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Using clinical parameters to predict 
prostate cancer and reduce the 
unnecessary biopsy among patients 
with PSA in the gray zone
Junxiao Liu1,4, Biao Dong1,4, Wugong Qu1, Jiange Wang1, Yue Xu2, Shuanbao Yu1 & 
Xuepei Zhang1,3*

The gold standard for prostate cancer (PCa) diagnosis is prostate biopsy. However, it remines 
controversial as an invasive mean for patients with PSA levels in the gray zone (4–10 ng/mL). This study 
aimed to develop strategy to reduce the unnecessary prostate biopsy. We retrospectively identified 
235 patients with serum total PSA testing in the gray zone before prostate biopsy between 2014 
and 2018. Age, PSA derivates, prostate volume and multiparametric magnetic imaging (mpMRI) 
examination were assessed as predictors for PCa and clinically significant PCa with Gleason score ≥ 
7 (CSPCa). Univariate analysis showed that prostate volume, PSAD, and mpMRI examination were 
significant predictors of PCa and CSPCa (P < 0.05). The differences of diagnostic accuracy between 
mpMRI examination (AUC = 0.69) and other clinical parameters in diagnostic accuracy for PCa were not 
statistically significant. However, mpMRI examination (AUC = 0.79) outperformed prostate volume 
and PSAD in diagnosis of CSPCa. The multivariate models (AUC = 0.79 and 0.84 for PCa and CSPCa) 
performed significantly better than mpMRI examination for detection of PCa (P = 0.003) and CSPCa 
(P = 0.036) among patients with PSA level in the gray zone. At the same level of sensitivity as the 
mpMRI examination to diagnose PCa, applying the multivariate models could reduce the number of 
biopsies by 5% compared with mpMRI examination. Overall, our results supported the view that the 
multivariate model could reduce unnecessary biopsies without compromising the ability to diagnose 
PCa and CSPCa. Further prospective validation is required.

Prostate cancer (PCa) is the most commonly diagnosed cancer and second leading cause of cancer death in 
Western countries1. Although the incidence of PCa in China is lower than that in Western countries, PCa has 
become a serious threat to the health of men due to the aging population, changing diets, and availability of 
physical examination or medical screening in China2,3. The gold standard for PCa diagnosis is prostate biopsy. 
However, Prostate biopsy is an invasive procedure that can come with physical and psychological distress, and is 
controversial for men with PSA levels in the gray zone4.

Localized PCa usually does not present with symptoms, the selection of men for qualifying for prostate biopsy 
mainly rely on serum Prostate-specific antibodies (PSA) derivates [total PSA (tPSA), free PSA (fPSA), PSA den-
sity (PSAD), free/total (f/t)PSA, (f/t)/PSAD], and mpMRI5,6. PSA are widely used as an initial screening test for 
PCa. However, the specificity of total PSA (tPSA) is low when the serum tPSA level is in the gray zone (4–10 ng/
ml)7. The free/total (f/t)PSA may be adversely affected by several pre-analytical and clinical factors (e.g., insta-
bility of fPSA, and variable assay characteristics)8,9. A systematic review found the pooled sensitivity of fPSA is 
70% in men with a tPSA of 4–10 ng/ml10. Porcaro at al. showed a negative association between PCa and prostate 
volume11. Some studies have validated the clinical utility of mpMRI for the detection of clinically significant pros-
tate cancer with Gleason score ≥ 7 (CSPCa) and to guide clinical decisions regarding biopsy12,13. Some indolent 
PCa could be dynamically monitored and do not necessarily require active treatment. The major challenge is to 
improve the detection of CSPCa or high-grade PCa at early stage14.
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As far as we know, the knowledge about the performance of PSA derivates, prostate volume, and mpMRI 
examination in detecting of PCa and CSPCa in men with PSA level in the gray zone is limited. In our study, we 
evaluated the diagnostic accuracy of age, tPSA, fPSA, (f/t)PSA, PSAD, prostate volume and mpMRI examination 
for predicting PCa and CSPCa, respectively. Additionally, multivariate models to predict PCa and CSPCa were 
developed among cases with tPSA level in the gray zone. This study will be helpful for establishing the clinical 
parameter-based diagnostic model of PCa and CSPCa among Chinese population, thereby reducing unnecessary 
prostate biopsy, avoiding overtreatment, and selecting the best clinical strategy.

