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Simple Summary: Targeted biopsies of suspicious lesions detected in magnetic resonance imaging
are crucial to discover clinically significant prostate cancer, especially those corresponding to index
lesions. However, the optimal scheme for targeted biopsies remains unclear, despite the fact that a
two- to four-core scheme is usually recommended. Saturated biopsies of the prostate gland have
shown high efficiency in detecting significant PCa. In this article, we report a better efficacy for
mapping using a 0.5 mm core biopsy scheme than that using the two- to four-core scheme for
detecting clinically significant prostate cancer in magnetic resonance index lesions.

Abstract: Since the optimal scheme for targeted biopsies of magnetic resonance imaging (MRI)
suspicious lesions remains unclear, we compare the efficacy of two schemes for these index lesions. A
prospective trial was conducted in 1161 men with Prostate Imaging Reporting and Data System v 2.1
3–5 undergoing targeted and 12-core systematic biopsy in four centers between 2021 and 2023. Two-
to four-core MRI-transrectal ultrasound fusion-targeted biopsies via the transperineal route were
conducted in 900 men in three centers, while a mapping per 0.5 mm core method (saturated scheme)
was employed in 261 men biopsied in another center. A propensity-matched 261 paired cases were
selected for avoiding confounders other than the targeted biopsy scheme. CsPCa (grade group ≥ 2)
was identified in 125 index lesions (41.1%) when the two- to four-core scheme was employed, while
in 187 (71.9%) when the saturated biopsy (p < 0.001) was used. Insignificant PCa (iPCa) was detected
in 18 and 11.1%, respectively (p = 0.019). Rates of csPCa and iPCa remained similar in systematic
biopsies. CsPCa detected only in systematic biopsies were 5 and 1.5%, respectively (p = 0.035) in
each group. The saturated scheme for targeted biopsies detected more csPCa and less iPCa than did
the two- to four-core scheme in the index lesions. The rate of csPCa detected only in the systematic
biopsies decreased when the saturated scheme was employed.
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1. Introduction

Risk-stratified prostate cancer (PCa) screening, based on serum prostate-specific anti-
gen (PSA) testing and magnetic resonance imaging (MRI) scanning as a follow-up measure,
is currently recommended by the European Union [1]. This new paradigm of PCa screening
is focused on maximizing the early detection of clinically significant PCa (csPCa), while
minimizing the number of prostate biopsies and the over-detection of insignificant prostate
cancer (iPCa) [2–5].

The Prostate Imaging Reporting and Data System (PI-RADS) predicts the risk of csPCa
according to the imaging characteristics of lesions detected in MRI scans [6–8]. Men with
PI-RADS < 3 have a very low probability of csPCa, and consequently, in this case, prostate
biopsies can usually be avoided [9,10]. MRI can visualize most lesions containing csPCa,
reporting them as PI-RADS 3 to 5, with an intermediate, high, and very high-risk of csPCa,
respectively [11]. PI-RADS 3 is considered the gray zone of a PI-RADS score, since the
csPCa detection rate is 18.5%, with a 95% confidence interval between 16.6 and 20.3%, but
a range between 3.4 and 46.5% [12]. A significant contribution of MRI is the possibility of
conducting targeted biopsies for suspicious lesions through MRI-transrectal ultrasound
(TRUS) fusion images [13]. However, a small percentage of csPCa are not visualized in MRI
scans and are detected only in systematic biopsies, which is the reason why these biopsies
are still recommended [14].

The recommendation for changing the approach of prostate biopsies from the classic
transrectal to the transperineal route has reduced the infrequent but dangerous infectious
complications and the inappropriate use of antibiotics [15,16] accompanying this method.
It is known that a prostate biopsy scheme for avoiding the upgrading of csPCa in radical
prostatectomy specimens requires a mapping biopsy per 0.5 mm, with additional targeted
biopsies of suspicious lesions detected by MRI [17]. However, systematic biopsies com-
plementing targeted biopsies for suspicious lesions causes significant over-detection of
iPCa [18].

