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Purpose: Elevated plasma D-dimer levels were thought to be associated with decreasing
survival in various cancers. The relationship between plasma D-dimer levels and clinico-
pathology and the optimal D-dimer cutoff as a prognostic predictor has not been determined
in patients with upper tract urothelial carcinoma (UTUC). We aimed to investigate the
prognostic value of preoperative plasma D-dimer levels as a predictor of patient outcomes
in UTUC following radical nephroureterectomy.

Patients and Methods: We retrospectively reviewed data for 232 patients. The D-dimer cutoff
value was set at 0.36 mg/L, and we used the Kaplan—Meier method and Cox’s proportional hazards
regression models to analyze the association between D-dimer levels and oncological outcomes.
Multivariate Cox regression was used to develop a nomogram, which we evaluated for accuracy
using a receiver operating characteristic curve, calibration plot, and decision curve analysis.
Results: Plasma D-dimer levels >0.36 mg/L were significantly associated with advanced
tumor status regarding size, location, hydronephrosis, tumor grade, lymph node involvement,
grade, and stage (all p < 0.05). The Kaplan—Meier analysis showed that plasma D-dimer
levels >0.36 mg/L predicted worse oncological outcomes vs levels <0.36 mg/L (all p <
0.001). Univariate and multivariate analyses showed that elevated preoperative plasma
D-dimer level was an independent predictor of recurrence-free survival (hazard ratio (HR):
1.67, 95% confidence interval (CI): 1.07-2.63; p = 0.025), cancer-specific survival (HR:
2.34, 95% CI: 1.30-4.19; p = 0.004), and overall survival (HR: 1.98, 95% CI: 1.18-3.34; p =
0.010). We also developed a nomogram predicting 3- and 5-year overall survival probability.
Conclusion: D-dimer levels may be a useful prognostic predictor of survival and improve
risk stratification and precisely individualize treatment for patients with UTUC.
Keywords: urothelial carcinoma, upper urinary tract, prognosis, predictors, D-dimer,

nomogram

Introduction

Urothelial carcinoma arises from the urothelium that lines the renal pelvis, ureter,
bladder, and urethra. Upper tract urothelial carcinoma (UTUC) is a relatively rare
cancer with an incidence of 1.2 per 100,000 and accounts for approximately 5—10% of
all urothelial malignancies.' Radical nephroureterectomy (RNU) with ipsilateral blad-
der cuff excision is the surgical gold standard for the treatment of localized UTUC. For
low-risk patients have the option of receiving nephron-sparing treatment. Owing to the
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aggressive nature of UTUC, the prognosis is generally poor,
and its oncological outcomes are unsatisfactory, with an
approximate 20% S5-year survival rate. Therefore, studies
have been performed to identify the prognostic factors.”
The current recognized prognostic factors are derived mainly
from postoperative data, such as pathological T stage, grade,
lymph node involvement, and lymphovascular invasion.>™
Preoperative factors, namely body mass index, advanced age,
delayed surgery, hydronephrosis, tumor location, and neutro-
phil-lymphocyte ratio (NLR) are associated with poor
prognosis.’

Several studies have demonstrated an association between
malignancy and hemostasis biomarkers™° with tumors asso-
ciated with high levels of coagulation markers (fibrinogen) and
thrombogenesis markers (D-dimer). D-dimer is a cleavage
product of fibrin, which is produced by plasmin-induced
fibrinolysis,” and this biomarker indicates the activation of
hemostasis and fibrinolysis. Elevated plasma D-dimer levels
may be associated with disseminated intravascular coagula-
tion, pregnancy, infectious diseases, trauma, surgery, and
venous thromboembolism.® Although elevated circulating
D-dimer levels are related to various cancers, such as lung,

6911 the relationship

breast, prostate, and bladder cancer,
between this hemostatic biomarker and UTUC survival out-
comes is unclear. Therefore, the purpose of the current study
was to investigate the prognostic value of preoperative plasma

D-dimer levels in UTUC.

