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External validation of prostate health index-based nomogram for
predicting prostate cancer at extended biopsy

Excrepna Banumannja HOMOrpaMa 3aCHOBaHMX Ha MPOCTaTa 3IpaBCTBEHOM
UHJICKCY y MPEAUKIN]U KaplIMHOMA MPOCTaTe MPH MPOLIUPEHO] OUOTICH]H

SUMMARY

Introduction/Objective Prostate Health Index (PHI)-
based nomograms were created by the Lughezzani et
al. and Zhu et al. for predicting prostate cancer (PCa)
at extended biopsy. The aim of the study was to
externally validate two nomograms in Serbian
population.

Methods This retrospective study comprised 71
patients irrespective of digital rectal examination
(DRE) findings, with prostate-specific antigen level
<10 ng/ml, who had undergone prostate biopsies, and
PHI testing. Data were collected in accordance with
previous  nomograms  predictors.  Independent
predictors were identified by using logistic regression.
The predictive accuracy was measured by the area
under the receiver operating characteristic curve
(AUC). The calibration belt was used to assess model
calibration. The clinical utility was measured by using
decision curve analysis (DCA).

Results There were numerous , differences in
underlying risk factors between validation dataset and
the previously available data. Analysis demonstrated
that the DRE and PHI were independent predictors.
AUCs for both nomograms, in patients with normal
DRE had shown to have a good discriminatory ability
(77.2-86.2%). In the entire population AUC of
nomogram had exceptional discrimination (92.9%).
Zhu et al. nomogram is associated with lower false
positive predictions. The calibration belt for Zhu et al.
nomogram was acceptable. Our DCA suggested that
both nomograms are likely to be clinically useful.
Conclusion We performed external validation of two
PHI-based nhomograms predicting the presence of PCa
in both the initial and the repeat biopsy setting. The
PHI-based nomograms displayed adequate accuracy
and justifies its use in Serbian men.
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CAXKETAK

Yeoa/Llusw Jlyrenanu ca capagnundma # Ky ca
capaJHHIMMa Kpeupain cy HOMOTpaMe 3aCHOBaHE Ha
IIpocrara  3apaBcTBeHOM  HHAEkcy  (PHI) vy
npensuhamy KaprumaoMma — mpoctrate (KII)  mpm
npomupenoj ouorncuji Lnse cTyamje je ga eKcTepHO
BaIMANpPa OBE HOMOTpame y CpIicKOj MOy IaIyju.
Metoae OBa pETPOCHEKTHUBHA CTyAWja YKIJbY4MiIa je
71 OonecHHKA, ‘HE3aBUCHO OJf TUTHTOPEKTATHOT
Hajasza, ca CCPYMCKHM HHBOOM  CHCIU(BHUYHOT
anrurera npocrare (IICA) mamum ox 10 Hr/mi, xox
KOJUX Je .yuumbeHa Ouorncuja mnpocrare, u PHI
TecTupawe. [IpuKynbaHu Cy MOAamd O IMPETXOIHO
gepuHUCAaHMM TpEeIUKTOpUMa Yy  HOMOTpaMHMa.
Kopmmhena  je  jormctmuka — perpecwja  3a
uAeHTH(UKANN]Y HE3aBHCHHUX MIPEANKTOPA.
IMpeankTHBHA TaYHOCT MPOLEHEHA j& TOJHEM HCIOA
ROC «puBe (AUC). Kanubpauuja HOMOrpama
MpOIeHeHa je KaTuOpamuoHUM TojacoM. KimHmdka
KOPHCHOCT  je  TpOLCHhEHAa  aHalM30M  KpHBE
oxnyunBama (DCA).
Pesynratu Ilocrojaie cy OpojHe pasziuke Yy
npenucrnonnpajyhum  QgakropuMa  pu3MKa  Haiile
BaIMJAIMOHE 0aze  mojaraka ca  HPETXOAHO
nyOJMKOBAaHMM TMOJalliMa U3 KOjUX CY U3BEISHU

HOMOrpamMH. AmHanW3a je mokasama Ja  cy
JTUTUTOPEKTATHA HaJia3 51 PHI HE3aBUCHH
npeaukrtopu. Kox  OojecHuka ca  HOPMAJIHUAM

murutopektaranM Hamazom AUC 3a o6a HOMoOrpama
Cy mokazajia J100py JUCKPHMHHAIMOHY CIIOCOOHOCT
(77.2-86.2%).Y uemoj momynamuju AUC HOMOTrpama
mokKasao je wu3y3erHy muckpumuHaimjy (92.9%).
Homorpam XXya u capagHuka je TOBE3aH ca Mambe
JAKHO TO3WTHBHMX npeauknuja. KammOpannonn
mojac 3a HoMmorpam JKya u capamHuka Ouo je
npuxBaruB. Hamma DCA ykasyje ma oba HOMOrpama
MOTY OUTH KJIIMHWYKH KOPHCHA.

