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Abstract
Purpose: To improve early detection and risk prediction of prostate cancer, we 
incorporated the urine urothelial carcinoembryonic antigen 1 (UCA1) gene ex-
pression levels and the serum PSA level.
Patients and Methods: In 897 patients the urine UCA1 gene expression was 
normalized and the performance of UCA1 score was evaluated by receiver oper-
ating characteristic (ROC) curve analysis, the Mann– Whitney U test, or decision 
curve analysis (DCA).
Results: In the Shengli training cohort (n  =  517), the area under ROC curve 
(AUC) was 0.880, 0.728, and 0.705 for detecting prostate cancer, D'Amico, and 
cancer of the prostate risk assessment (CAPRA), respectively. The UCA1 scores 
of benign patients were significantly lower than those of nonhigh- risk prostate 
cancer patients (−2.63 vs. 0.16, p  <  0.001; AUC 0.834). DCA yielded a better 
result with the UCA1 score compared to PSA. Combining PSA <4 with UCA1 
score ≥−0.475, all nine of 62 patients were successfully diagnosed with prostate 
cancer and 70.97% of prostate biopsies were excluded. Using PSA ≥4 and UCA1 
score ≥−3.47, 122 cancer patients were accurately diagnosed with a sensitivity of 
0.992, while 102 prostate biopsies (22.42%) were excluded. Similar results were 
validated in the Fuzhou validation cohort (n = 380). In all patients of two cohort 
(n = 897), the UCA1 score was superior to PSA only for detection of clinically 
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1  |  INTRODUCTION

Prostate- specific antigen (PSA) is an important screen-
ing test tool for prostate cancer, which is used worldwide. 
However, the debate on the benefits of PSA for early pros-
tate cancer detection continues. The 2012 U.S. Preventive 
Services Task Force (USPSTF) recommended against 
PSA- based screening due to a high rate of false positive re-
sults, an excess of diagnostic biopsies, overdiagnosis, and 
overtreatment.1 Most major societies have updated and 
published guidelines.2– 6 Some biomarkers for early pros-
tate cancer detection such as PSA isoforms and prostate 
cancer3 (PCA3) are emerging. These biomarkers signifi-
cantly decreased the number of diagnostic prostate biop-
sies7– 12 and have been incorporated into some guidelines, 
although their performance is not yet entirely established. 
Although imaging techniques such as MRI have made 
great advances in the detection of prostate cancer,13– 15 
noninvasive liquid biopsy markers are still of great signif-
icance. Therefore, we explored whether the UCA1 score 
can be used as a potential biomarker for prostate cancer 
detection or risk prediction.

Long noncoding RNA (lncRNA) UCA1, which is 
expressed as a proto- oncogene and plays a key role in 
tumorigenesis and tumor development, is highly ex-
pressed in various tumor tissues and cell lines, includ-
ing prostate cancer.16– 19 UCA1 promotes prostate cancer 
development by upregulating MYO6 expression through 
“sponging” miR- 143.16 UCA1 also regulates the growth 
and metastasis of prostate cancer by a competing en-
dogenous RNA mechanism that regulates the miR- 204– 
CXCR4 axis.17 In bladder cancer, UCA1 increases ATF2 
expression by binding miR- 204 and promotes cancer 
progression.19 Currently, prostate cancer risk stratifica-
tion is widely used, including National Comprehensive 
Cancer Network (NCCN) high- risk group (where the 
high- risk group is defined as PSA ≥20, Gleason score 
≥8, and/or ≥  stage T3), D'Amico,20 and CAPRA.21,22 In 
this cohort, nonhigh- risk cancer was defined as very 
low- risk, low- risk, or intermediate- risk prostate cancer. 
Therefore, in this trial, we explored the performance of 
the UCA1 score for prostate cancer detection and risk 
stratification.