The currently recommended prostate biopsy scheme suggests obtaining a two- to
four-core targeted biopsy of suspicious lesions and a 12-core systematic biopsy [14,19–21].
However, the appropriate number of cores obtained from targeted biopsies remains unclear.
Two studies have examined the correlation between the PCa grade groups detected in
prostate biopsies and those observed in radical prostatectomy specimens, suggesting that
obtaining more cores from suspicious lesions reduces the likelihood of upgrading [22,23].
Other studies, conducted in men undergoing transperineal prostate biopsies, suggest the
improved detection of csPCa when a saturation scheme for targeted biopsies is employed;
however, the results are not uniform [24–27]. The potential of the index lesion, defined from
MRI as the largest lesion with the highest PI-RADS score, for defining the aggressiveness
of PCa is known [28–30]. However, an appropriate biopsy scheme for the index lesion
could minimized unnecessary biopsies from other areas of the prostate gland, as well as
systematic biopsies [31]. Mainly, the specifics regarding the differences between the two- to
four-core and the saturated scheme for targeted biopsies is the rationale of mapping each
0.5 mm, which has been shown to be the most appropriate scheme for avoiding upgrading
in radical prostatectomy specimens [13,22–27].

We hypothesize than the saturated scheme for targeted biopsies detects more csPCa in
the index lesions than does the recommended two- to four-core scheme. The objectives of
this study are to compare the rates of csPCa and iPCa detection in both targeted biopsy
schemes and to assess the rates of csPCa detected only in systematic biopsies.

2. Materials and Methods
2.1. Design, Setting, and Participants

A prospective non-randomized trial including 1161 consecutive men suspected of
having PCa, based on a serum PSA > 3.0 ng/mL, was conducted in four centers participa-
ting in the csPCa opportunistic early detection program of Catalonia (Spain) between 1
January 2021 and 30 June 2023. All included men exhibited PI-RADS v 2.1 lesions 3 to 5
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in pre-biopsy multiparametric MRI (mpMRI), undergoing targeted biopsy of suspicious
lesions and 12-core systematic biopsy. Three participant centers, always obtaining two- to
four-cores from each suspicious lesion, reported 900 cases, while 261 cases were reported
in another center, where a mapping per 0.5 mm core scheme was always employed. Due
to the possible influence on csPCa detection, men undergoing treatment with 5-alpha
reductase inhibitors and those with prior history of PCa, atypical small acinar proliferation,
or multifocal high-grade prostatic intraepithelial neoplasia were not included in this study.

2.2. Diagnostic Approach for csPCa Detection

MpMRI using a 3 Tesla scan was performed in each participant center using a pelvic
phased-array surface coil. The acquisition protocol included T2-weighted imaging (T2W),
diffusion-weighted imaging (DWI), and dynamic contrast-enhanced (DCE) imaging, ac-
cording to the guidelines of the European Society of Urogenital Radiology [6]. MpMRI
exams were reported by local expert radiologists using the PI-RADS v 2.1 [8]. Local experi-
enced operators performed prostate biopsies using the Koelis Trinity® hands-free MRI/TUS
prostate biopsy system (Koelis Inc., Grenoble, France) in the centers conducting targeted
biopsies with the two- to four-core scheme, while the Artemis® hands-free MRI/TUS
prostate biopsy system (Eigen Inc., Grass Valley, CA, USA) was used in the center perform-
ing the mapping per 0.5 mm core scheme. Experienced local uropathologists exa-mined
the biopsy material in each pathology department, reporting PCa using the International
Society of Urologic Pathology grade group (GG) classification. CsPCa was considered
when the GG was ≥2 [32]. Baseline characteristics of the study cohort are summarized in
Table 1.

Table 1. Characteristics of cohort study.

Characteristic Measurement

Number of men 1161
Median age, years (IQR) 67 (61–73)

Median serum PSA, ng/mL (IQR) 6.7 (5.1–9.9)
Abnormal DRE, n (%) 200 (25.8)

Median prostate volume, ml (IQR) 50 (36–70)
Prior negative prostate biopsy, n (%) 403 (34.7)

Family history of PCa, n (%) 96 (8.3%)
Median suspicious lesions, n (IQR) 1 (1–2)

Median length of suspicious lesions, mm (IQR) 11 (5–17)
Localization of the index lesion, n (%)

Peripheral zone 835 (71.9)
Central-transition zone 278 (23.9)

Anterior zone 48 (4.2)
PI-RADS score of the index lesion, n (%)

3 260 (22.4)
4 587 (50.4)
5 315 (27.1)

Median cores obtained in targeted biopsy, n
(IQR) index lesion, n (IQR) 3 (1–7)

Overall PCa detection, n (%) 815 (70.2)
csPCa 601 (51.8)
iPCa 241 (18.4)

IQR = interquartile range; n = number; PCa = prostate cancer; csPCa = clinically significant PCa; iPCa = insignifi-
cant PCa.