3akspyuyak CripoBe/ieHa je eKCTepHa BajMJaluja J1Ba
HOoMorpama 3acHoBaHMX Ha PHI koju mnpensubajy
npucyctBo KII mpu MHUNMjaTHO] WIIM TIOHOBJHEHO]
6uorncuju. Homorpamu 3acHoBann Ha PHI moxaszanu
Cy noOpy TayHOCT M ONpaBjaBajy yIOTpeOy Ko
CPIICKHMX MYyIIKapana.

KbyyHe  peum:kapiuHOM  IIpocrare;
IpocTaTe;  eKCTepHa  BalMIalMja;
IIpocTaTa 31paBCTBEHH HHJIEKC;

Ouoricuja
HOMOTpam;
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INTRODUCTION

Prostate cancer (PCa) is the most prevalent cancer among male population in Europe
and the sixth main cause of mortality due to cancer in men worldwide [1]. Contemporary
guidelines recommend ten to twelve core systematic transrectal-ultrasounds (TRUS)—guided
prostate needle biopsy for early discovery of PCa [2]. Due to lack of specifity common risk
factors and treatment complications with prostate biopsy, several prediction tools were
introduced to assist with the identification of those at highest risk of detecting PCa on

prostate needle biopsy and avoid unnecessary biopsies.

Several nomograms have been developed to predict individual PCa outcomes that range
from biopsy outcome prediction in men at risk of PCa through prediction of increase in
Gleason score grade between biopsy and radical prostatectomy pathology to prediction of
specific direction and location of extracapsular invasion at RP and mortality rate from
hormone-refractory PCa [3]. The predictive accuracy of the nomogram extended from 73% to
76% in prediction of PCa detection. Furthermore, compared to extended biopsy schemes,
earlier predictive nomograms.(sextant biopsy) are less accurate in predicting the chance of
PCa [4]. Discrepancies indisease risk factors may influence the performance of nomogram.
Hence, they have to be approved before using in a specific geographic region and in
contemporary patients. If a predictive tool is used for a population that differs from the one
used for its development, it should be externally validated so that it can provide general and

clinical appropriateness. In addition, nomograms should be reassessed regularly [5].

Recent studies have shown that Prostate Health Index (PHI), precursor PSA isoform
[—2]proPSA (p2PSA) derivative, may increase our capability to discriminate patients with
and without PCa independently or in models [6-9]. Recently developed PHI-based nomorams

[10, 11] incorporated several traditional PCa factors, along with PHI.

Based on these considerations, the aim of the study was to externally validate two
published PHI-based nomograms for predicting individual risk for PCa at extended biopsy
within a Serbian population and compare their predictive accuracy.

DOI: https://doi.org/10.2298/SARH181226107S Copyright © Serbian Medical Society
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METHODS
Patient population

We validated two published PHI-based nomograms using patients who had undertaken
TRUS-guided prostate biopsies and p2PSA testing, between May 2017 and December 2017
at Clinical Centre Kragujevac in accord with standards of the institutional committee on
ethics. Inclusion criteria were PSA level <10 ng/ml and at least 10 core biopsies-undergone.
This retrospective study comprised 71 patients irrespective of DRE findings. The-study was
permitted by the institutional review boards (01/17/2608). Patients with incomplete data,
acute bacterial prostatitis and patients who had undergone previous endoscopic surgery of the
prostate were excluded as well as those being treated with dutasteride or finasteride. Patients
with chronic kidney disease, hemophilia or previous polytransfusion were also excluded, as
these conditions may change the concentration of p2PSA. Data were collected regarding the
candidate predictors in accordance with-previous nomograms. The Zhu et al nomogram [11]
is based on three criteria: age, prostate’ volume (PV) and PHI; the Lughezzani et al.
nomogram [10] was constructed using the following predictors: age, DRE, PV, biopsy history
and PHI.