2  |  PATIENTS AND METHODS

2.1 | Patients and study design

From June 2017 to July 2020, 517 patients scheduled for 
a diagnostic prostate biopsy at Fujian Shengli Clinical 
Medical College of Fujian Medical University were in-
vited to participate (Shengli training cohort). Moreover, 
380 patient samples were collected from the Fuzhou 
NO. 1 Hospital Affiliated with Fujian Medical University 
(Fuzhou validation cohort) between July 2019 and June 
2021 (Figure S1). They were required to fulfill at least one 
of the following inclusion criteria: (1) PSA >10 ng/ml; (2) 
transrectal ultrasound (TRUS), computed tomography 
(CT), or magnetic resonance imaging (MRI) revealed sus-
picious lesions; (3) suspicious digital rectal examination 
(DRE); (4) PSA 4– 10 ng/ml, free PSA/PSA >15%, or the 
PSA delta value was suspicious. Exclusion criteria were 
the following: (1) acute infection or fever; (2) hypertensive 
crisis; (3) period of cardiac insufficiency and decompen-
sation; (4) diabetic unstable phase of serum glucose; (5) 
serious internal or external hemorrhoids; (6) perianal or 
rectal lesions; (7) a history of cancer; (8) with prior pros-
tate resection; (9) with prostate biopsy within 6  months 
or a saturation biopsy at any time in the past. According 
to the NCCN Guidelines Version 2.2018 Prostate Cancer 
Early Detection23 and the Asian ethnicity of the patients, 
the indications of prostate biopsy in our cohort included 
the inclusion criteria described above, in addition to age 
and family history. As a prostate biopsy model for compar-
ison, we only plused UCA1 scores as a pre- biopsy work- up 
of indications for biopsy. This trial was approved by the 
review boards of the two hospitals, and written informed 
consent was provided by the patients. The data that sup-
ports the findings of this study are available in the supple-
mentary material of this article (Data S1 and S2).

2.2 | Sample collection and assays

Serum PSA testing was performed using an electrochemi-
cal analyzer (COBAS E602, Roche Ltd, Germany) in ac-
cordance with the standard operating procedures of clinical 

significant cancer (28% VS. 22%, p = 0.007) and detection of high- risk cancer (25% 
VS. 19%, p = 0.009).
Conclusion: The performance of the UCA1 score is superior to that of the exist-
ing PSA only in the detection and risk prediction of prostate cancer. Combination 
of the PSA level and the UCA1 score may significantly reduce the burden of pros-
tate biopsy.
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specimens. Urine specimens for analysis were collected after 
DRE and before prostate biopsy according to SOP (standard 
operating procedure). Comparable to a protocol as for the 
PCA3 test reported in the janourly Clin Chem24, in our study 
urine samples from DRE to centrifugation for urine sedi-
ment separation must be completed within 2 h. All urine 
samples were centrifuged immediately after they were re-
ceived by the laboratory staff. From each patient, two fresh 
10- ml urine specimens were collected in special tubes. The 
tubes were immediately centrifuged at 3000 g for 5 min, and 
the supernatant was discarded. To the remaining sediment, 
3 ml of sterile physiological saline was added, and samples 
were centrifuged at 3000 g for 5 min. The supernatant was 
discarded and 0.7 ml of TRIzol RNA extraction reagent was 
immediately added to the sediment. The specimens were 
stored at −80°C. RNA was extracted in batches per week 
and reverse transcribed into cDNA, and then, the UCA1 and 
KLK2 genes were amplified by quantitative PCR using 18S 
rRNA as a housekeeping gene. The 18S rRNA, UCA1, and 
KLK2 primer sequences for qRT- PCR are listed in Table S1. 
According to MIQE guidelines25, we performed quality con-
trol for RT- qPCR and the coefficient of variation (CV) of 
intraassay or interassay is ≤10% in our study. The brief in-
troduction is as follows: the concentration, purity, and integ-
rity of RNA meet the requirements; RNA extraction, reverse 
transcription, and qPCR were performed according to the 
kit reagent instructions (TRANS Co., Beijing, China, https://
WWW.trans gen.com.cn). qPCR and data analysis were 
performed by using Roche LightCycler 480 (amplification 
protocol: 94°C, 30 s; 94°C,5 s and 57°C,30 s for 45 cycles); 
Water blank and reagent blank were set for negative control 
at each assay of amplification (the values were undetectable 
or greater than 43 cycles); As a housekeeping gene, the Cq 
values of 18S rRNA should be ≤30 cycles. Linearity, limit of 
detection (LOD), repeatability and reproducibility of qPCR 
are shown in Table S1. UCA1 gene expression (deta quanti-
fication cycle, △Cq) = Cq UCA1 gene − Cq 18S rRNA gene. KLK2 
gene expression was shown as Cq KLK2 gene. Urine UCA1 gene 
expression was normalized to urine KLK2 gene expression 
using the following formula: Normalized UCA1 gene ex-
pression = UCA1 gene expression × (median of Cq KLK2 gene 
of all samples divided by Cq KLK2 gene). According to UCSC 
database (https://genome.ucsc.edu//gtex.html), KLK2 gene 
is mainly expressed in prostate cells in urine, so we used the 
median Cq value of all samples as a reference for each sam-
ple to relatively “normalize”.

