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Abstract
Background: We aimed to establish and validate a coagulation-feature-based nomogram to predict
recurrence-free survival for prostate cancer patients.

Methods: The study contained 168 prostate cancer patients who had received radical prostatectomy
between 2012 and 2018. The Kaplan-Meier plot and log-rank analysis were used to screen recurrence-free
survival-related features. The nomogram was established by combining the signi�cant coagulation
features with clinicopathological characteristics by using Cox regression analysis. The accuracy and
clinical signi�cance of the nomogram model were assessed by receiver operating characteristic (ROC)
curve, Kaplan-Meier plot, and calibration plot. Besides, we explored the correlation between coagulation
pathway activity and patients’ prognosis based on public datasets by using gene set variation analysis
(GSVA) analysis.

Results: The results suggested that patients in the high-risk subgroup showed unfavorable prognoses
than those in the low-risk subgroup classi�ed by the nomogram model in both the training (log-rank P <
0.0001) and validation (log-rank P = 0.0004) cohorts. The nomogram model exhibited high discriminative
accuracy in the training cohort [1-year area under the curve (AUC) of 0.74, and 3-year AUC of 0.69], which
was con�rmed in the internal validation cohort (C-index = 0.651). Besides, the calibration plots con�rmed
good concordance for the prediction of recurrence-free survival at 1 and 3 years. Besides, the subgroup
analyses con�rmed the usage of this model in different clinicopathological subgroups. Finally, GSVA
analyses suggested that patients with higher coagulation pathway scores mostly had unfavorable
prognoses than those with lower scores, a result consistent with the �ndings obtained above.

Conclusions: In conclusion, we develop a practical nomogram model for the recurrence-free survival
predicting of prostate cancer patients. This model may offer clinicians prognostic assessments and
facilitate personalized treatment.

Highlights
1. It becomes urgent to establish a suitable and feasible prognostic model to guide clinical treatment;

2. A coagulation factor-based nomogram effectively predicts the recurrence-free survival prognosis of
prostate cancer;

3. Activation of the coagulation pathway is associated with an unfavorable prognosis of prostate
cancer

Background
Prostate cancer is positively related to the male's reproductive system, and take the second high
incidence of cancer in men [1]. In Asian countries, there are 3.8 per 100,000 people died from prostate
cancer each year, which causes severe health and economic problems to society [2]. Male dead from
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prostate cancer usually had a close relationship with metastasis and castration-resistance [3]. Though
the survival was improved with the development of therapeutic strategies, the heterogeneous biological
processes of prostate cancer in different patients lead to diverse clinical outcomes [3-5].

Recently, the predicted value of clinical parameters in different tumors has been focused and numerous
publications emerged [6-9], such as prostate cancer [10, 11]. In recent years, the association between
coagulation disorders and tumorigenesis and tumor progression has attracted the attention of many
researchers. On the one hand, malignancy always along with a hypercoagulable state, the presence of
tissue factor and thrombin leads to the coagulation of cancer patients and about 15% of the patients will
face the episode of thrombotic [12-14]. On the other hand, the thrombin will impact the angiogenesis of
the tumor through releasing the anti-vascular endothelial growth factor (VEGF) by the platelet α granules,
it can also promote the proliferation and migration of endothelial cells in the condition of tissue damage
[15, 16]. Lin et al.[17] reported that plasma D-dimer and �brinogen were robust predictors of poor survival
in digestive cancer patients. Cao et al. revealed that the �brinogen/albumin ratio index is an independent
prognosis predictor of recurrence-free survival in patients after surgical resection of gastrointestinal
stromal tumors. However, the prognostic value of coagulation factors in prostate cancer patients has not
been mentioned.

In the current study, we enrolled all the clinical laboratory results of coagulation factors of 168 prostate
cancer patients, as well as the essential clinicopathological features, along with the follow-up record.
Nomogram was employed to illustrate the new �ndings of the predicted value of coagulation factors for
the recurrence-free survival outcome.

Methods
Study population

Patients diagnosed with prostate cancer by the prostate biopsy in The Department of Urology, The First
A�liated Hospital of Anhui Medical University from 2012 to 2018 were involved in the study. They should
also meet the following criteria: (1) with the results of coagulation factors including prothrombin time
(PT), international normalized ratio (INR), plasma thromboplastin antecedent (PTA), activated partial
thromboplastin time (APTT), �brinogen (FIB), thrombin time (TT), �brin degradation products (FDP), D-
dimer (DD); (2) with the record of age, Gleason score, pathological T stage, and total prostate-speci�c
antigen (TPSA) value; 3) the laboratory tests should be one the same instrument and with same reference
range; otherwise, patients who suffered from hematological diseases or took anticoagulant medicine
were excluded. Patients were regularly followed up by telephone, mail, or in the clinic, and the endpoint of
the primary outcome was the biochemical recurrence, which was de�ned with the presence of the TPSA
level greater than 0.2 ng/mL after radical prostatectomy, followed by a con�rmatory test showing a
persistent TPSA level greater than 0.2 ng/mL [1].