Results
A total of 235 patients with tPSA level in the gray zone were included in this study. All patients obtained a clear 
pathological diagnosis. Prostate biopsy results were negative for 179 (76.2%) patients (non-PCa group) and pos-
itive for 56 (23.8%) patients (PCa group). Of the PCa cases, 28 were with Gleason score ≤ 6, and 28 were with 
Gleason score ≥ 3 + 4 (Table 1).

Characteristics of clinical parameters for patients by pathological results.  The median age was 
66 years (interquartile range, IQR: 60–72). And the median tPSA, fPSA, and (f/t)PSA were 7.3 ng/ml (IQR: 5.7–
8.5), 1.02 ng/ml (IQR: 0.66–1.36), and 0.15 (IQR: 0.10–0.21), respectively. The PCa and non-PCa groups did not 
differ significantly with regard to age (P = 0.052), tPSA (P = 0.824), fPSA (P = 0.633), and (f/t)PSA (P = 0.764) 
(Table 1). The median of prostate volume was 49 ml (IQR: 33–71). The prostate volume of the PCa group was 
smaller than that of the non-PCa group (P < 0.001). Conversely, the PSAD of the PCa group were higher than 
that of the Non-PCa group (P < 0.001) (Table 1). Of the 235 cases, 210 performed mpMRI examination. The 
number of suspicious, equivocal, and negative for presence of PCa were 40 (19%), 37 (18%), and 133 (63%) based 
on the mpMRI reports, respectively (Table 1). The distributions of mpMRI results were significantly different 
between PCa and non-PCa groups (P < 0.001). Additionally, the differences for the mpMRI results were signif-
icant between CSPCa and non-CSPCa group (P = 0.017). The differences for other clinical parameters were not 
significant between CSPCa and non-CSPCa group (Table 1).

Univariate analysis of risk factors for PCa and CSPCa.  In univariate analysis, the risk of PCa increased 
with age (OR = 1.04, P = 0.025), log-transformed PSAD (OR = 12.81, P < 0.001), and grade of mpMRI examina-
tion, but was inversely associated with prostate volume (OR = 0.98, P = 0.004) (Table 2). The diagnostic accuracy 
of mpMRI examination (AUC = 0.69) was similar with other single parameters: age (AUC = 0.59, P = 0.089), 
prostate volume (AUC = 0.68, P = 0.881), and PSAD (AUC = 0.67, P = 0.724) in prediction of PCa. The pros-
tate volume (OR = 0.98, P = 0.028), log-transformed PSAD (OR = 2.82, P = 0.004), and mpMRI examination 
(P < 0.001) were significant predictors of CSPCa (Table 3). The mpMRI examination (AUC = 0.79) outperformed 
prostate volume (AUC = 0.69) and PSAD (AUC = 0.68) in diagnostic of CSPCa. The best mpMRI cut-off value 
was “suspicious” of PCa for predicting of CSPCa, which provided sensitivity of 0.833, specificity of 0.694.

Multivariate analysis of risk factors for PCa and CSPCa.  In a stepwise AUC analysis, age (P = 0.017), 
tPSA (P = 0.012), PSAD (P < 0.001), and mpMRI examination (P < 0.001) reminded in the model for detection of 
PCa (Table 2). The multivariate model for CSPCa was established including PSAD (P = 0.009) and mpMRI exam-
ination (P < 0.001) (Table 3). The multivariate models for PCa (AUC = 0.79, P = 0.003) and CSPCa (AUC = 0.84, 
P = 0.036) were significantly higher than mpMRI examination and other single parameters in diagnostic accuracy 
(Fig. 1).