2.3. Variables in the Study and Outcome Variables

Age (years), first degree PCa family history (no vs. yes), type of prostate biopsy (initial
vs. repeated), serum PSA (ng/mL), DRE (normal vs. suspicious), MRI-prostate volume
(mL), PI-RADS score v 2.1 (3 to 5), size and localization of the index lesion, targeted biopsy
scheme (two- to four-core vs. mapping per 0.5-core) were predictive variables in the study.
Outcome variables were csPCa and iPCa detection.
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2.4. Statistical Analysis

Statistical analysis was conducted after harmonization of the anonymized datasets.
Data were prospectively collected and reported according to the Standards of Reporting for
MRI-Targeted Biopsy Studies (START) to describe the study population [33]. Quantitative
variables are described using medians and interquartile ranges (IQR: 25th–75th percentile),
while qualitative variables are described using numbers and percentages. Quantitative
variables were compared between groups using the Mann–Whitney U test. Qua-litative
variables were compared between groups using Pearson’s chi-square test. Relative risk
(RR) of csPCa and 95% confidence intervals (CI) were assessed. A logistic regression
analysis conducted for detecting independent predictive variables of csPCa, in addition
to the targeted biopsy scheme, showed that PI-RADS score, prostate volume, age, serum
PSA, location, and size of the index lesion were independent predictors of csPCa and were
potential confounders for csPCa detection (Table 2).

Table 2. Multivariate analysis searching confounder variables for csPCa detection in the index lesion,
in addition to the targeted biopsy scheme employed.

Predictive Variable Odds Ratio (95% CI) p Value

Age, Ref. year 1.061 (1.036–1.086) <0.001
Serum PSA, Ref. ng/mL 1.062 (1.027–1.099) <0.001

DRE, Ref. normal 1.154 (0.775–1.718) =0.481
Type of biopsy, Ref. initial 0.960 (0.695–1.429) =0.841
PCa family history, Ref. no 1.258 (0.749–2.111) =0.386
Prostate volume, Ref. mL 0.972 (0.065–0.979) <0.001

Number of suspicious lesions, Ref. one 1.387 (0.863–2.231) =0.177
PI-RADS score of the index lesion, Ref. 3 2.718 (2.032–3.365) <0.001

Size of the index lesion. Ref. mm 1.071 (1.030–1.113) <0.001
Localization of the index lesion, Ref. peripheral zone 0.611 (0.438–0.852) =0.004

Targeted prostate biopsy scheme, Ref. 2- to 4-core 2.137 (1.869–3.439) <0.001
CI = confidence interval; PSA = prostate specific antigen; DRE = digital rectal examination; PCa = prostate cancer;
PI-RADS = Prostate Imaging Reporting and Data System.

A randomized 1:1 matched group from all predictive variables was selected using the
R package matching v 4.10, a multivariate and propensity score matching software with
automated balance optimization (R Foundation for Statistical Computing, Vienna, Austria).
In a subset of 522 men, the two- to four-core scheme was employed, and the mapping per
0.5 mm core scheme was used in the other 261 men. Table 3 shows the sui-tability of this
matched paired group for analysis, since all baseline confounder characte-ristics for csPCa
detection were equally distributed in both study subsets. A p value of <0.05 was considered
statistically significant. The data were analyzed using the Statistical Package for the Social
Sciences (version 29.0; IBM Corp., Armonk, NY, USA).

Table 3. Baseline characteristics of the paired matched study group and a comparative analysis
between them, according to biopsy scheme applied for targeted biopsy of the index lesions.

Baseline Characteristic
Biopsy Scheme of the Index Lesion

p Value
Two- to Four-Core Mapping × 0.5 mm Core

Number of men, n (%) 261 (50.0) 261 (50.0) -
Median age, years (IQR) 67 (61–73) 67 (61–73) =1.000
Median serum PSA, ng/mL (IQR) 6.7 (5.0–9.6) 6.7 (5.0–9.6) =1.000
Abnormal DRE, n (%) 65 (24.9) 67 (25.7) =0.678
Median prostate volume, ml (IQR) 45 (33–62) 45 (33–62) =1.000
Prior negative prostate biopsy, n (%) 63 (24.1) 68 (26.0) =0.357
Family history of PCa, n (%) 30 (11.5%) 28 (10.7) =0.419
Median suspicious lesions, n (IQR) 1 (1–2) 1 (1–2) =1.000
Median length of the index lesion, mm (IQR) 12 (9–18) 12 (9–18) =1.000
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Table 3. Cont.