Patients and Methods

Patients

After approval by the Institutional Review Board of the
Ethics Committee of Shandong Provincial Hospital (No.
2020-014), we retrospectively reviewed the electronic
medical records of patients from the hospital information
system, who were diagnosed with UTUC and underwent
the RNU at Shandong Provincial Hospital between
1 January 2008 and 31 December 2018. The diagnosis of
UTUC was confirmed by urinary cytology, ureteroscopy,
retrograde pyelography, computed tomography, or mag-
netic resonance imaging. All patients in this study met
the following criteria: 1) the first diagnosis of primary
resectable UTUC and age > 18- years, 2) all needed vari-
ables in the study were complete, 3) underwent operation
at our center, 4) postoperative pathological diagnosis of
UTUC, and 5) adequate follow-up information. The exclu-
sion criteria were: 1) diagnosis of another primary cancer,
2) severe cardiovascular or respiratory disease, 3) active

infection, pregnancy, or autoimmune disease, 4) hemato-
logical disease, 5) history of anticoagulant or procoagulant
drug use within 8 weeks before surgery, 6) incomplete
blood test results, and 7) perioperative death. Patients
demographics, clinical, and pathological characteristics
were recorded. Preoperative plasma D-dimer levels were
measured before breakfast using an automatic coagulum
(Stago, Asnieres-Sur-seine, France). All patients under-
went either open or laparoscopic RNU. We did not routi-
nely perform lymphadenectomy unless patients had
suspicious enlarged lymph node(s) in preoperative ima-
ging studies or positive intraoperative findings. Tumor
stage and grade were assessed according to the 2010
American Joint Committee of Cancer TNM classification
and the 2004 World Health Organization/International
Society of Urologic Pathology classification, respectively.

Follow-Up Regimen

We evaluated patients every 3 months postoperatively for the
first year and every 6 months for the second and third years,
then annually thereafter by collecting the patients’ history
and performing a physical examination, routine laboratory
tests, urine cytology, excretory urography, cystoscopy, and
radiography of the chest, abdomen, and pelvis. Follow-up
were also performed by telephone interview. According to
the follow-up program, all patients were followed until the
study end point of 31 December 2019, or until death. The
primary endpoint was cancer-specific survival (CSS),
defined as the time in months from the date of surgery to
cancer-related death. Secondary endpoints were overall sur-
vival (OS) and recurrence-free survival (RFS). We defined
OS as the interval between surgery and the last follow-up or
death from any cause. RFS was calculated as the interval
between surgery and last follow-up or recurrence.

Statistical Analysis and Nomogram

Generation

We used SPSS 25.0 (IBM Corp., Armonk, NY) and
GraphPad Prism 8.0 software (GraphPad Software Inc., San
Diego, CA) for the statistical analysis. We analyzed contin-
uous variables using Student’s #-test, and categorical vari-
ables using the chi-squared test. The ideal D-dimer cutoff
value was calculated by using a receiver operating curve
analysis to discriminate between patient survival and cancer-
related outcomes. Significant prognostic predictors in uni-
variate and multivariate analyses were determined using
Cox’s proportional hazards regression model. Variable of
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the p-values > 0.05 were removed from further analysis.
Survival outcomes were calculated using the Kaplan—Meier
method and were compared between groups using the Log
rank test. P <0.05 was considered statistically significant. We
developed a nomogram to predict the 3-year and 5-year OS
probabilities according to the results of the multivariable

regression model using R 3.3.2 (www.r-project.org/) with

the Regression Modeling Strategies packages. A backward
step-down selection was applied to select the predictors, and
we used bootstrap validation method to estimate the bias-
corrected or overfitting-corrected predictive accuracy of the
model. We analyzed the predictive accuracies of the models
using the area under the receiver operating characteristic
curve. Calibration plots were assessed by comparing the
predicted probabilities with the actual observed frequencies,

and we performed a decision curve analysis to determine the
clinical benefit of the prediction model.