Parameter

Overall Prostate cancers

Total PCa (n = 56)*
Non-PCa 
(n = 179)* Pa

CSPCa 
(n = 28)*

Non-CSPCa 
(n = 28)* Pb

Age (yrs) 66 (60–72) 70 (61–75) 65 (60–70) 0.052 66 (60–75) 71 (63–75) 0.231

tPSA (ng/ml) 7.3 (5.7–8.5) 7.5 (5.6–8.4) 7.2 (5.7–8.6) 0.824 7.8 (6.3–8.9) 6.7 (5.5–7.9) 0.225

fPSA (ng/ml) 1.02 (0.66–1.36) 0.97 (0.69–1.23) 1.04 (0.66–1.40) 0.633 0.97 (0.67–1.23) 0.96 (0.74–1.28) 0.935

PV (ml) 49 (33–71) 31 (26–50) 52 (37–73) <0.001 32 (26–49) 30 (24–64) 1.000

(f/t)PSA 0.15 (0.10–0.21) 0.15 (0.11–0.19) 0.15 (0.10–0.21) 0.764 0.13 (0.11–0.22) 015 (0.11–0.18) 0.818

PSAD (ng/ml2) 0.07 (0.05–0.11) 0.10 (0.07–0.15) 0.07 (0.05–0.10) <0.001 0.09 (0.08–0.15) 0.10 (0.06–0.15) 0.780

mpMRI, No. (%) <0.001 0.017

  Total 210 (100) 50 (100) 160 (100) 24 (100) 26 (100)

  Suspicious 40 (19) 19 (38) 21 (13) 13 (54) 6 (23)

  Equivocal 37 (18) 13 (26) 24 (15) 7 (29) 6 (23)

  Negative 133 (63) 18 (36) 115 (72) 4 (17) 14 (54)

Table 1.  Characteristics of clinical parameters for cases by pathological results with PSA level in the gray zone. 
*Data are presented as median (interquartile range) unless other indicated. Denominators for testing of fewer 
cases than full group are indicated. aThe P values are comparisons between PCa and non-PCa group. bThe P 
values are comparisons between CSPCa and non-CSPCa group. PSA: prostate-specific antigen; tPSA: total PSA; 
fPSA: free PSA; PV: prostate volume; f/tPSA: free PSA/total PSA; PSAD: PSA density; mpMRI: multiparametric 
magnetic resonance imaging; PCa: prostate cancers; non-PCa: non-prostate cancers; CSPCa: clinically 
significant prostate cancers; non-CSPCa: non-clinically significant prostate cancers.
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Using the same sensitivity for the multivariate model as the mpMRI examination to detect PCa, the multivar-
iate models would reduce the number of biopsies by 5% compared with mpMRI examination. Using the same 
specificity for the multivariate model as the mpMRI examination to detect PCa, the multivariate model could 
increase the number of diagnosed cancers by 4% compared with mpMRI examination.

Discussion
Prostate biopsy is the gold standard for PCa diagnosis. Despite the safety of this method, it remines controversial 
as an invasive mean that can come with physical and psychological distress for patients with PSA levels in the 
gray zone4. In our study, we assessed the performance of age, tPSA, fPSA, (f/t)PSA, PSAD, prostate volume, and 
mpMRI examination in predicting of PCa and CSPCa among patients with tPSA level in the gray zone. The study 
revealed that log-transformed PSAD, prostate volume, and mpMRI examination were independent predictors 
for both PCa and CSPCa. Additionally, we developed model based on clinical variables including mpMRI exam-
ination. The multivariate model outperformed mpMRI and other single clinical parameters in diagnostic of PCa 
and CSPCa. Use the multivariate model could reduce the number of prostate biopsies by 5% compared with the 
use of mpMRI examination.

PSA is one of the important biomarkers for detecting prostate cancer, guiding decisions about prostate biopsy, 
and offing a way to monitor disease progression4,15. Now PCa screening relies primarily on tPSA, fPSA, (f/t)PSA 
and digital rectal examination (DRE). PSA is a serine protease, which is highly tissue specific, but not cancer 
specific. The tPSA increases in PCa, as well as in prostatitis and prostatic hyperplasia16. The tPSA levels in PCa 
and benign prostatic hyperplasia overlap, in large part, at a range of 4–10 ng/ml17. Our study and other study also 
showed that the differences of tPSA level between PCa and non-PCa group were not significant among patients 
with tPSA in the gray zone18,19. PSA can be present in free and complexed forms in the serum. The concentra-
tion of fPSA is lower in cancer patients than in benign prostate hyperplasia10. The (f/t)PSA is helpful to distin-
guish early PCa from benign prostate hyperplasia. However, the differences of (f/t)PSA ratio were not significant 
between PCa and non-PCa group in some studies8. The inconsistent results of (f/t)PSA among studies may caused 
by the unstable of fPSA in serum8,9. These results may suggest that it is not robust to screen and diagnose PCa 