At presentation, blood samples were drawn prior to biopsy and any prostate
manipulation using regular methods and were processed and frozen at —70°C within 8 hours
for future’ analysis. Samples were defrosted and analysed for tPSA and [-2]proPSA
simultaneously using UniCelDxI 600 Access Immunoassay System, Beckman Coulter, USA.
The equation (p2PSA/fPSA)*VPSA was used to calculate PHI.

DRE were done by an urologist on all patients. The DRE was assigned as normal, or
suspicious/positive. In order to gain ultrasound data and prostate biopsy, Toshiba (Aplio 300)
ultrasound device with 5-10-MHz probe was used. Prostate volumes were calculated by
measuring the gland in three dimensions, and using the following formula: 0.52 [length (cm)
x width (cm) x height (cm)]. TRUS-guided prostate biopsies were performed according to a
standardized extended scheme. After obtaining a median of twelve core biopsies (range, 10 to

12 cores), it was assessed by local pathologists.

DOI: https://doi.org/10.2298/SARH181226107S Copyright © Serbian Medical Society
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Statistical analyses

Descriptive statistics was used for predictor variables. Univariate and multivariate
logistic regression analyses with Backward—Wald stepwise were used in order to identify and
quantify the independent predictors of PCa. The results were expressed in odds ratios (ORS)
with 95% confidential interval (CI).

For patients with a normal DRE the probability of PCa was calculated according to
Lughezzani et al. and Zhu et al. PHI-based nomogram and compared with their outcome and
for the entire population with a suspected and nonsuspected DRE, only the Lughezzani et al.
nomogram was aplied. We assigned the points of each attribute of the patient by drawing a
vertical line from that variable to the points’ scale, then, sum”all the points, and draw a
vertical line from the total points scale to obtain the probability of PCa. The predictive
accuracy (c-index) was measured by the area under the receiver operating characteristic curve
(AUC). We calculated AUC analysis and the Brier score for each nhomogram, and compared
AUCs by the DelLong test. The Hosmer—Lemeshow (HL) goodness-of-fit statistics was used
to assess model calibration and we also plotted a calibration belt [12]. The calibration belt is a
fitted polynomial logistic function curve between the logit transformation of the predicted
likelihood and result with surrounding 80% and 95% CI [13]. We also compared the
specificities of PHI-based nomograms at 90% sensitivities using a bootstrap based method
[14]. By using decision curve analyses (DCA), clinical usefulness was assessed [15]. All
analyses were performed using SPSS version 23.0 (SPSS Inc., Chicago, IL) or STATA
version 13.0 (STATA Corp., TX, USA). Statistical significance was set at p < 0.05.

RESULTS

Table 1 represents the features of the patients used for each PHI-based nomogram and
our validation cohort. Comparison between our validation dataset and the previously
published data has shown numerous differences in underlying risk variables. The mean age
was similar in all cohorts. Except disparity in study period, the proportion of men manifested
with suspicious findings on DRE was also different (17.7% vs. 28.2%, P=0.044), while Zhu
et al. included only patients with normal DRE. Chinese men had significantly smaller
prostate glands (p<0.001), the lowest p2PSA value and the lowest detection rate. Similar to

our validation cohort Lughezzani et al. included both initial and repeat biopsy, while Zhu et
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al. nomogram was confined to initial biopsy. There was a notable difference between the
original cohort and the validation cohort in regard to repeated biopsies (p=0.01). Our patients
had significantly lower tPSA comparing to Chinese men (p<0.001). The highest median value
of PHI was established in the European cohort.

The univariate logistic regression has shown that all of variables with the exception of
biopsy history were significant predictors of PCa. However, only DRE and PHI sustained

their prognostic significance during multivariable analyses (Table 2).

AUC for both nomograms, in patients with normal DRE showed to have a good
discriminatory ability (77.2-86.2%) (Figure 1, Table 3), and in_pairwise comparison of ROC
curves the difference between areas of Zhu et al. and Lughezzani et al. homogram (9%) was
nonsignificant (p = 0.229). In the entire population, AUC of nomogram had exceptional
discrimination (92.9%), and their predictive accuracy was not significantly lower (p = 0.312)
comparing to patients with normal DREAll HL tests had p value higher than 0.05, indicating
that there are no significant differences between the observed and expected outcomes and
consequently all models suggest good overall calibration. The better (lower) value of Brier
score was for nomogram by Zhu et al.

