nodes (LN+) (p = 0.856) [Figure 2(d)]. However, 
significantly higher FPR was observed in the T3 
subgroup compared to T2 (p < 0.001) patients 
[Figure 2(d)], and the similar significant result 
was also observed between the G3-4 and G1-2 
differentiated subgroups (p = 0.01), distal metas-
tasis and non-metastasis subgroups (p < 0.001) 
[Figure 2(e)], respectively. Comparisons revealed 
significantly higher preoperative FPR in patients 
with stage IV relative to those with stages I–III or 
IIIB (T3/4N1M0) (p < 0.001) [Figure 2(f)]. A 

Variants Stage I cases 
(n = 268)

Stage II cases 
(n = 998)

Stage III cases 
(n = 926)

Stage IV cases 
(n = 725)

Differentiation grade

  Good (G1) (%) 32 (12) 43 (43) 62 (7) 9 (1)

  Median (G2) (%) 223 (83) 896 (90) 747 (81) 271 (38)

  Poor (G3) (%) 13 (5) 59 (59) 117 (13) 49 (7)

  NA (%) 0 0 0 396 (55)

Location

  Proximal colon (%) 30 (11) 288 (29) 205 (22) 192 (27)

  Distal colon (%) 47 (18) 273 (27) 216 (23) 210 (29)

  Rectum (%) 191 (71) 437 (44) 505 (54) 323 (45)

Treatment

  Operation* (%) 268 (100) 998 (100) 926 (100) 353 (49)

  Single chemotherapy (%) 0 683 (68) 721 (78) 484 (67)

  Single radiotherapy (%) 0 3 (0.3) 3 (0.3) 1 (0.1)

  Chemotherapy and radiotherapy (%) 0 50 (5) 78 (8) 52 (7)

  Targeted therapy (%) 0 0 0 47 (7)

Follow-up time, months 36 36 36 (25–36) 13 (7–26)

FPR 12.57 (9.79–16.28) 15.50 (11.45–21.18) 14.79 (10.82–20.80) 23.34 (15.11–34.75)

CEA (ng/ml) 1.74 (1.15–3.20) 2.87 (1.67–5.84) 3.45 (1.72–9.22) 13.14 (3.71–87.76)

CA19-9 (U/ml) 11.45 (7.19–17.43) 13.71 (7.30–24.77) 17.40 (8.61–33.77) 43.49 (1.52–375.18)

Data are median (IQR) or n (%), Operation*: Radical resection for stage I–III CRC patients, palliative operation for stage IV cases.
CRC, colorectal cancer; N1*, positive of node metastasis; NA, not available.

Table 1.  (Continued)
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similar trend was also observed with regard to cir-
culating FPR between patients with stage I and 
IIIA (T1/2N1M0) CRC (p = 0.104) or those with 
stage II and IIIB CRC (T3/4N1M0) (p = 0.513) 
[Figure 2(f)]. In addition, patients with stage II 
CRC exhibited significantly higher preoperative 
FPR than those with IIIA (T1/2N1M0) 
(p < 0.001) [Figure 2(f)]. Finally, a significantly 
high FPR was observed in patients with stage 
I–III CRC, with a median of 5~10 cm (p < 0.001) 
and large cancer bulk (⩾10 cm) (p < 0.001) rela-
tive to those with small (<5 cm) bulk [Figure 
2(g)], while the median FPR gradually increased 

from the smallest (<1 cm) to the largest cancer 
bulk (>9 cm) (p-trend < 0.001) [Figure 2(h)].