Parameter

Univariate analysis Multivariate analysis

OR (95 CI) P Coefficient OR (95% CI) P

Intercept NA NA 3.929 NA 0.157

Age (yrs) 1.04 (1.00–1.08) 0.025 0.051 1.05 (1.01–1.10) 0.017

tPSA (ng/ml) 1.03 (0.87–1.23) 0.723 −0.432 0.65 (0.46–0.91) 0.012

fPSA (ng/ml) 0.96 (0.61–1.52) 0.874 NA NA NA

PV (ml) 0.98 (0.97–0.99) 0.004 0.035 1.04 (1.01–1.07) <0.001

(f/t)PSA 0.31 (0.01–9.15) 0.497 NA NA NA

PSAD (ng/ml2) 2.81 (1.62–4.85)* <0.001 3.184* 24.2 (4.17–140)* <0.001

mpMRI1 7.52 (2.07–27.4) 0.002 1.560 4.76 (1.85–12.2) 0.001

mpMRI2 15.5 (4.70–51.3) <0.001 1.823 6.19 (2.56–15.0) <0.001

Table 2.  Uni- and multivariate logistic regression analysis for prediction of prostate cancers. PSA: prostate-
specific antigen; tPSA: total PSA; fPSA: free PSA; PV: prostate volume; (f/t)PSA: free PSA/total PSA; PSAD: 
PSA density; mpMRI: multiparametric magnetic resonance imaging; OR: odds ratio; CI: confidence interval; 
NA: not applicable; *Parameter was log-transformed; mpMRI1: equivocal VS negative; mpMRI2: suspicious VS 
negative.

Parameter

Univariate analysis Multivariate analysis

OR (95 CI) P Coefficient OR (95% CI) P

Intercept NA NA −0.805 NA 0.455

Age (yrs) 1.01 (0.97–1.06) 0.514 NA NA NA

tPSA (ng/ml) 1.15 (0.91–1.45) 0.237 NA NA NA

fPSA (ng/ml) 1.08 (0.61–1.93) 0.789 NA NA NA

PV (ml) 0.98 (0.96–1.00) 0.028 NA NA NA

(f/t)PSA 0.40 (0.00–34.5) 0.687 NA NA NA

PSAD (ng/ml2) 2.82 (1.41–5.60)* 0.003 1.113* 3.04 (1.32–7.04)* 0.009

mpMRI1 7.52 (2.07–27.4) 0.002 2.261 9.60 (2.52–36.6) <0.001

mpMRI2 15.5 (4.70–51.3) <0.001 2.709 15.0 (4.42–51.0) <0.001

Table 3.  Uni- and multivariate logistic regression analysis for prediction of clinically significant prostate 
cancers. PSA: prostate-specific antigen; tPSA: total PSA; fPSA: free PSA; PV: prostate volume; (f/t)PSA: free 
PSA/total PSA; PSAD: PSA density; mpMRI: multiparametric magnetic resonance imaging; OR: odds ratio; 
CI: confidence interval; NA: not applicable. *Parameter was log-transformed; mpMRI1: equivocal VS negative; 
mpMRI2: suspicious VS negative.
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in the gray zone based on (f/t)PSA. Our study also showed that tPSA, fPSA, and (f/t)PSA were not significant 
predictors for CSPCa.