Results

The patient selection flowchart is shown in Figure S1. We
enrolled 232 consecutive patients with histologically diag-
nosed UTUC, and patients’ baseline characteristics are
summarized in Table 1. The cohort consisted of 132 men
(56.9%) and 100 women (43.1%) with a median age of 65
years (IQR (interquartile range): 58-73), of whom 81
patients (34.9%) had a history of smoking. The median
follow-up duration was 39 months (IQR, 17-53). In 87
patients (37.5%), the tumor was located in the ureter; in
113 patients (48.7%), the tumor was in the renal pelvis;
and in 22 patients (13.8%), tumors were present in both

Table | Demographics and Clinical Characteristics of Patients with UTUC Grouped by Preoperative Plasma D-Dimer Level

Variables Total (n=232) Group < 0.36 (n=128, 55.2%) Group > 0.36 (n=104 44.8%) p
Sex male/female 132/100 77151 55/49 0.288
Median age (IQR), years 65 (58-73) 65 (58-72) 65 (57-73) 0.926
Median BMI (IQR), kg/m? 25.2 (23.2-27.0) 254 (23.4-27.1) 25.0 (23.0-26.7) 0.130
Smoking yes/no 81/151 47/81 34/70 0.580
Laterality right/left 108/124 70/58 54/50 0.693
Tumor size 2 3 cm vs <3 cm 119/113 52/76 67/37 0.000
ASA scores >2, n (%) 50 (21.6) 27 (21.1) 23 (22.1) 0.874
Tumor location, n (%) 0.021

Ureter 87 (37.5) 47 (36.7) 40 (38.5)

Pelvicalyceal 113 (48.7) 70 (54.7) 43 (41.3)

Both 32 (13.8) Il (8.6) 21 (20.2)
Multifocality, n (%) 40 (17.2) 20 (15.6) 20 (19.2) 0.489
Hydronephrosis, n (%) 142 (61.2) 69 (53.9) 73 (70.2) 0.015
Surgical approach laparoscopy vs open 143/89 81/47 62/42 0.589
Tumor grade, n (%) 0.007

Low grade 53 (22) 38 (29.7) 15 (14.4)

High grade 179 (78) 90 (70.3) 89 (85.6)
Tumor stage, n (%) <0.001

pTl 52 (22.4) 43 (33.¢) 9 (8.7)

pT2 70 (30.2) 45 (35.2) 25 (24.0)

pT3 86 (37.1) 35 (27.3) 51 (49.0)

pT4 24 (10.3) 5@3.9) 19 (18.3)
Concomitant CIS 22 (9.5) 10 (7.8) 12 (11.5) 0.373
LN status: positive, n (%) 38 (16.4) 10 (7.8) 28 (26.9) <0.001
LVI: positive, n (%) 13 (5.6) 5@3.9) 8(7.7) 0.257
Surgical margin status: positive, n (%) 14 (6.0) 5.9 9 (8.7) 0.168
Concurrent bladder cancer, n (%) 27 (11.6) 11 (8.6) 16 (15.4) 0.149
NLR =24 vs <24 121/111 60/68 61/43 0.086

Abbreviations: UTUC, upper tract urothelial carcinoma; IQR, interquartile; BMI, body mass index; VS, versus; ASA, American Society of Anesthesiologists; CIS, carcinoma
in situ; LN, lymph node; LVI, lymphovascular invasion; NLR, neutrophil-lymphocyte ratio.