In comparing the high- and low-FPR distribution 
in right- and left-sided CRC patients, we observed 
significantly higher high-FPR proportion within 
right-sided than left-sided patients with stage III 
(p < 0.001) and IV (p < 0.001) CRC [Figure 2(i) 
and Supplemental Table 1]. H-FPR was found to 
significantly associated with both high recurrence 
and death rates compared to the L-FPR patients 
within each TNM stage CRC (Supplemental 
Table 1). In addition, Kaplan–Meier curves and 

Figure 2.  Primary tumor location, , and survival in colorectal cancer patients. (a) 3-years’ recurrence rate in the right- and left-
sided patients; (b) 3-years’ death rate in the right- and left-sided patients; (c) circulating FPR in the right- and left-sided patients; (d) 
circulating FPR in the T1~4 patients; (e) circulating FPR in the patients with different distal metastatic status; (f) circulating FPR in 
different TNM stage; (g-i) circulating FPR in the patients with different cancer bulk.
FRP, fibrinogen to pre-albumin ratio; TNM, tumor, nodes and metastases staging.
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univariable Cox regression analyzes showed that 
patients with high-FPR were significantly associ-
ated with worse survival outcome than those with 
low-FPR at stage I (plog–rank < 0.001 and 0.007 for 
RFS and OS, respectively), II (all plog–rank < 0.001 
for both RFS and OS), III (all plog–rank < 0.001 for 
both RFS and OS), and IV (all plog–rank < 0.001 for 
both RFS and OS) CRC [Table 2 and 
Supplemental Figure 1(e-l)]. Adjusting for the 
baseline and pathological characteristics as well as 
tumor laterality, it indicated that high-FPR was 
still significantly associated with unsatisfactory 
clinical outcomes for patients with stage I 
(adjusted HR = 6.658, 95% CI = 1.229–30.447 
for OS), II (adjusted HR = 7.194, 95% CI = 3.329–
15.547 for OS), III (adjusted HR = 2.808, 95% 
CI = 1.858–4.241 for OS), and IV (adjusted 
HR = 2.786, 95% CI = 1.667–4.656 for OS) CRC 
(Table 2).

The time-dependent area under the curves 
(AUCs) for FPR were 0.724 and 0.720 in stage I 
patients, 0.657 and 0.694 in stage II patients, 
0.623 and 0.634 in stage III patients to predict 
RFS and OS, respectively, and were 0.714 and 
0.723 for stage IV to predict 3 years’ PFS and OS 
[Supplemental Figure 2(a-h)]. Measuring FPR 
resulted in a better prediction efficacy than CEA, 
CA19-9, and primary tumor location, since it 
resulted in the highest AUC for predicting prog-
nosis across the disease with each TNM stage of 
CRC [Supplemental Figure 2(i-p)].

To further understand the effect of chronic 
inflammation in adjuvant chemotherapy in CRC 
patients, we analyzed recurrence rates and sur-
vival differences in stage III and IV patients under 
varying FPR concentrations. Summarily, a 3-year 
follow-up showed recurrence and progression 
rates of 66.15% and 93.33%, respectively, in the 
two-stage non-chemotherapy treated patients 
regardless of FPR [Figure 3(a) and (d)]. On the 
other hand, recurrence and progression rates in 
chemotherapy-treated patients with low-grade 
FPR (<15), with stage III and IV CRC, were 
nearly 47.50% and 83.50%, respectively, although 
the rates gradually increased with medium-grade 
FPR (15⩽FPR < 20). However, higher stable 
recurrence and progression rates of 66.00% and 
93.00% within the chemotherapy-treated stage 
III and IV cases, respectively, were observed 
when circulating FPR was larger than 20 [Figure 
3(a) and (d)]. It should be noted that the lowest 
recurrence and progression rates and the best sur-
vival outcomes were observed in stage III and IV 