In our study, the prostate volume was smaller among patients with PCa than those with benign prostatic 
hyperplasia, and larger prostate volume was associated with a lower positive biopsy rate. Previous studies also 
showed that the PCa detection rate in men decreased with increasing prostate volume20–22. The European 
Randomized Study of Screening for Prostate Cancer (ERSPC) conducted in 2010 and 2012 demonstrated the key 
role of prostate volume in the prediction of PCa23,24. Another clinical parameter, PSAD, was based on the idea 
that PCa secretes a greater amount of PSA into the blood per unit of prostate volume compared with benign pros-
tate hyperplasia. Several studies have confirmed the importance of PSAD in diagnosis of PCa25–27. These results 
are consistent with our results. Therefore, PSAD offers better guidance in the decision as to whether to conduct 
prostate biopsy when PSA levels are in the gray zone. In our study, prostate volume and PSAD were independent 
clinical parameters for predicting of PCa and CSPCa. However, the diagnostic accuracy of PSAD was low in pre-
dicting of PCa (AUC = 0.67) and CSPCa (AUC = 0.68).

In recent years, a growing body of literature has validated the clinical utility of mpMRI including T2-weighted 
imaging(T2WI), diffusion-weighted imaging(DWI) and dynamic contrast-enhanced(DCE) for the detection of 
CSPCa and to guide clinical decisions10,11. In addition, magnetic resonance spectroscopic imaging (MRSI) has 
demonstrated satisfactory performance in early-stage PCa detection through the analysis of three metabolites 
(choline, creatine, and citrate)15,16. However, the knowledge for the performance of mpMRI including T2WI, 
WDI, DCE, and MRSI, among patients with tPSA limited in the gray zone is limited. Our study evaluated the 
diagnostic accuracy of mpMRI in predicting of PCa and CSPCa. For PCa, the diagnostic performance of mpMRI 
(AUC = 0.69) was similar with prostate volume (AUC = 0.68) and PSAD (AUC = 0.67); for CSPCa, the mpMRI 
(AUC = 0.79) outperformed prostate volume (AUC = 0.69) and PSAD (AUC = 0.68). These results were in line 
with the findings that the mpMRI examination was more sensitive in detecting International Society of Urological 
Pathology (ISUP) grade ≥ 2 PCa than in detecting ISUP grade group 1 PCa13. Additionally, we found that only the 
mpMRI results between CSPCa and non-CSPCa groups were significant, while other clinical parameters includ-
ing age, tPSA, fPSA, (f/t)PSA, PSAD, and prostate volume, were not helpful in distinct CSPCa from non-CSPCa. 
A recent meta-analysis showed that the addition of the Prostate Imaging Reporting and Data System (PI-RADS) 
score increases the sensitivity and specificity of mpMRI for PCa diagnosis28. In our stuty, the mpMRI results were 
divided into three groups according to the reports: “negative”, “equivocal” and “suspicious” for the presence of 
PCa. The AUC of mpMRI was lower than that of the PI-RADS version 2 (PI-RADS v2) (0.794 for PCa, and 0.855 
for CSPCa) among patients with tPSA in the gray zone29. These differences further demonstrate that the PI-RADS 
v2 could be used as a reliable predictor of PCa and CSPCa among patients in the PSA gray zone.

Furthermore, we developed the multivariate models to predict PCa and CSPCa among patients in the PSA 
gray zone. The models outperformed mpMRI examination and other single clinical parameters for predicting 
PCa and CSPCa in our study. This indicated that the models could predict of PCa and CSPCa well, which pro-
vided a more certain way of predicting PCa, and guiding the clinical decisions. Several study also reported that 
combining mpMRI examination with other markers, such as PSAD1, prostate volume29, and the prostate cancer 
antigen 3 (PCA3) gene30,31, could improve diagnostic performance and avoid of unnecessary biopsy. Overall, our 
study will provide basis for establishing the clinical parameter-based diagnostic model of PCa and CSPCa among 
Chinese population. PCa genomic biomarkers is able to predict the likelihood of an initial positive biopsy; to 
reduce the number of unnecessary repeat biopsies, and to sub-stratify low-, intermediate-, and high-risk tum-
ors32. In the future, the multivariate model combining genomic marker and clinical parameters, should be devel-
oped to better identify PCa and avoid unnecessary invasive procedures.