OncoTargets and Therapy 2020:13

submit your manuscript

Dove

5049


http://www.r-project.org/
http://www.dovepress.com/get_supplementary_file.php?f=254514.pdf
http://www.dovepress.com
http://www.dovepress.com

Chen et al

Dove

sites. Multifocal lesions were found in 40 patients
(17.2%). Pathological T stage was pT1 in 52 patients
(22.4%), pT2 in 70 patients (30.2%), pT3 in 86 patients
(37.1%) and pT4 in 24 patients (10.3%). Tumor grade was
low in 53 patients (22%) and high in 179 patients (78%).

Patients were categorized into two groups, according to
a D-dimer cutoff level of 0.36 mg/L to discriminate between
RFS, CSS, and OS (Figure 1). The D-dimer < 0.36 mg/L group
constituted 128 patients, and 104 patients (44.8%) constituted
the D-dimer > 0.36 mg/L group. The association between
preoperative plasma D-dimer levels and patients’ clinicopatho-
logical variables is shown in Table 1. There were no differences
between the groups regarding sex, age, BMI, smoking history,
laterality, American Society of Anesthesiologists (ASA)
scores, multifocality, surgical approach, concomitant carci-
noma in situ (CIS), lymphatic vessel invasion (LVI), surgical
margin status, concurrent bladder cancer and NLR (p > 0.05).
However, patients with elevated D-dimer levels were signifi-
cantly associated with advanced tumor status in terms of size (p

< 0.001), location (p = 0.021), hydronephrosis (p = 0.015),
tumor grade (p = 0.007), lymph node involvement (p <0.001),
and stage (p < 0.001).

During the follow-up period, 37.9% patients (n = 88)
died from all causes, 31.9% patients (n = 74) died from
UTUC, and 47.0% patients (n = 109) experienced cancer
recurrence. The Kaplan—-Meier survival analyses revealed
that patients with higher D-dimer levels had significantly
worse RFS (p <0.001), CSS (p <0.001) and OS (p <0.001)
compared with patients with D-dimer levels below the cutoff
(Figure 2). In patients with D-dimer > 0.36 mg/L, the 5-year
OS, CSS, and RFS were 27.5 £ 5.7%, 32.3 £ 6.1% and 21.3
+ 5.4%, respectively, and 66.7+ 5.5%, 71.0 + 5.5%, and 60.2
+ 5.3%, respectively, in their counterparts (p < 0.001).

In the univariate Cox analysis (Table 2), tumor size,
location, multifocality, hydronephrosis tumor grade, stage,
lymph node status, LVI, surgical margin status, bladder
concurrence, and NLR were statistically associated with
poor RFS, CSS, and OS (p < 0.05). Multivariate Cox

3-year RFS % 3-year OS
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95% Cl: 0.646 - 0.778, 95% Cl: 0.705 - 0.858, 95% Cl: 0.695 - 0.843,
p < 0.001 p <0.001 p < 0.001
0.0 T T T T 0.0 T T T 0.0 T T T T
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Figure | Time-dependent area under the receiver-operating characteristic curve analyses for determination of optimal cutoff values of preoperative plasma D-dimer levels
to predict recurrence-free survival, cancer-specific survival and overall survival at 3 years (A) and 5 years (B).
Abbreviations: RFS, recurrence-free survival; CSS, cancer-specific survival; OS, overall survival; AUC, area under curve; Cl, confidence interval.
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Figure 2 The Kaplan—Meier survival curve of RFS (A), CSS (B), and OS (C) stratified by the optimal cutoff value of preoperative plasma D-dimer.
Abbreviations: RFS, recurrence-free survival; CSS, cancer-specific survival; OS, overall survival.

analysis (Table 3) showed that the tumor location, lymph
node status, and NLR were independent predictors of RFS,
CSS and OS (p < 0.05). Univariate Cox analysis showed

that increased preoperative plasma D-dimer levels (>
0.36 mg/L) were significantly associated with poor RFS
(HR 2.85, 95% CI: 1.92-4.21, p < 0.001), CSS (HR 4.34,

Table 2 Univariate Cox Regression Analyses of Relationship Between D-Dimer and Survival Outcomes in Patients with UTUC