CRC patients with FPR < 15; significant recur-
rence and progression rates as well as survival dif-
ferences were also found in the patients with 
FPR ⩾ 15 and ⩾20, respectively [Figure 3(a), 
(c–d) and (f)]. No RFS or PFS was observed in 
chemotherapy-treated stage III (plog–rank = 0.94) 
and IV (plog–rank = 0.23) CRC patients with 
FPR ⩾ 20 compared to the non-chemotherapy 
treated cases regardless of FPR [Figure 3(c) and 
(f)]. A comparison with stage III chemotherapy-
untreated patients revealed significantly lower 
HR predicting recurrence in chemotherapy-
treated patients with FPR ⩽ 15, although this 
value gradually increased to nearly 1.0 for the 
treated cases with FPR ranging from 15 to 19. In 
contrast, HR remained stable, at 1.0, in patients 
with FPR20. A similar HR trend was observed in 
patients with stage IV CRC, who exhibited low- 
(FPR < 15), medium- (15 ⩽ FPR < 20) and high-
FPR (FPR ⩾ 20), relative to those without any 
treatment [Figure 3(b) and (d)]. Moreover, the 
RFS and PFS of stage III and IV patients with 
FPR < 15 subgroups stratified by adjuvant chem-
otherapy regimen was significantly better than 
non-chemotherapy treated patients [Figure 4(a) 
and (d)]. The similar poor survival was observed 
in the stage III and IV FPR ⩾ 20 subgroup strati-
fied by adjuvant chemotherapy regimen and non-
chemotherapy treated patients [Figure 4(c) and 
(f)]. In contrast, the RFS of 5-FU and oxaliplatin 
and capecitabine (XELOX) treated patients with 
20 > FPR ⩾ 15 was better than non-chemother-
apy treated patients in stage III population [Figure 
4(b)], and PFS of stage IV 20 > FPR ⩾ 15 patients 
with XELOX treatment was better than non-
chemotherapy treated patients [Figure 4(e)].

Furthermore, FPR and clinical risk factors were 
used to successfully establish relevant quantita-
tive prognostic nomograms to predict prognosis 
in patients with localized and metastatic CRC 
(Figure 5 and Supplemental Figure 3). To sum-
marize, C-indexes of 0.760 and 0.780 for stage 
I–III nomograms (FPR) to predict 3 years RFS 
and OS, respectively, and 0.671 and 0.718 for 
stage IV nomogram (FPR) to predict PFS and 
OS (Table 3) were calculated. These were signifi-
cantly higher than non-FPR nomograms, FPR, 
and TNM. In addition, time-dependent AUCs of 
the prognostic nomograms (FPR) (AUCs = 0.791 
and 0.795 for 3 years RFS and OS in stage I–III 
population, respectively; AUCs = 0.777 and 
0.821 for 3 years PFS and OS in stage IV popula-
tion, respectively) were significantly higher than 
the non-FPR nomograms, FPR, and TNM for 
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predicting 1-, 2- and 3-year survival rates [Table 
3, Figure 5(c) and (f), and Supplemental Figure 
3(c) and (f)]. Calibration plots showed that the 
prognostic nomograms (FPR) for localized and 
metastatic CRC performed well compared with 
the performance of an ideal model [Figure 5(d) 
and (g), Supplemental Figure 3(d) and (g)]. In 
addition, results from decision curve analysis 
indicated that the prognostic nomogram (FPR) 
were better than non-FPR nomograms and FPR 
in predicting survival outcomes of localized and 
metastatic CRC patients, respectively [Figure 
5(e) and (h), Supplemental Figure 3(e) and (h)].

Discussion
A simple,  economically-friendly, practical, and 
new, powerful CRC biomarker is necessary to 
guide development of chemotherapeutical 
approaches, alleviate the risk of recurrence and 
progression, and enhance prognosis of the dis-
ease. In this prospective study, we found that 

FPR not only indicated disease burden but also 
predicted CR to chemotherapy, impaired chemo-
sensitivity and chemoresistance. Specifically, high 
FPR was associated with poor survival of CRC 
patients, with circulating differential FPR 
accounting for survival differences between right- 
and left-sided patients with stage III and IV CRC. 
In addition, FPR was an independent prognostic 
factor for each stage of the disease, with nomo-
gram containing FPR effectively predicting the 
survival of CRC patients.