Baseline Characteristic
Biopsy Scheme of the Index Lesion

p Value
Two- to Four-Core Mapping × 0.5 mm Core

Index lesion localization, n (%)
Peripheral zone 179 (68.6) 179 (68.6) =1.000
Central/transition zone 62 (23.8) 62(23.8) =1.000
Anterior zone 20 (7.7) 20 (7.7) =1.000

PI-RADS score of index lesion, n (%)
3 71 (27.2) 71 (27.2) =1.000
4 118 (45.2) 118 (45.2) =1.000
5 72 (27.6) 72 (27.6) =1.000

Median number of cores in the index lesion, n
(IQR) obtained, n (IQR) 2 (1–3) 9 (5–12) =0.016

Overall PCa detection, n (%) 328 (63.9) 216 (82.7) <0.001
csPCa, n (%) 235 (45.8) 187 (71.6) <0.001
iPCa, n (%) 93 (18.1) 29 (11.1) =0.012

IQR = interquartile range; n = number; PI-RADS = Prostate Imaging Reporting and Data System; PCa = prostate
cancer; csPCa = clinically significant PCa; iPCa = insignificant PCa.

3. Results
3.1. Baseline Characteristics of the Study Population

The baseline characteristics of the propensity-matched group comprising 522 men,
including 261 men who underwent targeted biopsies employing the two- to four-core
scheme and 261 who underwent the mapping per 0.5 mm core scheme, were similar except
in regards to the median number of cores utilized in each targeted biopsy scheme, which
were 2 (IQR 1–2) and 9 (IQR 5–12), respectively (p = 0.016). The detection rate of PCa in the
index lesion and the 12-core systematic biopsies, according to the employed scheme, were
63.6 and 82.7%, respectively (p < 0.001), with 45.8 and 71.6% csPCa, and 18.1 and 11.1%
iPCa, respectively (p = 0.012), Table 3.

3.2. CsPCa Detection in the Index Lesions according to the PI-RADS Score and the Biopsy Scheme

Among 142 men with a PI-RADS score of 3, csPCa was identified in 13 of 71 (18.3%)
index lesions biopsied using the two- to four-core scheme, while in 26 of 71 (26.8%) when the
mapping per 0.5 mm core scheme was employed, with an RR of 1.298 (95% CI 0.824–2.045),
p = 0.158. Among 236 men with a PI-RADS score of 4, these rates were 47.4% and 87.3%,
respectively, with an RR of 2.286 (95% CI 1.802–2.900), p = 0.001. Among 144 men with a
PI-RADS score of 5, the rates were 77.8% and 90.3%, respectively, with an RR of 1.503 (95%
CI 1.079–2.094), p < 0.001 (Figure 1).
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Figure 1. CsPCa detection in the index lesion targeted biopsies, according to the employed two- to
four-core and mapping × 0.5 mm core schemes and the PI-RADS score.
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3.3. Detection of csPCa and iPCa in the Index Lesions, According to the Employed Biopsy Scheme
and Those Detected in Systematic Biopsies

Figure 2 summarizes the csPCa and iPCa detection in the targeted biopsies of the index
lesions and systematic biopsies, according to the employed targeted biopsy scheme. CsPCa
detection in the index lesions was 47.9% when two- to four-core scheme was applied, while
71.9% when mapping per 0.5 mm core scheme was used, with an RR of 1.616 (95% CI
1.366–1.913), p < 0.001. IPCa detected in the index lesions were 18.8 and 11.1%, respectively,
with an RR of 0.760 (9% CI 0.624–0.925), p = 0.006. The csPCa detection rates in systematic
biopsies, according to the biopsy scheme employed in the targeted biopsies, corresponded
to 28.0%, when the two- to four-core scheme was used, and 26.8%, when the mapping per
0.5 mm core scheme was employed, with an RR of 0.829 (95% CI 0.789–1.121), p = 0.228.
The IPCa detection rates in systematic biopsies were 19.2% and 21.5%, respectively, with an
RR of 1.191 (95% CI 0.940–1.909), p = 0.187.
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Figure 2. Detection of csPCa and iPCa in the index lesion targeted biopsies and the 12-core syste-matic
biopsies, according to the two- to four-core and mapping × 0.5 mm core schemes employed in the
targeted biopsies.