2.3 | Prostate biopsy and 
pathologic review

Prostate biopsies were performed under the guidance of 
B- ultrasound by using a standard template.3 The standard 

template is a 12- core biopsy scheme. As described in the 
NCCN guideline, Systematic prostate biopsy with TRUS 
guidance is the recommended technique for prostate biopsy. 
Commonly used scheme is the 12- core biopsy scheme that 
includes a standard sextant and a lateral sextant scheme (lat-
eral apex, lateral mid- gland, and lateral base). All patients 
(n = 897) get 12- core biopsy with TRUS guidance in this study. 
The size of the prostate was also measured by B- ultrasound. 
The pathology report for each specimen was independently 
reviewed by a pathologist. Of each tissue specimen from the 
Fuzhou First Hospital, 10% was randomly selected to be re-
viewed by another senior pathologist from the Fujian Shengli 
Clinical Medical College of Fujian Medical University.

2.4 | Statistical analysis

Sample size was estimated using the PmSamplesize R 
package,26 with predictor parameters (p)  =  7, R2  =  0.9, 
and prevalence of prostate cancer  =  8.65% in China.27 
SPSS 19.0 and Prism7.0 were used for statistical analysis, 
and all tests were two- tailed. p < 0.05 was considered to 
indicate statistical significance. Comparison of PSA levels 
or UCA1 scores between groups was performed using the 
Mann– Whitney U test. Specificity, sensitivity, positive pre-
dictive value (PPV), and negative predictive value (NPV) 
were calculated to evaluate the discriminatory ability of 
the UCA1 score. The AUC was calculated to evaluate di-
agnostic potential. The UCA1 score cutoff was defined as 
the point at which the sensitivity and specificity were op-
timal or the sensitivity was close to 1.0 plus the specific-
ity by using the ROC was the highest. R software (version 
3.6.1) was used for DCA. A Chi- square test was used to 
compare percentages between UCA1 score and PSA.

3  |  RESULTS

3.1 | Study population and UCA1 score 
calculation

The Shengli training cohort originally included 560 pa-
tients. Urine samples were collected from 548 patients. 
Metastases were confirmed in 19 of these patients and in-
sufficient tissue samples were available from 12 patients, re-
sulting in 517 patients with a valid UCA1 score (Figure S1). 
Finally, 132 of the 517 patients were pathologically di-
agnosed with prostate cancer. Among 380 patients in the 
Fuzhou validation cohort, 91 patients were diagnosed with 
cancer based on pathological assessment. Patient character-
istics are presented in Table 1. Pearson correlation analysis 
demonstrated that the relationship between the KLK2 gene 
expression (KLK2 Cq value) and UCA1 gene expression 

https://www.transgen.com.cn
https://www.transgen.com.cn
https://genome.ucsc.edu//gtex.html
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(△Cq Value) showed correlation in the Shengli training 
cohort (n = 517, correlation coefficient = 0.99, p = 0.024) 
and Fuzhou validation cohort (n = 380, correlation coeffi-
cient = 0.99, p = 0.025) respectively, this proved that the 
UCA1 expression is related to the prostate cells in the urine 
sediment. The UCA1 score was calculated by binary logis-
tic regression based on urine UCA1 gene expression and 
serum PSA levels: UCA1 score = 3.591 + 0.000475 × PSA 
value −0.375 × normalized UCA1 gene expression.

3.2 | UCA1 score performance 
characteristics in the Shengli 
training cohort

3.2.1 | UCA1 score and prostate 
cancer detection

The UCA1 score was calculated for 517 samples. Binary lo-
gistic regression and ROC curve analyses were performed 

to calculate their ability to correctly detect cancer. The 
UCA1 score performed well in discriminating cancer from 
benign tissues. The AUC was 0.880 (95% confidence inter-
val [CI], 0.846– 0.914), which was significantly higher than 
that of serum PSA alone (AUC 0.747, 95% CI, 0.697– 0.797) 
and similar to that of the urine UCA1 test only (AUC 
0.877, 95% CI, 0.843– 0.912) (Figure 1A).