Previous studies have demonstrated the key roles 
played by Fib and pAlb in acute and the chronic 
phases of malignancies such as CRC.24 In partic-
ular, Fib is a driver of chronic low-grade inflam-
mation, owing to its effect on platelets, leukocyte 
migration, and its role in promoting carcinogenic 
properties. Moreover, it has been shown to func-
tion as a scaffold for cancer growth, migration, 
and metastasis.25–27 On the other hand, Alb and 
pAlb represent the main sources of energy and 

Figure 3.  Circulating FPR, recurrence, and progression in stage I–III and IV CRC patients. (a) recurrence rate according to increased 
FPR in the chemotherapy treated or non-chemotherapy treated stage III patients after curable operation; (b) HR and 95% CI 
change in recurrence-free survival comparison of stage I–III chemotherapy-treated patients with increased FPR and the cases 
without chemotherapy; (c) Kaplan–Meier curve in stage I–III patients; (d) progression rate according to increased circulating FPR 
in the chemotherapy treated or non-chemotherapy treated stage IV patients after clinical diagnosis; (e) HR and 95% CI change 
in progression-free survival comparison of stage IV chemotherapy-treated patients with increased FPR and the cases without 
chemotherapy; (f) Kaplan–Meier curve in stage IV patients.
CI, confidence interval; CRC, colorectal cancer; FPR, fibrinogen to pre-albumin ratio; HR, hazard ratio.
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nutrition for tumor growth. Previous studies have 
demonstrated that inflammatory cytokines pro-
duced from CRC microenvironment and kupfer 
cells, including interleukin-6 (IL-6), can effec-
tively suppress Alb and preAlb synthesis by 
hepatocytes.28 As a result, CRC patients, espe-
cially those at advanced stages, have been found 
to commonly manifest malnutrition or hypoalbu-
minemia.20,29 Although circulating FPR was 
gradually elevated according to increased tumor 
invasion depth and cancer bulk, we also found 
significantly high FPR in the large cancer bulk 
subgroup and the patients with distal metastasis 
compared to their counterparts, respectively. 
These findings indicate that circulating FPR is 
determined by the cancer and can be attributed to 
an uncontrolled inflammatory response. As a 
consequence, it can be used to evaluate cancer 
burden.

In our previous studies, we found an association 
between circulating high FPR and poor prognosis 

in CRC patients.20,23 In the current study, uni-
variate Cox regression revealed a significant asso-
ciation between high FPR and poor disease 
outcomes across each stage. Adjusting for com-
mon confounders, CEA, CA19-9, and tumor 
location, high FPR was still robustly associated 
with poor prognosis of the patients across each 
stage. Although we found significant differences 
in survival outcome between left- and right-sided 
patients with the stage III and IV disease, no asso-
ciation was found between them following adjust-
ment for other confounders, including FPR. 
These results revealed that preoperative FPR, 
and not tumor laterality, was an independent 
prognostic factor for CRC patients at each stage 
of disease progression. Furthermore, we found 
extremely higher circulating FPR and high-FPR 
distribution in the stage III and IV right-sided 
patients than the left-sided cases. Therefore, the 
presence of high-grade inflammation in the right-
tumor location might be a main cause contribut-
ing to the significantly poor survival of those 

Figure 4.  Clinical survival comparison in different chemotherapy regimens treated stage III and IV patients stratified by circulating 
FPR and non-chemotherapy treated patients. (a) Stage III patients with FPR < 15, a: overall non-chemotherapy patients; b: XELOX 
regimen; c: FOLFOX regimen; (b) stage III patients with 15⩽FPR < 20, a: overall non-chemotherapy patients; b: capecitabine; c: 
XELOX regimen; d: FOLFOX regimen; (c) stage III patients with FPR ⩾ 20, a: overall non-chemotherapy patients; b: capecitabine; c: 
XELOX regimen; d: FOLFOX regimen; (d) stage IV patients with FPR < 15, a: overall non-chemotherapy patients; b: XELOX regimen; 
c: FOLFOX regimen; d: FOLFIRI regimen; (e) stage IV patients with 15 ⩽ FPR < 20, a: overall non-chemotherapy patients; b: XELOX 
regimen; c: FOLFOX regimen; d: FOLFIRI regimen; (f) stage IV patients with FPR ⩾ 20, a: overall non-chemotherapy patients; b: 
XELOX regimen; c: FOLFOX regimen; d: FOLFIRI regimen.
FOLFIRI, folinic acid, 5-fluorouracil, and irinotecan; FOLFOX, folinic acid, 5-fluorouracil, and oxaliplatin; FPR, fibrinogen to pre-albumin ratio; XELOX, 
oxaliplatin and capecitabine
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patients. In addition, time-dependent FPR AUCs 
were superior to CEA, CA19-9, and tumor loca-
tion in predicting the prognosis of the patients at 
each TNM stage; in contrast, c-indexes and the 
AUCs of the prognostic nomograms (FPR) were 
found to be significantly higher than those from 
the single factor or non-FPR nomograms. This 
indicated that FPR was an effective biomarker for 
predicting survival outcomes of the disease out-
comes. As a result, it can be used to improve pre-
diction efficacies of prognostic nomogram in 
patients with localized and metastatic CRC.