Variables Recurrence-Free Survival Cancer-Specific Survival Overall Survival

HR 95% CI P HR 95% CI [ HR 95% CI p
Sex male/female 1.39 0.95-2.02 0.088 1.27 0.81-2.01 0.300 1.29 0.85-1.97 0.229
Age, years (265y vs 65y<) 0.8l 0.55-1.18 0.268 0.92 0.58-1.46 0.717 0.97 0.64-1.48 0.887

BMI (225 vs 25<) 0.82 0.56—1.20 0.300 0.68 0.42-1.08 0.100 0.70 0.46-1.07 0.102
ASA scores >2, n (%) 0.64 0.38-1.08 0.096 0.72 0.39-1.34 0.305 0.84 0.49-1.45 0.538
Smoking yes/no 0.75 0.50-1.14 0.174 0.83 0.51-1.37 0.469 0.92 0.59-1.45 0.727
Laterality right/left 1.01 0.70-1.48 0.949 0.71 0.44-1.12 0.140 0.83 0.55-1.27 0.389
Tumor size (23.0cm vs < 3.0cm) 1.97 1.33-2.92 0.001 222 1.36-3.64 0.002 1.83 1.182.84 0.007
Tumor location < 0.001 < 0.001 < 0.001
Pelvicalyceal vs ureter 0.45 0.28-0.71 0.001 0.22 0.10-0.47 < 0.001 0.29 0.16-0.54 < 0.001
Both vs ureter 297 1.88—4.69 < 0.001 3.52 2.15-5.76 < 0.001 2.83 1.784.51 < 0.001
Multifocality 1.74 111271 0.016 1.58 0.92-2.72 0.040 1.96 1.23-3.14 0.005
Hydronephrosis 1.30 0.88-1.91 0.189 1.80 1.11-2.93 0.018 2.04 1.29-3.23 0.002
Surgical approach
Laparoscopy vs open 1.22 0.84-1.79 0.300 1.20 0.76—-1.90 0.435 1.24 0.81-1.89 0.322
Tumor grade
High grade vs low grade 1.77 1.08-2.90 0.025 1.92 1.05-3.50 0.033 1.83 1.06-3.15 0.030
Tumor stage < 0.001 < 0.001 < 0.001
pT2 vs pTlI 3.17 1.45-6.95 0.004 3.98 1.14-13.84 0.030 1.93 0.79-4.70 0.147
pT3 vs pTlI 5.62 2.64-11.95 | <0.001 11.25 3.45-36.44 < 0.001 5.70 2.56-12.70 | <0.001
pT4 vs pT|I 13.36 | 5.94-30.03 < 0.001 29.96 | 8.93-100.60 | < 0.001 12.62 | 5.36-29.74 | < 0.00I
Concomitant CIS 1.01 0.53-1.93 0.980 0.93 0.40-2.14 0.858 1.23 0.62-2.45 0.562
LN status 4.59 3.07-6.87 < 0.001 7.67 4.77-12.32 < 0.001 5.56 3.57-8.65 < 0.001
LvI 231 1.27-4.23 0.006 2.22 1.07-4.64 0.033 2.07 1.04-4.13 0.039
Surgical margin status 223 1.16—4.30 0.016 4.08 2.01-8.28 < 0.001 3.6l 1.85-7.03 < 0.001
Concurrent bladder cancer 2.6l 1.60—4.26 < 0.001 2.33 1.33-4.06 0.003 2.64 1.61-4.32 < 0.001
NLR = 2.4 vs <24 2.11 1.41-3.15 < 0.001 297 1.71-5.19 < 0.001 2.09 1.32-3.33 0.002
D-dimer (= 0.36 VS 0.36 <) 2.85 1.92-4.21 < 0.001 434 2.64-7.15 < 0.001 3.57 2.29-5.56 < 0.001