The median UCA1 score for prostate cancer pa-
tients was 0.425 compared to −2.63 for benign patients 
(Figure 1B). The UCA1 scores of prostate cancer patients 
were significantly higher than those of benign patients. 
From Figure 1C, we can see that most of the patients in 
this cohort were benign patients. Based on the recom-
mended UCA1 score threshold of ≥−0.475 (sensitivity 
and specificity were optimal), 150 of 517 patients were 
identified with prostate cancer (Figure  1D, Table  2). 
As cutoff value, the threshold had optimal sensitivity 
(0.765) and specificity (0.870). The number needed to 
test (NNT) to identify one prostate cancer patient at cut-
off of −0.475 was approximately two individuals; if the 

T A B L E  1  Patients characteristics

Characteristic

Shengli training cohort (n = 517) Fu zhou validation cohort (n = 380)
Patients population 
(n = 897)Benign Cancer pa Benign Cancer pa

Patients 385 132 289 91 897
Age, median, years 71 72 0.142 71 71 0.924 71
PSA, median, ng/ml 6.63 16.58 <0.0001 6.6 13.25 <0.0001 7.9
UCA1 score, median −2.63 0.43 <0.0001 −2.44 0.56 <0.0001 −1.98
T- stage

T0/T1 30 17 47
T2 28 19 47
T3 35 24 59
T4 39 31 70

Gleason score
≦6 17 11 28
7 47 29 76
8 35 29 64
≧9 33 22 55

NCCN risk group
Nonhigh risk 30 19 49
High risk 102 72 174

D'Amico risk group
LR/IR 24 19 43
HR 108 72 180

CAPRA risk group
LR/IR 50 24 74
HR 82 67 149

Note: Nonhigh risk, including very low, low, or intermediate risk.
Abbreviations: LR, low risk; IR, intermediate risk; HR, high risk; CAPRA, cancer of the prostate risk assessment.
aMann– Whitney U test.
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UCA1 score was not used, four prostate biopsies were 
needed. The PPV was 0.67 and the NPV was 0.92 for indi-
viduals correctly detected as benign patients. Similarly, 
at a UCA1 score threshold of ≥−3.47 (sensitivity close to 
1.0 plus the highest specificity), sensitivity and specific-
ity were 0.992 and 0.294, respectively, and the NPV was 
0.99 (Table 2).

By using DCA methodology, the clinical impact of 
the UCA1 score model to identify patients for pros-
tate biopsy was observed at a probability threshold of 
approximately ≥0.05 (Figure  1E); maximal utility oc-
curred at approximately 0.4. Compared with serum 
PSA, UCA1 scores had a better net benefit in prostate 
biopsy decision- making, across the range of probability 
thresholds.

3.3 | UCA1 score and nonhigh- risk 
prostate cancer

In the Shengli training cohort, PSA showed no differ-
ence between patients with nonhigh- risk prostate cancer 
and benign patients (median 8.07 vs. 6.63, p  =  0.0683, 

Figure 2A). The UCA1 score of high- risk prostate cancer 
patients is dramatically higher than that of benign patients 
(median 0.455 vs. −2.630, p < 0.0001, Figure 2B). Notably, 
the UCA1 score of nonhigh- risk prostate cancer patients 
was obviously higher than that of benign patients (median 
0.160 vs. −2.630, p < 0.0001, Figure 2B). Furthermore, the 
UCA1 score performed well in distinguishing between 
nonhigh- risk prostate cancer patients and benign patients, 
with an AUC value of 0.834 (Figure 2C). At a cutoff value 
of −0.475, 23 nonhigh- risk prostate cancer patients of 415 
patients were detected with optimal sensitivity (0.767) and 
specificity (0.870, Table 2). If the UCA1 score was used, 
the NNT decreased dramatically from 14 to three individ-
uals and the NPV increased to 0.98 of individuals correctly 
detected as benign patients.