Public databases and gene set variation analysis (GSVA)



Page 4/19

To evaluate the function and prognostic value of coagulation, we analyzed four public databases, The
Cancer Genome Atlas Prostate Adenocarcinoma (TCGA-PRAD) cohort, Memorial Sloan Kettering Cancer
Center (MSKCC) cohort, GSE116918 cohort, GSE70769 cohort. We acquire the RNA-seq data from a
public data hub, UCSC Xena (https://xenabrowser.net/) for the TCGA-PRAD, including 495 prostate cancer
samples. For the other three cohorts, the gene expression pro�ling by array was downloaded from GEO
(https://www.ncbi.nlm.nih.gov/geo). Then the coagulation pathways activated score was generated by
the Gene Set Variation Analysis (GSVA) analysis with the estimation variation of the enrichment of the
genes in HALLMARK_COAGULATION_PATHWAY
(https://www.gseamsigdb.org/gsea/msigdb/cards/HALLMARK_COAGULATION). As for the assessment
of the recurrent-free survival of patients with coagulation pathways active status, the K-M survival
analysis was performed.

Statistical analyses

All the patients were randomly separated into the training cohort and validation cohort with a ratio of 7:3.
The cut-off value for age was set as 60 years old (> 60 vs <= 60); for PSA was 10 ng/ml (> 10 vs. <= 10),
and the Gleason Group was used to divide the different stages of PCa; otherwise, the cut-off value of
coagulation factors was determined by the median value. The gene set enrichment score was conducted
by the “GSVA” R package. Nomogram was performed by the "RMS" package to establish the predicted
signature by the time and status dependent Cox regression analysis. K-M survival analysis was used to
evaluate and select the prognostic coagulation factors with the "survminer" R package, as well as to show
the predictive value of the Nomogram. The accuracy of the nomogram for predicting 1-year and the 3-
year recurrent rate was evaluated by calibration curve by "RMS" package (bootstraps with 1000
resample), while Hosmer-Lemeshow test was applied to detect the goodness of �t for the Nomogram.
Moreover, the predictability of both the established Nomogram and the generated points was assessed by
the receiver operating characteristic (ROC) curve with the "ROCR" package. R software was used for all
statistical analyses and the statistical signi�cance was decided on the two-tailed P < 0.05.

Results
The prognostic value of coagulation factors

Fig. 1 showed the design of current study. The K-M survival analysis was used to judge the recurrent-free
survival of patients with different coagulation function status. The median value of these coagulation
factors used to separate the patients to high-level and low-level subgroups. We found that the lower value
of FDP (HR: 0.55, 95% CI: 0.314-0.951, P =0.033), and TT (HR: 0.54, 95% CI: 0.314-0.920, P =0.024) are
the risk factor of the biochemical recurrence of prostate cancer patients (Fig. 2). While the other factors,
PT (HR: 1.04, 95% CI: 0.611-1.768, P = 0.89), PTA (HR: 1.01, 95% CI: 0.585-1.751, P = 0.965), FIB (HR: 0.7,
95% CI: 0.404-1.205, P = 0.197), INR (HR: 1.08, 95% CI: 0.629-1.855, P = 0.78), APTT (HR: 1.43, 95% CI:
0.839-2.441, P = 0.189) and DD (HR: 0.84, 95% CI: 0.493-1.446, P = 0.537) are not the predicative factors

https://xenabrowser.net/
https://www.ncbi.nlm.nih.gov/geo
https://www.gseamsigdb.org/gsea/msigdb/cards/HALLMARK_COAGULATION
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for the biochemical recurrence for prostate cancer patients. Thus, we considered containing TT and FDP
into our nomogram model.

Separation of the training and validation cohorts

With the ratio of 7:3, prostate cancer patients were separated into the training (n = 120) and validation
sets (n = 48) randomly, and the patients' characteristics in both cohorts were summarized in Table 1. The
distribution of patients with different clinical features consistent among the training and validation
cohorts (all P > 0.05). The recurrent-free survival time in the training cohort is 19.66 ± 16.98 months, while
the recurrent-free survival time in the validation cohort is 19.66 ± 15.37 months.