Abbreviations: UTUC, upper tract urinary carcinoma; HR, hazard ratio; Cl, confidence interval; BMI, body mass index; VS, versus; ASA, American Society of
Anesthesiologists; CIS, carcinoma in situ; LN, lymph node; LVI, lymphovascular invasion; NLR, neutrophil-lymphocyte ratio.
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Table 3 Multivariate Cox Regression Analyses of Relationship Between D-Dimer and Survival Outcomes in Patients with UTUC

Variables Recurrence-Free Survival Cancer-Specific Survival Overall Survival
HR 95% CI P HR 95% CI P HR 95% CI P

Tumor size (23.0cm vs< 3.0cm) 1.23 0.80-1.88 0.347 1.35 0.78-2.30 0.283 111 0.69-1.80 0.668
Tumor location 0.007 < 0.001 0.001

Pelvicalyceal vs ureter 0.54 0.33-0.91 0.020 0.29 0.13-0.68 0.005 0.40 0.20-0.80 0.009

Both vs ureter 1.55 0.91-2.64 0.110 1.76 1.00-3.13 0.052 1.70 0.99-2.90 0.052
Multifocality 1.20 0.69-2.08 0.516 0.97 0.49-1.91 0.934 1.18 0.66-2.10 0.587
Hydronephrosis 1.09 0.69-1.73 0.717 1.97 1.03-3.75 0.040 1.89 1.08-3.30 0.026
Tumor grade

High grade vs low grade 0.99 0.58-1.71 0.979 0.67 0.32-1.37 0.271 0.80 0.43-1.49 0.487
Tumor stage 0.039 0.038 0.060

pT2 vs pTI 2.51 1.13-5.58 0.024 2.73 0.76-9.80 0.124 1.35 0.54-3.38 0518

pT3 vs pTI 2.95 1.30-6.70 0.010 4.48 1.28-15.68 0.019 2.53 1.04-6.15 0.041

pT4 vs pTI 3.83 1.52-9.68 0.004 5.58 1.53-20.36 0.009 2.89 1.09-7.67 0.033
LN status 1.62 0.96-2.73 0.074 3.64 2.01-6.60 < 0.001 2.57 1.49-4.45 0.001
LVI 1.42 0.73-2.76 0.305 1.33 0.58-3.08 0.502 1.17 0.54-2.55 0.691
Surgical margin status 0.98 0.48-2.00 0.962 1.02 0.47-2.20 0.960 1.17 0.57-2.40 0.673
Concurrent bladder cancer 1.36 0.77-2.41 0.294 1.00 0.51-1.95 0.993 1.16 0.65-2.08 0.607
NLR =224 vs <24 1.63 1.06-2.52 0.026 2.47 1.33-4.61 0.004 1.71 1.03-2.84 0.038
D-dimer (= 0.36 vs 0.36 <) 1.67 1.07-2.63 0.025 2.34 1.30-4.19 0.004 1.98 1.18-3.34 0.010

Abbreviations: UTUC, upper tract urinary carcinoma; HR, hazard ratio; Cl, confidence interval; VS, versus; LN, lymph node; LVI, lymphovascular invasion; NLR,

neutrophil-lymphocyte ratio.

95% CI: 2.64-7.15, p < 0.001) and OS (HR 3.57, 95% CI:
2.29-5.56, p < 0.001). Similarly, multivariate analysis
indicated that preoperative plasma D-dimer levels >
0.36 mg/L were an independent risk factor for shorter
RFS (HR 1.67, 95% CI 1.07-2.63, p = 0.025), CSS (HR
2.34, 95% CI 1.30-4.19, p = 0.004) and OS (HR 1.98,
95% CI 1.18-3.34, p = 0.010).