3.4 | UCA1 score and 
D'Amico and CAPRA

For discriminating D'Amico high- risk from low-  and 
intermediate- risk prostate cancer patients, the UCA1 
score showed some usefulness. The AUC was 0.728 (95% 

F I G U R E  1  Performance characteristics of the UCA1 score in the Shengli training cohort. (A) ROC for detecting prostate cancer 
(benign vs. cancer). (B) UCA1 score of benign and cancer patients. (C) Histogram showing the distribution of predicted risks. (D) Decreased 
sensitivity and increased specificity are observed for increasing risk thresholds for the UCA1 score. (E) Decision curve analysis demonstrated 
a net clinical benefit of performing biopsy on patients. Abbreviations: ROC, receiver operating characteristic; PSA, prostate- specific antigen; 
UCA1, urothelial carcinoembryonic antigen 1; AUC, area under the ROC curve
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CI, 0.617– 0.838), which was better than that of serum PSA 
alone (AUC 0.622, 95% CI, 0.503– 0.741) or the urine UCA1 
test alone (AUC 0.710, 95% CI, 0.597– 0.823) (Figure 2D). 
Similarly, to discriminate CAPRA high- risk from low-  and 
intermediate- risk prostate cancer patients, the AUC of the 
UCA1 score of 0.705 (95% CI, 0.609– 0.800) was a bit better 
than that of serum PSA alone (AUC 0.671, 95% CI, 0.572– 
0.771) or the urine UCA1 test alone (AUC 0.672, 95% CI, 
0.574– 0.771) (Figure 2E).

3.5 | The UCA1 score assists prostate 
biopsy in the Shengli training cohort

First, we selected a UCA1 score cutoff of −0.475 and then 
combined the UCA1 score with PSA and other high- risk 
biopsy criteria to simulate biopsy decisions for this cohort.

In patients with PSA <4, combined with UCA1 scores 
≥−0.475, nine of 62 patients were successfully diagnosed 
with prostate cancer (Table  3). The number of patients 
recommended for biopsy was sharply reduced from 62 to 
18, a reduction of 70.97%.

Similarly, when the PSA had a value of 4 ≤ PSA < 10, 
10 ≤ PSA < 20, or PSA ≥20, the recommended number of bi-
opsies decreased dramatically to 46, 37, or 50, respectively. 

However, the rate of missed diagnosis increased (6/230, 
2.61%; 10/120, 8.33%, 15/105, 14.29%).

To avoid missed diagnosis, another UCA1 score cutoff 
of ≥−3.47 was applied for biopsy decision- making. Using 
PSA ≥4 and UCA1 score ≥−3.47, 122 cancer cases were ac-
curately detected in 455 patients with a sensitivity of 0.992 
(only one cancer patient was missed) and a specificity of 
0.294. Meanwhile, 102 prostate biopsies (22.42%) were 
avoided (Table 3).

3.6 | UCA1 score performance 
characteristics in the Fuzhou 
validation cohort

In the Fuzhou validation cohort, the UCA1 score also 
performed well in the detection of prostate cancer, 
nonhigh- risk prostate cancer, D'Amico, and CAPRA. The 
AUCs were 0.868, 0.827, 0.705, and 0.681, respectively 
(Figure 3A– D).

At a cutoff value of UCA1 score ≥−0.475, 112 of 380 
patients were diagnosed with prostate cancer with a sen-
sitivity of 0.714 and a specificity of 0.837 (Table S2). The 
NNT decreased from four to two patients needed for pros-
tate biopsy if the UCA1 score was not used.

T A B L E  2  Performance characteristics of UCA1 score for detecting prostate cancer in the Shengli training cohort

Patients
Performance 
characteristics

UCA1 score ≥

−12 −3.47 −0.475 3

Benign vs. cancer Sensitivity 1 0.992 0.765 0

Specificity 0 0.294 0.870 1

TP 132 131 101 0

TN 0 113 335 385

FP 385 272 49 0

FN 0 1 31 132

NNT 3.92 3.08 1.49

PPV 0.26 0.33 0.67 NaN

NPV NaN 0.99 0.92 0.74

Benign vs. nonhigh- risk prostate cancer Sensitivity 1 0.767 0

Specificity 0 0.870 1

TP 30 23 0

TN 0 335 385

FP 385 49 0

FN 0 7 30

NNT 13.8 3.13

PPV 0.072 0.32 NaN

NPV NaN 0.98 0.93

Note: FN, FP, TN, and TP are reported for a given cutoff value on the UCA1 score. NNT = (TP + FP)/TP.
Abbreviations: TP, true positive; TN, true negative; FP,false positive; FN, false negative; NaN, not a number; NNT, number needed to test; NPV, negative 
predictive value; PPV, positive predictive value.
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Similarly, at a cutoff value of UCA1 score ≥−3.47, all 
91 cancer patients were diagnosed with a sensitivity of 1.0 
and an NPV of 1.0.