Establish and validate the prognostic nomogram for prostate cancer patients in the training cohort

Other than the TT and FDP parameters, we also enrolled the clinical features of age, TPSA, and Gleason
Group, which are traditional used for the predicting of the severe status of prostate cancer patients in
clinical, to establish the prognostic nomogram (Fig.3). We also tried to enrolled the pathological T stage
to establish the nomogram model, but the overall prediction value was less good than without it (data not
shown). Patients can obtain the total points along with the value of age, TPSA, Gleason Group, TT, and
FDP refer to the nomogram model, and the speci�c points for each value listed in Table 2. We observe
that younger age is a risk factor for the recurrence of prostate cancer patients, while no doubt results that
higher TPSA and advanced Gleason Group is the risk factor. Referring to the median risk score, we
subclassi�ed the prostate cancer patients into high- and low-risk of recurrence in the training cohort (high-
risk group vs. low-risk group: recurrent-free survival time 25.49 ± 19.45 months vs. 14.11 ± 12.23 months,
log-rank P-value < 0.0001, Fig. 4A). The stability and predictive value were also proved by calibration plot
(Fig. 4B) and C-index analyses (C-index = 0.74 for 1-year and 0.69 for 3-year of recurrent-free survival
prediction, Fig. 4C).

ROC and K-M analyses for prostate cancer patients in the validation cohort

We calculated the total points of patients in the validation cohort according to the well-established
Nomogram model based on the training cohort. K-M plot and log-rank analysis proved that the patients in
the high-risk subgroup had unfavorable prognoses than the low-risk subgroup (high-risk group vs. low-risk
group: recurrent-free survival time 25.31 ± 16.50 months vs. 14.67 ± 12.93 months, log-rank P-value =
0.004, Fig. 5A). The predictive value of the Nomogram was con�rmed by ROC analyses again in the
validation cohort, with the AUC value of 0.651 (Fig. 5B).

  To verify whether this nomogram model could be used in different clinicopathological subgroups, we
performed subgroup analyses. We found that this model was able to predict the recurrence-free survival
of prostate cancer patients in different age subgroups (<= 60, and > 60 years old) and PSA level
subgroups (<= 10 ng/ml, and > 10 ng/ml) (Fig. 6). Attributing to the limited samples in the “Gleason score
< 7” subgroup, we failed to obtain positive results (Fig. 6). Future studies are needed to verify this �nding.

The results of Public databases and GSVA analysis of coagulation function
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As mentioned above, the activation of the coagulation system might play important roles during the
progression of prostate cancer. We thought to explore the relationship between coagulation function
status and recurrent-free survival of prostate cancer patients at genetic levels. We acquired the mRNA
expression pro�le of prostate cancer samples from four public datasets [TCGA-PRAD cohort (495
samples), MSKCC cohort (140 samples), GSE116918 cohort (248 samples), and GSE70769 cohort (93
samples)]. Then, the coagulation pathway activated score for each patient from the online website GSVA
was calculated. Our results suggested that these patients with higher coagulation scores mostly had
unfavorable prognoses than those with lower coagulation scores in the MSKCC cohort (P = 0.023) and
GSE116918 (P = 0.012) (Fig. 7). We failed to obtain positive results for the other two cohorts, even the
curves showed good tendency (TCGA-PRAD cohort, P = 0.082, and GSE70769 cohort, P = 0.261, Fig. 7).

Discussion
Although signi�cant improvements have been achieved in treating prostate cancer, recurrence cannot be
avoided. Necessary efforts should be poured into the searching of dependable prognostic biomarkers to
help the individualized treatment for prostate cancer patients. Notably, the tumor procession is usually
presented with several symbols like the promotion of metastasis, invasion, and development, whereas,
these activities of the tumor has already been shown to have a close relationship with hemostatic
activities [18-20].

We employed K-M survival analysis and log-rank analysis and found that the lower value of FDP (HR:
0.55, 95% CI: 0.31-0.95, P =0.033), and TT (HR: 0.54, 95% CI: 0.314-0.920, P =0.024) are the risk factor of
the biochemical recurrence of prostate cancer patients (Fig. 1). Thus, we considered containing TT and
FDP into our nomogram model. Other than these two parameters, we also enrolled the clinical features of
age, TPSA, and Gleason score, which are traditionally used for the predicting of the severe status of
prostate cancer patients in clinical, to establish the prognostic nomogram. The predictive value of the
nomogram was proved by K-M plot, ROC, DCA, calibration analyses in both the training and validation
cohorts. Besides, since activation of the coagulation system might play important roles during the
progression of prostate cancer, we thought to explore the relationship between coagulation function
status and recurrent-free survival of prostate cancer patients at genetic levels. Our results suggested that
these patients with higher coagulation scores mostly had unfavorable prognoses than those with lower
coagulation scores in the MSKCC cohort (P = 0.023) and GSE116918 (P = 0.012). Our results highlight
the prognostic role of coagulation markers.