Previous studies have shown that an interaction 
among cancerous or stem cells, different immune 
and inflammatory cells as well as various media-
tors, such as cytokines and gut microbiota, sharp-
ens the inflammatory microenvironment and 
promotes initiation and progression of CRC.30,31 
For example, cancer-associated stromal and 
inflammatory cells, such as fibroblasts, mac-
rophages and neutrophils, as well as colon cancer 
cells, were found to activate mitogen-activated 
protein kinase (MAPK), nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-
kB), and the phosphoinositide 3-kinase (PI3K) 

signaling pathway; as a result, this promotes 
resistance to various conventional chemotherapy 
agents.32–34 Moreover, gut microbiota, such as 
Fusobacterium nucleatum, have been implicated in 
regulation of a molecular network of the Toll-like 
receptor, microRNAs, and autophagy, thereby 
promoting chemoresistance.35 In the current 
study, chemotherapy-treated patients with preop-
erative FPR < 15 exhibited the best outcomes, 
whereas those with FPR ⩾ 20 had the worst, in 
both stages III and IV of CRC. Moreover, the 
clinical outcomes of chemotherapy-treated stage 
III and IV patients with FPR ⩾ 15 were superior 
to those without chemotherapy, as well as those 
who underwent chemotherapy with FPR ⩾ 20. 
However, no recurrence or death rate difference 
was observed between the chemotherapy-treated 
stage III and IV patients with high-grade chronic 
inflammation (FPR ⩾ 20) and those without 
treatment of chemotherapy. These results indi-
cated that FPR might be an effective factor for 
predicting chemotherapy efficacy in CRC 
patients. In particular, FPR < 15 and FPR ⩾ 20 
might indicate complete response and resistance 
to chemotherapy, respectively; in contrast, 
15 ⩽ FPR < 20 could imply impaired sensitivity 

Table 3.  Comparison of predicted efficacy between prognostic nomogram and other prognostic biomarkers in stage I–III and IV CRC 
patients.

Stage Outcome Variants 12-month survival 24-month survival 36-month survival

  AUROC (95% CI) AUROC (95% CI) AUROC (95% CI) C-index (95% CI)

I–III RFS Nomogram (FPR) 0.790 (0.761–0.823) 0.784 (0.755–0.830) 0.791 (0.756–0.839) 0.760 (0.735–0.785)

Nomogram (non-FPR) 0.762 (0.732–0.804)* 0.753 (0.714–0.806)* 0.760 (0.722–0.805)* 0.726 (0.693–0.747)*

FPR 0.664 (0.599–0.709)** 0.646 (0.601–0.685)** 0.653 (0.622–0.689)** 0.634 (0.601–0.667)**

TNM 0.689 (0.644–7.35)** 0.695 (0.633–0.746)** 0.701 (0.660–0.742)** 0.673 (0.636–0.700)**

OS Nomogram (FPR) 0.772 (0.722–0.813) 0.803 (0.755–0.842) 0.795 (0.751–0.849) 0.780 (0.750–0.810)