Figure 2 presents both-nomograms calibration belt as related to the external validation
dataset, in patiens with normal DRE (Figures 2a and 2b), and in the entire population (Figure
2¢). The predicted probability of the previously reported nomograms is represented on the x-
axis, and the actual proportion of biopsy-proven PCa is represented on the y-axis. The
calibration belt for Zhu et al. nomogram was acceptable only, and showed deviations
irrelevant from ideal calibration (Figure 2b). Conversely, for Lughezzani et al. nomogram the
calibration curve calibrates poorly in all risk range, in the entire cohort (Figure 2c), and
overestimated PCa in the first three risk deciles, in patients with normal DRE (Figure 2a).

In patients with normal DRE, at a 90% sensitivity, the specificity of the Zhu et al.
nomogram (88.4%) was significantly higher (p = 0.011) than the specificity of the
Lughezzani et al. nomogram (66.5%). This phenomenon indicates that Zhu et al. nomogram

is associated with lower false positive predictions.

Figure 3 shows the results of the DCA. All biopsy strategies suggest that if all patients
are biopsied, all will avoid an unfavorable outcome. If the risk is higher than 8% and if

patients agree to undergo further intervention, our DCA suggested that both nomograms have
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a chance to be suitable for that. However, Zhu et al. nomogram (green line) lead to the higher
net benefit compared with Lughezzani et al. nomogram (purpure line) in various threshold
probabilities above approximately 18% (Figure 3a). However, their curves are partly
overlapping. The reduction in the number of avoidable biopsies per 100 patients is net of
false negatives, without a decrease in the number of patients with PCa who duly have PCa.
Also, in this case, Zhu et al. nomogram(green line) outperformed Lughezzani et al.
nomogram (purpure line) above approximately 18% (Figure 3c). For example, ‘at a
probability threshold of 20%, the use of the Lughezzoni et al and Zhu et al. nomogram
decreases the number of avoidable biopsies by about 45 and 55 per 100 patients, respectively,

without missing any of PCa.

DISCUSSION

Various methods have been suggested to determine the likelihood of PCa, which may
decrease the amount of avoidable prostate biopsies in near future. We assessed the
performance of an earlier developed PHI-based nomogram by studying three aspects of
validity: discrimination,-calibration-and clinical usefulness. In the present population, our
external validation results validated a proper precision of the previously developed
nomograms for predicting the likelihood of PCa in the initial and repeat biopsy setting. The
superior diagnostic value of Zhu et al. nomogram over Lughezzani et al. nomogram was
evidenced in patients-with normal DRE. The clinical benefit of the PHI-based nomograms
was additionally confirmed by DCA. These results suggest that peviously developed
nomograms may help clinicians and patients to make evidence-based choices for prostate

biopsy based on patients’ individual conditions.

Previous existing nomograms have established criteria associated with higher risk of
PCa in the initial and repeat biopsy setting. They included age [4, 10, 11, 16-23], race [22],
digital rectal examination [4, 10, 16-22], total PSA [4, 16-23], percent free PSA [4, 16, 18-
21], prostate volume [10, 11, 17, 20-22], PSAD [19, 23],hypoechoic lesions on ultrasound
[19, 21], biopsy history [10, 23], family history [22], PHI [6-8, 10, 11], PHI density [9],
Prostate Cancer gene-3(PCA3) [22] and magnetic resonance imaging (MRI) [23]. Despite
several variables having shown statistically significant prediction value in the univariate

analysis, only few sustained their independent value in the multivariate analysis. According
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to the analysis, encouraging prediction of PCa is possible on the basis of DRE and PHI. Our
findings were in accordance with earlier studies that PHI, as part of a multivariable approach,

was the most accurate in predicting PCa at initial and repeat biopsy [6, 8].

Earlier developed predictive models or nomograms (sextant biopsy) are less precise in
predicting the likelihood of PCa on initial biopsy [4]. Extended biopsy schemes changed the
rate of PCa detection as well as the capability of typical risk factors, such as percent free
PSA, to predict the likelihood of PCa on needle biopsy. Futhermore, concept of sampling
density supported the idea to increase the number of core biopsies in order to improve the

diagnostic yield [4].