As in the Shengli training cohort, in the Fuzhou vali-
dation cohort, DCA also demonstrated that UCA1 scores 
had a better net benefit in prostate biopsy decision-  mak-
ing than PSA (Figure 3E).

3.7 | The UCA1 score assists prostate 
biopsy in the Fuzhou validation cohort

By using PSA <4 and UCA1 score ≥−0.475, all nine cancer 
patients were identified with a false negative (FN) value 
of 0 (Table S3). The recommended number of biopsies de-
creased sharply from 52 to 20.

When PSA ≥4 combined with UCA1 score ≥−3.47 was 
applied, all 82 of 91 cancer patients were correctly diag-
nosed with an FN value of 0 (Table S3).

3.8 | The UCA1 score assists prostate 
biopsy in all patients

If UCA1 score had been used to assist biopsy in all pa-
tients of two cohort (n = 897), 197 patients could have been 

avoided. Cinically significant cancer (Gleason score ≥7)28 
was diagnosed in 193 of 700 patients (28%) by using UCA1 
score, as compared with 195 of 897 patients (22%) by using 
PSA only, a difference of 6 percentage points (95% CI, 2 to 
10) (Table  S4 and Figure  S2). Because the lower bound-
ary of the two- sided 95% CI was greater than 0 percentage 
points,26,27 the UCA1 score was deemed superior to PSA 
only for detection of clinically significant cancer (p = 0.007). 
For detecting clinically insignificant cancer (Gleason score 
6), the difference between UCA1 score and PSA only was 1 
percentage point (95% CI, 0 to 3), the UCA1 score was also 
superior to PSA only. For detecting group 3 + 4 + 5 of WHO 
grade groups cancer (Gleason score ≥4 + 3), the difference 
between UCA1 score and PSA only was 6 percentage point 
(95% CI, 1 to 9; p = 0.015), the UCA1 score was also superior 
to PSA only (Table S4).

Similarly, for detecting nonhigh- risk, the difference 
was 2 percentage point (95% CI, −1 to 4) (Table S4). The 
lower boundary of the two- sided 95% CI was greater than 
−4 percentage points28,29, therefore the UCA1 score was 
noninferior to PSA only. For detecting high- risk prostate 
cancer, the difference was 6 percentage point (95% CI, 1 to 
10; p = 0.009). The UCA1 score (25%) was superior to PSA 
only (19%) (Table S4 and Figure S2).

We analyzed patients without elevated PSA (<4) by 
ROC and found that UCA1 score had a significantly higher 

F I G U R E  2  UCA1 score/PSA and nonhigh- risk prostate cancer, D'Amico, and CAPRA. (A) PSA and nonhigh- risk and high- risk 
prostate cancer. (B) UCA1 score and nonhigh- risk and high- risk prostate cancer. (C) ROC curve for nonhigh- risk cancer (nonhigh- risk 
vs. high- risk). (D) ROC curve for D'Amico (LR/IR vs. HR). (E) ROC curve for CAPRA (LR/IR vs. HR). Abbreviations: ROC, receiver 
operating characteristic; PSA, prostate- specific antigen; UCA1, urothelial carcinoembryonic antigen 1; AUC, area under the ROC curve; 
LR, low risk; IR, intermediate risk; HR, high risk; CAPRA, cancer of the prostate risk assessment. Nonhigh- risk includes very low- , low- , or 
intermediate risk
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AUC (0.977) than PSA only (AUC 0.693) (Figure S3) with-
out missed diagnosis of prostate cancer.