Figure 1.  The comparison between mpMRI examination and the multivariate model in diagnostic efficacy.
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This study was subject to several limitations. First, this study was a single, tertiary-care institution study, 
and limited by the inherent drawbacks of its retrospective design. Second, the number of CSPCa with gray PSA 
value was small (n = 28). This may artificially inflate the statistical power of the multivariate analysis. However, 
this limitation applies to all other similar studies18,29,33. Third, we acknowledge that the inclusion of more clinical 
parameters, for example, DRE results, family history, and genomic marker may have augmented our prediction 
models and may be considered for future studies. However, the advantage of our study is its simplicity, which 
could facilitate it implementation in clinical practice.

Conclusions
Our study demonstrated that prostate volume, PSAD, and mpMRI examination were independent predictors of 
PCa and CSPCa among patients with tPSA in the gray zone. The multivariate models could be used as an aid to 
identify PCa and CSPCa among men in the PSA gray zone and reduce unnecessary biopsies without compromis-
ing the ability to diagnose PCa and CSPCa. Further prospective validation is required.

Participants and methods
Study population.  This retrospective study was approved by the review board at out institution. We iden-
tified 1227 patients underwent transrectal ultrasound (TRUS)-guided prostate biopsy between May 2014 and 
September 2018 at our hospital. Of these cases, 242 (19.7%) were patients with tPSA levels in the gray zone. Four 
cases of stromal sarcoma and three cases of mucinous adenocarcinoma were excluded leaving 235 patients. The 
enrolled patients were divided into two groups (PCa and non-PCa groups) according to pathological results. 
Non-PCa was defined by the absence of positive biopsy findings and included cases of benign prostatic hyperpla-
sia, prostatitis, prostatic hyperplasia, and normal prostate tissue with calcification. PCa was defined by prostate 
adenocarcinoma for any biopsy needle sample. CSPCa was defined by PCa with Gleason score ≥7.

Clinical parameters collection.  The clinical parameters consisted of age at prostate biopsy, serum tPSA and 
fPSA value, left-right diameter, anteroposterior diameter, and vertical diameter of prostate, and reports of mpMRI 
examination were extracted form clinical records. Serum tPSA and fPSA measured by immunofluorescence assay 
before prostate biopsy. Prostate volume was measured by using ultrasonography scanner (BK Medical, Denmark) 
or 3.0-T MRI system (SIEMENS, Germany) using the exact prolate ellipsoid formula: volume = left-right diam-
eter × anteroposterior diameter × vertical diameter × π/634. All prostate mpMRI examinations were performed 
using the 3.0-T MRI system. The mpMRI protocol fulfilled the guidelines of the European Society of Urology 
Radiology, and included T2WI, DWI, DCE perfusion imaging, and MRSI. The prostate mpMRI images were 
analyzed by two experienced radiologists. The mpMRI results were divided into three groups according to the 
reports: “negative”, “equivocal” and “suspicious” for the presence of PCa.

Prostate biopsy and pathological diagnosis.  All patients underwent transrectal ultrasound-guided 
systematic 12-point prostate biopsy5. If suspected malignant nodules, additional 1–5 needles were performed in 
regions with abnormal ultrasound echoes. Biopsy cores were analyzed according to the standards of the ISUP35.

Statistical analyses.  We described the profile of age, PSA derivates [tPSA, fPSA, PSAD, (f/t)PSA], prostate 
volume and mpMRI examination of enrolled patients by pathological diagnosis. The χ2 test or Fisher’s exact test 
was used to analyze categorical data. The Mann-Whitney U test was used to analyze ranked data. Student’s t test 
or ANOVA was used to analyze continuous data and the Bonferroni method for multiple comparisons was used 
if a significant difference between groups was noted. Multivariate logistic regression analysis with a stepwise 
strategy was used to develop models to predict PCa and CSPCa. The area under the ROC curve (AUC) was used 
to measure the diagnostic accuracy. Differences between the AUCs were compared using the method of DeLong 
et al. Data cleaning and analyses were conducted using R statistical software (Version 3.2.5).

Ethical statement.  The authors are accountable for all aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are appropriately investigated and resolved. The study was 
performed in accordance with the Declaration of Helsinki and all of the participants gave their informed consent.
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