According to the predefined variables, we developed
a prognostic nomogram to predict 3- and 5-year OS follow-
ing RNU (Figure 3A). Receiver operating characteristic ana-
lysis was also performed to determine the specificity and
sensitivity of the nomogram to predict OS (Figure 3B).
Besides, the C-index of our nomogram was 0.82, which
also indicated the high predictive accuracy. The calibration
curves displayed good agreements of the nomogram pre-
dicted probability with the actual probability for OS
(Figure 3C), indicating that this nomogram had a high pre-
dictive value. Additionally, the decision curve (Figure 3D)
showed that this model had good clinical net benefit.

Discussion
UTUC is a rare urinary tumor with an unfavorable prognosis.
Approximately 60% of patients have invasive disease at

diagnosis, and the incidence of intravesical recurrence is
22-47%. Furthermore, the 5-year CSS is < 50% for patients
with stage T2/3, and < 10% for T4 patients.® Therefore,
identifying the biomarker to improve the risk stratification
and personalized prediction of recurrence is a major concern
in patients with UTUC. Several studies have investigated
prognostic factors to stratify the risk profiles for UTUC.
Ipsilateral hydronephrosis, high tumor grade, and positive
urinary cytology are associated with more advanced UTUC
pathology. The coagulation and fibrinolysis are often abnor-
mally activated in malignancy. Several investigators recently
reported that the elevated plasma fibrinogen levels had sig-
nificance in patients with UTUC.'">'* However, to our
knowledge, no studies have evaluated the effect of plasma
D-dimer levels in patients with UTUC. Therefore, we vali-
dated the prognostic significance of plasma D-dimer levels in
a cohort of patients with UTUC.

In the present study, we retrospectively analyzed
a cohort of localized UTUC patients who underwent RNU
at our center. The survival analysis showed that elevated
plasma D-dimer levels predicted a higher risk of tumor
recurrence and poor outcomes. Plasma D-dimer levels >
0.36 mg/L were associated with higher pathological T stage,
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Figure 3 (A) Nomogram predicting 3- and 5-year overall survival for patients with UTUC after RNU. (B) Receiver operating characteristic curve analysis for evaluating the
accuracy of the nomogram. (C) Calibration plot for predicting 3- and 5-year overall survival. (D) Decision curve analysis demonstrating the net benefit of the nomogram.
Abbreviations: UTUC, upper tract urothelial carcinoma; LN, lymph node; NLR, neutrophil-lymphocyte ratio; AUC, area under the curve.

tumor grade, and lymphovascular invasion. Furthermore,
univariate and multivariate analyses showed that preopera-
tive plasma D-dimer levels > 0.36 mg/L were an indepen-
dent predictor of RFS (HR: 1.67, 95% CI: 1.07-2.63; p =
0.025), CSS (HR: 2.34, 95% CI: 1.30-4.19; p = 0.004) and
OS (HR: 1.98, 95% CI: 1.18-3.34; p = 0.010). These find-
ings indicate that preoperative plasma D-dimer level is
a significant biomarker for predicting oncological outcomes
in patients with UTUC.

Plasma D-dimer is the product of cross-linked fibrin
degradation by plasmin-induced fibrinolytic activity, and
this marker has been widely used as a useful indicator of
hemostasis and fibrinolysis activation. Elevated preopera-
tive plasma D-dimer levels have been reported to be an
unfavorable prognostic factor in various malignancies,

such as lung cancers,®'® digestive tract cancers,'® urologi-

10.IL17 and soft tissue sarcomas.>’

cal cancers

The mechanism underlying the association between ele-
vated plasma D-dimer levels and malignancy remains spec-
ulative. One study reported that tumor cells not only
activated the coagulation system directly but also broke the
intactness of the vascular endothelial wall and increased
platelet as well as the fibrinolytic protein activity.'® Several
tumor-associated coagulation factors, including the tissue
factors, fibrin, and plasmin, are dysregulated in tumor
growth, metastasis, thrombosis, and angiogenesis in
malignancy.'®?° The tissue factor, thrombin, and inflamma-
tory factors from tumor cells lead to abnormal activation of
the coagulation—fibrinolysis system.?’ Tumor cells secret

some proteins and cytokines, which disrupt the balance

OncoTargets and Therapy 2020:13
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between the coagulation and fibrinolysis, resulting in the
release of agglutinants and cytokines and causing damage
to the vascular endothelium.”* The dysregulation between
coagulation and fibrinolysis is reflected by the elevated levels
of plasma D-dimer; therefore, the preoperative plasma
D-dimer levels might be associated with prognosis of
patients with UTUC.