The earlier developed PHI-based nomograms verified their capability to determine the
presence of PCa at biopsy in their original cohort [10, 11]. Validation on diverse external data
sets allows for assessment of the generalizability of the prediction tool to wider population
than originally stated. Additionally, it is generally believed that external validation is more
reliable then internal validation for prediction madels, since it is insisting on transportability
rather than reproducibility [24]. We are not the first researchers to carry out a validation
between different PHI-based nomograms. When the nomogram applied to five external
validation populations from European tertiary care centers, its yielded moderate predictive
accuracies-of 75.2% [5]. In our study we found that the accuracy was better (77.2-92.9) than
the accuracy of many.earlier ones (70-77%) which externally validated different nomograms
[4,16, 20, 22].

Calibration is one of the crucial features of every predictive model. Unfortunately,
using the traditional approach of calibration (HL test, calibraton plot), still shows several
limitations. The traditional plot is not supplemented by any data on the statistical significance
of deviations from the bisector [12]. On the other hand, the calibration belt is providing
information on the direction, extent, and risk classes affected by divergences between the
observed and predicted PCa [13]. In the analysis, only Zhu et al. nomogram had acceptable
calibration. This is probably due to varieties between populations. Exept disparity in study
period, there were significant dissimilarities between the original and the validation cohort
which include inclusion critera (variety of PSA ranges, DRE findings), the incidence of PCa,
proportion of men presenting with doubtful findings on DRE, prostate volume, tPSA, p2PSA,
PHI and biopsy history. It indicates that certain patient characteristics are the difference in

distribution between the validation sample and the development sample. It is questionable
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whether perfect calibration could be achieved in practice by any model. Also, time variation
may be a potential explanation why the previous models are not considered to be better than
the recent ones. Although these differences most likely affect our calibration of PCa, they
allow validity, and maybe generality, of a model to a more diverse and various populations.
We also consider models originated from a specific country more convenient for’local
utilization [21].

In our DCA we confirmed clinical uselessness of these PHI-based nomograms. We also
identified range of threshold probabilities (<10%) in which nomograms were of value. In
patients with normal DRE, Zhu et al. nomogramlead to the higher net benefit compared with
Lughezzani et al. nomogramin various threshold probabilities above approximately 18%.
Futhermore, Zhu et al. nomogram is associated with lower false positive predictions, when
specificity is observed at fixed sensitivity. Superiority of Zhu et al. nomogram could be partly

explained by its derivation from men with normal DRE.

The most significant limitation of this study is small validation cohort from a single
institution. The differences in population characteristics for both nomograms development
and the validation cohort were the next difficulty. Furthermore, regardless of the use of a
standardized comprehensive biopsy scheme, the PCa discovery rate may have been
dissatisfactory in. some of these patients. Lastly, diagnostic imaging is turning into an
essential element of prostate cancer diagnosis. Multiparametric MRI is helping clinicians
with new information to better guide prostate biopsies [23]. However, we have shown that the
nomogram remains highly predictive even in the different population and may be a
significant tool to help clinicians in discriminating between patients with and without PCa.
Nevertheless, when making decision about carrying out prostate biopsy we should consider
multiple factors, including the patient’s life expectancy, co-morbidity, and preference apart
from risk of PCa. Secondary, it is also important to notice that clinicians could have lack of
enthusiasm to use predictive tools. A United States survey has shown that only 35.5% of
radiation oncologists and urologists currently use a decision aid in clinical practice. [25]. We
believes that there was no similar nomogram that has been developed or validated in Serbian

population.
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CONCLUSION

In our study, we performed external validation of two PHI-based nomograms predicting
the probability of PCa in both the initial and the repeat biopsy setting. The PHI-based
nomogram displayed adequate accuracy and calibration properties. The satisfying

performance of the nomograms in the validation cohort justifies its use in Serbian men.
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Table 1. Descriptive characteristics of the study population used for previous PHI-based

nomograms and our external validation cohort

Characteristics Lughezzani etal. Zhuetal Validation cohort
nomogram nomogram
. July 2010 — July April 2012 — May 2017 —