4  |  DISCUSSION

Many reports of serum PSA screening for prostate cancer 
show a false positive rate of up to two- thirds, resulting 
in an excessive burden of prostate biopsy.30,31 As is well 
known, prostate biopsy is a huge burden on both patients 
and health resources, especially in the era of COVID- 19. 
The 2012  USPSTF recommendations highlight the limi-
tations of PSA for prostate cancer screening and stress 
individualized diagnosis strategies and assessments of 
personal risk as future directions.32 Liquid tumor biopsy 
has been developing rapidly in recent years. In particu-
lar, urine contains exfoliated cells from the prostate gland 
and is easy to collect; so, a noninvasive genetic test for 
urine sediment has a good application prospect in the 
diagnosis and treatment monitoring of prostate cancer 
patients. According to the NCCN Guidelines Updates of 
2018, PCA3 >35 can be used as a biomarker for early de-
tection of prostate cancer.33 UCA1 is an lncRNA similar 

to PCA3, and the mechanism of promoting the occur-
rence and development of prostate cancer has been widely 
explored.16– 18 Therefore, we assessed the performance of 
the UCA1 score, which is calculated by combining serum 
PSA levels and urine UCA1 expression.

For detecting prostate cancer, the UCA1 score in the 
Shengli training cohort was obviously superior to the above 
mentioned PCA3 score and urine epiCaPture, which is a 
six- gene DNA methylation panel.32 The PCA3 score did 
not demonstrate an AUC value at a cutoff of >35 and had 
a sensitivity of only 0.42 at PCA3 score >60.7 Similarly, 
in the epiCaPture cohort study, Eve O'Reilly et al. showed 
that the AUC of urine epiCaPture for detecting prostate 
cancer was 0.64.32 In this cohort, the UCA1 score per-
formed well (AUC 0.880) and had optimal sensitivity and 
specificity (0.765 and 0.870) at a cutoff value of −0.475. 
In addition, DCA also supported that the net profit of 
the UCA1 score is superior to that of PSA plus DRE and 
other tools in prostate biopsy determination, because the 
amount of exfoliated prostate cells in urine sediment var-
ies widely among individuals. Moreover, the expression of 
UCA1 may be affected by bladder cancer cells.19 We used 
the expression levels of the prostate- specific marker gene 

PSA

<4 ≥4 to <10 10– 20 >20

Patients (n = 517) 62 230 120 105

Benign (n = 385) 53 199 84 49

UCA1 score <−0.475 
(TN)

44 178 73 40

UCA1 score ≥−0.475 
(FP)

9 21 11 9

Cancer (n = 132) 9 31 36 56

UCA1 score <−0.475 
(FN)

0 6 10 15

UCA1 score ≥−0.475 
(TP)

9 25 26 41

Recommend biopsy 18 46 37 50

Biopsy redution (n, %) 44 (70.97) 184 (80.00) 83 (69.17) 65 (61.90)

Missed diagnosis (n, %) 0 (0) 6 (2.61) 10 (8.33) 15 (14.29)

Benign (n = 385) 53 199 84 49

UCA1 score <−3.47 (TN) 12 61 24 16

UCA1 score ≥−3.47 (FP) 41 138 60 33

Cancer (n = 132) 9 31 36 56

UCA1 score <−3.47 (FN) 0 1 0 0

UCA1 score ≥−3.47 (TP) 9 30 36 56

Recommend biopsy 50 168 96 89

Biopsy redution (n, %) 12 (19.35) 62 (26.97) 24 (20.00) 16(15.24)

Missed diagnosis (n, %) 0 (0) 1 (0.43) 0 (0) 0 (0)

Abbreviations: TP, true positive; TN, true negative; FP, false positive; FN, false negative.

T A B L E  3  UCA1 score assist prostate 
biopsy at different cutoff value in the 
Shengli training cohort
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KLK2 in urine to correct the UCA1 score at first consider-
ation. Compared with PCA3 and epiCaPture, UCA1 scores 
normalized to KLK2 may result in better performance in 
prostate cancer patients.

Compared with SelectMDx, another well- known urine 
marker study for prostate cancer,34 our Shengli training co-
hort showed that the UCA1 score had a better AUC (0.880 
vs. 0.76) and PPV (0.67 vs. 0.27). Importantly, SelectMDx 
is suitable for the detection of high- grade prostate cancer 
(Gleason score ≥7). However, the UCA1 score can not only 
distinguish benign tissue from high- risk cancer well, but 
can also distinguish benign tissue from nonhigh- risk can-
cer. The UCA1 score of benign patients was significantly 
lower than that of nonhigh- risk and high- risk prostate 
cancer patients. Specifically, the UCA1 score may be of 
great diagnostic significance for suspected prostate cancer 
patients with low or intermediate PSA levels. In patients 
with PSA <4 (who may be very low- risk cancer patients), 
all cancer patients were identified with a PPV of 50% and 
an NPV of 100% by using UCA1 score ≥−0.475. Currently 
Daniel W. Kim et al. 35 reported that men with a biopsy 
Gleason score of 9 to 10 and a PSA level of ≤4 versus >4, 
there was a higher rate of prostate cancer- specific mor-
tality because they may have pathologic or genetic vari-
ants that make them less amenable to a cure with current 
standards of care. Therefore, accurate detection of pros-
tate cancer patients with low PSA value has important 