Several studies reported that low molecular-weight
heparin (LWMH) could suppress tumor growth, decrease
selectin-mediated tumor cell invasion and metastasis, and
inhibit angiogenesis.”> %> Several studies demonstrated
that the use of LWMH enhanced patients’ response to
chemotherapy, improved prognosis, reduced complication,
and mortality rates. Further studies are needed to verify
whether the anticoagulant therapy with prophylactic
LWMH improves the prognosis of patients with UTUC
with elevated D-dimer levels.

In the present study, according to the survival analysis,
when the preoperative plasma D-dimer levels were higher
than the cutoff, the worse survival status was seen. D-dimer
levels may be a useful prognostic predictor of survival in
patients with UTUC following RNU. Furthermore, patients
with UTUC with elevated D-dimer levels may benefit from
anticoagulant therapy. Finally, we developed a nomogram to
predict individual patients” OS. Using the nomogram, clini-
cians could stratify patients into different risk group with
distinct prognosis according to the score obtained from the
nomogram. This may help us to determine personalized treat-
ment and follow-up strategies based on the stratified risks in
patients with UTUC.

Certain limitations in the present study should be
acknowledged. First, as a retrospective nature, the selec-
tion bias cannot be excluded, even though patients were
enrolled consecutively, and eligibility criteria were per-
formed to minimize the bias. More prospective studies
are needed to verify the predictive value of this marker.
Second, the follow-up duration was short, and the sample
size was small, which decreased the statistic power to
detect the significant differences between different groups.
More studies with large sample sizes and longer follow-up
are warranted to further validate our results. Third, this
study was conducted in a Chinese cohort, and further
studies with different ethnic groups are needed to validate
the generalizability of the findings. Additionally, this pre-
dictive model was based on data from a single center with
no external validation, which might impair its universal
applicability of this model to the general patient popula-
tion. Furthermore, we only analyzed the predictive value

of the indicator in primary resectable UTUC without adju-
vant therapy. The value of the biomarker in patients
receiving adjuvant chemotherapy, and in those nonresect-
able UTUC requires further validating. Notwithstanding
these limitations, this study provided a new point of view
that preoperative D-dimer levels may predict the prognosis
of patients with UTUC. Additionally, the biomarker is
widely available, which can be measured rapidly and
easily, do not need specific equipment. Therefore, preo-
perative D-dimer represents a low-cost tool that can be
implemented on a large scale in clinical practice.

Conclusion

In conclusion, this study is the first to investigate the
effects of preoperative plasma D-dimer levels on UTUC
prognosis. We developed a nomogram for individualized
prediction of survival after RNU, and our results indicated
that the preoperative elevated plasma D-dimer levels were
significantly associated with worse prognosis of patients
with UTUC. This biomarker can improve the risk stratifi-
cation and personalized prediction of recurrence and sur-
vival, which can help direct follow-up scheduling,
administration of adjuvant therapies, and precise indivi-
dualized treatment for patients with UTUC.

Abbreviations

UTUC, upper tract urothelial carcinomas; RNU, radical
nephroureterectomy; TNM, tumor node metastasis; WHO,
World Health Organization; ISUP, International Society of
Urological Pathology; CSS, cancer-specific survival; OS, over-
all survival; RFS, recurrence-free survival, ROC, receiver
operating characteristic curve; BMI, body mass index; ASA,
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