Clinically, it is feasible and inexpensive to test the levels of FDP and TT in clinical laboratories, which
could re�ect the function of coagulation, anticoagulation, and �brinolysis. Thrombin is produced by
inactive prothrombin precursors, which contributes to coagulation activation after being digested by
factor Xa. It then acts as a catalyst to catalyze the crosslinking of insoluble �brin to form soluble
�brinogen. The plasmin-mediated degradation of �brinogen or �brin releases fragments and formats
Fibrinogen (�brin) [21]. Research done by Li et al. [22] proved that the reduction in pretreatment TT has a
negative impact on the overall survival of esophageal carcinoma (ESCC) while a study �nished by
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Mischke et al. [23] found that a low level of FDP was able to lead to the reduce of TT. These researches
remind us that FDP may in�uence the level of TT in prostate cancer patients. A short time of TT
suggested the coagulation system was activated, and the results were consistent with the GSVA pathway
analysis that higher activation of the coagulation pathway is associated with unfavorable prognosis of
prostate cancer patients.

Several advantages and limitations should be noted here. Currently, although many prognostic models
have been established and some of them are already been used clinically, few of them are easily
accessed, and entirely foolproof. Molecular events reveal different biological behaviors based on various
clinics, which may help to make risk-strati�ed clinical decisions and personal prognosis prediction [24,
25]. For the limitation aspect, the sample size of our study was not full enough, and the results needed to
be validated externally. Besides, our results were based on continuous variables. If future studies want to
extend current �ndings, the values of TT, PSA, and FDP should be obtained from the same type of
instrument and with the same reference range.

Conclusion
Our study establishes a nomogram model for prostate cancer patients based on easily accessible metrics
from clinicopathological and laboratory tests. These �ndings are warranted to be validated by multicenter
prospective studies.
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Table 1. The distribution of subgroups in training and validation cohorts.
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  Training

(n = 120)

Validation

(n = 48)

Entire

(n = 168)

P value

Age, years        

≤ 60 61 26 87 0.696

> 60 59 22 81  

TPSA, ng/ml        

≤ 10 45 14 59 0.307

> 10 75 34 109  

Gleason score        

6 26 8 34  

7 30 12 42  

8 22 10 32  

9 20 7 27  

10 22 11 33  

Pathology T        

1 15 6 21 0.81359

2 76 29 105  

3 27 11 38  

4 2 2 4  

FDP, µg/ml        

≤ 1.85 59 27 86 0.407

> 1.85 61 21 82  

RFS, recurrence-free survival; TT, thrombin time; FDP, �brin degradation products; TPSA, total prostate-
speci�c antigen.

 

Table 2. The risk points of each variable in the nomogram.
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Parameters Subgroups

Age, years > 60 ≤ 60      

Points 0 28.93      

TPSA, ng/ml ≤ 10 > 10      

Points 0 14.02      

Gleason score subgroup 1 2 3 4 5

Points 0 25 50 75 100

TT, s > 17.1 ≤ 17.1      

Points 0 68.64      

FDP, µg/ml > 1.85 ≤ 1.85      

Points 0 26.09      

TT, thrombin time; FDP, �brin degradation products; TPSA, total prostate-speci�c antigen

 

Figures
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Figure 1

The �ow chart showed the design of the current study.



Page 14/19

Figure 2

Kaplan-Meier survival analysis of coagulation pathway active status and recurrent-free survival.
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Figure 3

Construction of a nomogram for recurrence-free survival predicting. Nomogram combining signature with
laboratory results & clinicopathological features. TPSA = total prostate-speci�c antigen (ng/ml); TT =
plasma prothrombin time (sec); 1-year recurrence = recurrence-free survival for 1 year; 3-year recurrence =
recurrence-free survival for 3 years. To obtain the nomogram-predicted probability of recurrent-free
survival possibility, get the location of different status at each axis and then draw a vertical line to the
"Point" axis to determine the points of each variable value. Sum the points for all value got from the
calculation before. Locating the sum on the "Total Points" line to be able to assess the individual
probability of recurrent-free survival.
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Figure 4

Verifying the accuracy of the Nomogram. A. Strati�ed survival analyses based on the risk score in the
training cohort. B. Calibration plot displaying that the nomogram model predicted recurrence-free survival
probabilities was proved consistent with the observed proportions. C. ROC curve analyses for the
Nomogram in predicting recurrence-free survival. ROC curves showed satis�ed predictive values of the
Nomogram in the training cohort at 1- and 3-year. ROC, Receiver Operating Characteristic.
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Figure 5

Verifying the accuracy of the Nomogram in the validation cohort. A. Strati�ed survival analyses based on
the risk score in the validation cohort. B. ROC curves showed satis�ed predictive values of the Nomogram
in the validation cohort at 1- and 3-year. ROC, Receiver Operating Characteristic.
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Figure 6

Subgroup Kaplan-Meier analyses according to different clinicopathological features, including age, PSA
level, and Gleason score.
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Figure 7

Kaplan-Meier plot and log-rank analyses to compare the recurrence-free survival difference of patients
with high and low coagulation pathway scores determined by gene set variation analysis.