Study period 2011 August 2014 | December 2017
Patients, n 729 347 71
DRE, suspicious n (%) 129 (17.7) 0(0) 20 (28.2)
PCa, n (%) 280 (38.4) 52 (15%) 23(32.4)
Age, yr mean £ SD/median 643+78 64 (21) 643 +54
(range) T Y
gg:%eF)’SA’ ng/ml median 6.39 (0.5-19.9) 6.89/(3.09) 5,06 (2.03-9.85)
Prostate volume, ml median
(range/IOR) 58 (9-230) 40 (23.4) 50 (18-128)
p2PSA, pg/ml, median B B
(range/IOR) 16.4 (0.1-137) 13(10) 14.3 (3.2-34.2)
PHI, median (range/IQR) 41.2 (6:5-192.8) 32.7 (19.9) 33.3 (14.2-135.4)
Previous biopsy, n (%) 244 (33:5) 0(0) 10 (14.1)
Number of biopsies, n >12 > 10 >10

DRE — digital rectal examination; PCa — prostate cancer; PHI — prostate health index; PSA —

prostate-specific antigen; p2PSA — precursor PSA isoform; SD — standard deviation;
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Table 2. Logistic regression analyses of previous nomogram predictors for prostate cancer

detection in our validation cohort

Characteristics Univariate analysis Multivariable analysis

OR (95% CI) P OR (95% CI) P
Age 1.105 (1.001-1.220) | 0.048
DRE 16.125 (4.562-56.990) | 0.000 | 7.859 (1.193-51.786) . | 0.008
tPSA 1.409 (1.084-1.832) | 0.010

Prostate volume | 0.963 (0.934-0.994) | 0.018

Biopsy history | 0.258 (0.065-1.027) | 0.055

p2PSA 1.132 (1.052-1.218) | 0.001

PHI 1.130 (1.068-1.195) | 0.000 | 1.126 (1.052-1.206) | 0.001

DRE - digital rectal examination; CI — confidential interval; OR — odds ratio; PHI — prostate

health index; p2PSA — precursor PSA isoform; tPSA —total prostate-specific antigen
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Table 3. Predictive accuracy of different nomograms

15

Predictive accuracy

Lughezzani et al.

nomogram

Zhu et al.
nomogram

DRE Unsuspicious

AUC (95% CI)

86.2 (73.6-94.2)

77.2 (63.3-87.8)

HL test ¥%, p value 11.62, 0.169 1.29, 0.257
Calibration belt, test statistic, p 5.91, 0.015 1.10, 0.294
value
Brier score 0.111 0.094

DRE Unsuspicious/suspicious

AUC (95% CI)

92.9 (86.9-98.8)

HL test ¥, p value 7.39, 0.495
Calibration belt, test statistic, p 9.27. 0.002
value
Brier score 0.116

AUC — area under the receiver operating characteristic curve; ClI —confidential interval; DRE

— digital rectal examination; HL — Hosmer—Lemeshow test; %>— chi squared test
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Table 4. Estimated specificity at fixed sensitivity of 90% for different nomograms and

number of avoided biopsies versus the proportion of missed prostate cancer

Characteristics Lughezzani et al. nomogram Zhu et al. nomogram
e Biopsy : e Biopsy .
e Specificity Missed | Specificity Missed
Sensitivity (90% spread spread
y (90%) (95% CI)? FZ% | %) | (95% CI)? Fé% ) (%)
. 66.5 (49.3- 88.4 (76.7—
DRE Unsuspicious 85.8) 58 10 95.4) 76 10
DRE 81.9 (54.2— 59 10
Unsuspicious/suspicious 97.9)

DRE - digital rectal examination;

4BC, bootstrap interval (1,000 iterations)
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Figure 1. Receiver operating characteristic curve analyses of PHI-based nomograms in: a)
patients with normal digital rectal examination; b) the entire validation cohort
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Figure 2. Calibration belt for the PHI-based nomogramsat two confidence level: a) Lughezzani et al. nomogram in patients with normal digital
rectal examination; b) Zhu et al. nomogram in patients with normal digital rectal examination; c) Lughezzani et al. nomogram in the entire
validation cohort; the degree of the polynomial, the Wald statistics results and the number of patients are given in the upper-left quadrant;

confidence intervals: 80% (light gray area) and 95% (dark gray boundaries)
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Figure 3. Decision curve analysis of the effect of PHI-based nomogram on the detection of prostate cancer: a) in patients with normal digital

rectal examination; b) the entire population; c) net reduction in interventions per 100 patients is plotted against various threshold probabilities;

net benefit is compared with ‘Biopsied for all’ strategy and ‘Biopsied for none’
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