Nomogram (non-FPR) 0.717 (0.648–0.753)** 0.745 (0.698–0.801)* 0.744 (0.699–0.796)* 0.730 (0.690–0.770)*

FPR 0.713 (0.655–0.752)** 0.714 (0.644–0.766)** 0.714 (0.668–0.742)** 0.694 (0.652–0.736)**

TNM 0.652 (0.604–0.698)** 0.676 (0.639–0.736)** 0.672 (0.624–0.716)** 0.660 (0.624–0.696)**

IV PFS Nomogram (FPR) 0.737 (0.688–0.779) 0.773 (0.724–0.822) 0.777 (0.739–0.822) 0.671 (0.641–0.701)

Nomogram (non-FPR) 0.644 (0.594–0.696)** 0.670 (0.644–0.724)** 0.693 (0.652–0.752)** 0.615 (0.581–0.649)**

FPR 0.695 (0.658–0.762)* 0.720 (0.639–0.762)* 0.714 (0.659–0.748)* 0.632 (0.605–0.659)*

OS Nomogram (FPR) 0.779 (0.739–0.812) 0.794 (0.733–0.845) 0.821 (0.766–0.853) 0.718 (0.6935–0.743)

Nomogram (non-FPR) 0.694 (0.638–0.751)** 0.719 (0.647–0.751)** 0.741 (0.701–0.749)* 0.678 (0.650–0.705)*

FPR 0.674 (0.630–0.712)** 0.690 (0.633–0.740)** 0.723 (0.677–0.765)** 0.629 (0.605–0.654)**
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Figure 5.  Building and evaluation of prognostic nomogram. (a) OS predicted nomogram (FPR) in stage I–III operated CRC patients; 
(b) OS predicted nomogram (FPR) in stage IV CRC patients; (c) time-dependent ROC analysis in stage I–III operated CRC patients; (d) 
calibration curve of OS predicted nomogram (FPR) in stage I–III operative CRC patients; (e) decision curve of OS predicted nomogram 
(FPR) in stage I–III operated CRC patients; (f) time-dependent ROC analysis in stage IV CRC patients; (g) calibration curve of OS 
predicted nomogram (FPR) in stage IV CRC patients; (h) decision curve of OS predicted nomogram (FPR) in stage IV CRC patients.
CRC, colorectal cancer; FPR, fibrinogen to pre-albumin ratio; OS, overall survival; ROC, receiver operating characteristic curve.

to the treatment. Overall, these findings show 
that clinical outcomes of right-sided stage III and 
IV patients are worse than those of left-sided loca-
tion, and high FPR effectively predicts poor sur-
vival rates in CRC patients.

This is the prospective study reporting a compre-
hensive analysis of prognostic and predictive sig-
nificance of preoperative FPR in chemotherapy 
across stages I–IV in CRC patients, with different 
tumor locations. Based on results from a large 
sample size, used herein, it is evident that medium- 
and high-grade chronic inflammation-attenuated-
chemosensitivity or triggered chemoresistance, 

and conferred poor outcomes within patients with 
stage III and IV disease. Preoperative FPR was a 
robust predictor and prognostic factor for CRC 
patients, following chemotherapy. However, other 
prospective studies are needed to validate our 
findings. In particular, functional and mechanistic 
analysis should be carried out to elucidate the 
association between FPR, inflammation, and 
chemoresistance.

In conclusion, CRC-related inflammation affects 
the response to chemotherapy and clinical out-
comes. The circulating FPR represents a simple, 
economically-friendly and robust independent 
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prognostic factor; it should act as an effective pre-
dictor for evaluating the efficacy of chemotherapy 
at each stage of CRC. In addition, prognostic 
FPR-contained nomogram is superior to the non-
FPR counterpart and FPR in predicting out-
comes of CRC patients. Targeting chronic 
inflammation and its corresponding signaling 
pathway, coupled with measuring FPR and FPR-
contained prognostic nomogram, presents a novel 
approach to clinical management of CRC.
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