clinical significance. In patients with 4 ≤ PAS < 10 (who 
may be low- risk cancer patients) or 10 ≤ PSA < 20 (who 
may be intermediate- risk cancer patients), the PPV and 
NPV were also good. In addition, the relationship between 
UCA1 score and two widely used risk prediction systems 
(D'Amico and CAPRA) was investigated by ROC curve 
analysis. The UCA1 score was better than urine UCA1 
gene expression alone or serum PSA levels.

Our results based on the Shengli training cohort 
supported the notion that the application of the UCA1 
score may sharply reduce the burden of prostate biopsy 
caused by underdiagnosis. However, we also found that 
in patients with PSA ≥4, the application of UCA1 score 
≥−0.475 reduced the biopsy rate and resulted in a higher 
rate of missed diagnosis. The effects of different numbers 
of prostate cells present in urine from different individu-
als were excluded. The possible reason for the high rate of 
missed diagnosis is that each PCR amplification did not 
use uniform negative and positive controls for quality con-
trol. Therefore, in order to achieve the balance between 
reduction of biopsy and missed diagnosis, a cutoff value 
of UCA1 score ≥−3.47 was applied to prostate biopsy 
decision- making when PSA ≥4. Most importantly, the 
performance of the UCA score was verified again in the 
Fuzhou validation cohort.

A recent study in NEJM (link below) has shown that 
using biparametric MRI that biopsy rate was halved 

F I G U R E  3  Performance characteristics of the UCA1 score in the Fuzhou validation cohort. (A) ROC for detecting prostate cancer 
(benign vs. cancer). (B) ROC curve for nonhigh- risk cancer (nonhigh- risk vs. high- risk). (C) ROC curve for D'Amico (LR/IR vs. HR). (D) 
ROC curve for CAPRA (LR/IR vs. HR). (E) Decision curve analysis demonstrated a net clinical benefit of performing biopsy on patients. 
Abbreviations: ROC, receiver operating characteristic; PSA, prostate- specific antigen; UCA1, urothelial carcinoembryonic antigen 1; AUC, 
area under the ROC curve; CAPRA, cancer of the prostate risk assessment. Nonhigh- risk includes very low- , low- , or intermediate risk
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without missing clinically significant prostate cancer28. 
In our study some patients did not undergo MRI exam-
ination before prostate biopsy due to economic reasons. 
Therefore, UCA1 score and MRI cannot be combined for 
analysis. In addition, urine UCA1 detection is less expen-
sive than MRI and may be suitable for large- scale screen-
ing and therapeutic monitoring, as well as for remote 
areas where MRI is not available. Our next study of UCA1 
score combined with MRI is necessary for the diagnosis of 
prostate cancer.

In all patients (n = 897) we found that UCA1 score was 
superior to PSA only for detection of clinically insignifi-
cant, clinically significant, group 3 + 4 + 5 of WHO grade 
groups (Gleason score ≥4 + 3), and high- risk prostate can-
cer with higher percentage. Finaly, we analyzed patients 
without elevated PSA (<4) by ROC and found that UCA1 
score had a significantly higher AUC than PSA only with-
out missed diagnosis of prostate cancer. Our next step for-
ward a large population screening including urine UCA1, 
blood TPSA, and MRI and validate the diagnostic utility 
and accuracy of the UCA1 score in the men without ANY 
high- risk features (PSA or otherwise).

In conclusion, we systematically determined and 
validated that a novel UCA1 score could serve as a new 
noninvasive test for early detection and risk prediction 
of prostate cancer. This is the first urine biomarker study 
using KLK2 for normalization. The performance of the 
UCA1 score is superior to that of PSA levels or other ex-
isting urine biomarkers. The UCA1 score, which has high 
sensitivity and could greatly reduce the burden of biopsy, 
could be used in conjunction with PSA levels and existing 
tools to assist in decision- making for prostate diagnosis 
biopsy.
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