CsPCa was detected only in 12-core systematic biopsies in 5.0% of cases when the
two- to four-core scheme was applied in the targeted biopsies, while it decreased to 1.5%
when the mapping per 0.5 mm core scheme was employed, with an RR of 0.642 (95% CI
0.486–0.848), p = 0.213 (Figure 3).
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Figure 3. CsPCa detection in only the 12-core systematic biopsies, according to the two- to four-core
and mapping × 0.5 mm core schemes employed in the targeted biopsies.
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4. Discussion

The analysis of this prospective and multicenter trial was conducted in a propensity-
paired matched group to avoid the influence of existing confounder variables for csPCa
detection other than the targeted biopsy scheme. Our main findings were, (i) the csPCa
detection in the index lesions improved when the saturated mapping per 0.5 mm core
targeted biopsy scheme was employed, compared with the results for the currently rec-
ommended two- to four-core scheme; (ii) this improvement was observed in all PI-RADS
categories, although it was significant only in categories 4 and 5; (iii) the iPCa detection
rates in the index lesions decreased when the saturated scheme was employed, compared
with the results for the two- to four-core scheme; (iv) the percentage of csPCa detected only
in systematic biopsies decreased when the saturated scheme was employed compared to
the results for the two- to four-core scheme.

In 2013, the Ginsburg Study Group first proposed obtaining two to four cores in
targeted biopsies of suspicious lesions in MRI-TRUS fusion prostate biopsies conducted via
the transperineal route. This group also proposed at least 4-core biopsies of the anterior,
mid, posterior, and basal sectors of the right and left prostate lobules, resulting in 24 cores
for prostate glands of less than 30 mL, 32 cores for those of 30 to 50 mL, and 38 additional
cores for prostate glands of more than 50 mL [17]. In 2016, Radtke et al. observed that
the Ginsburg approach was able to identify 97% of csPCa detected in 120 radical prosta-
tectomy specimens, while only 79% of them were identified in systematic biopsies, and
88% were found in targeted biopsies alone [22]. In 2018, Calio et al. examined 122 men
who underwent targeted MRI-TRUS index lesion biopsies employing a two-core scheme
and 86 men who underwent a mapping per 0.6 mm core scheme. Additionally, all men
underwent a 12-core systematic biopsy. The authors observed a surgical specimen upgrad-
ing of 40.9% with systematic biopsies, 23.6% with two-core targeted biopsies, and 13.8%
with mapping per 0.6 mm core targeted biopsies [23]. Many studies have focused their
attention on the findings in the index lesions, due to its high predictive power for defining
PCa aggressiveness [28–30].

It is difficult to compare our results with those observed in previous reports due to
the variability of study designs. In 2020, Hansen et al. analyzed 487 men who underwent
transperineal MRI-TRUS prostate biopsies following the Ginsburg approach. Targeted
biopsies of suspicious lesions using the two-core scheme only detected 67% of csPCa. In
contrast, extended targeted biopsies obtaining two additional cores from sectors adjacent
to the index lesion detected 76% of csPCa, and targeted biopsies using a six-core scheme
detected 91% of csPCa [24]. This study suggested that obtaining more cores from targeted
biopsies of the index lesion improved csPCa detection. In 2021, Tschirdewahn et al. reported
a study conducted in 213 men who underwent targeted biopsies of suspicious MRI lesions,
employing the Ginsburg approach, between 2016 and 2018. Targeted biopsies were collected
using a four-core scheme. Targeted biopsies involved collecting 4 cores from suspicious
lesions and additional cores from adjacent sectors, and systematic biopsies obtained 9
to 10 cores. Targeted saturated biopsies detected 99% of 134 csPCa, while non-saturated
targeted biopsies detected 87%, and systematic biopsies detected 82% [25]. This study also
confirms that greater core obtention in targeted biopsies increases csPCa detection.

In 2023, Cetin et al. reported an analysis of 167 men in whom targeted biopsies
obtained two cores from the center of the suspicious lesions and two additional cores from
the periphery. One central core identified 65.6% of csPCa, two central cores identified 92.2%,
two central cores and one peripheral core identified 96.9%, and two central cores and two
peripheral cores identified 100% of csPCa. These authors concluded that the two central
cores scheme was sufficient to detect the vast majority of csPCa because the diffe-rence
between two and four cores was non-significant [25].

Finally, in 2023, Sanner et al. reported a prospective single-center trial randomizing
170 men who underwent transperineal targeted biopsy of suspicious lesions employing
a four-core scheme compared to targeted saturated biopsies using a nine-core scheme.
Both schemes were complemented with a 24-core systematic biopsy. Targeted biopsies
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detected 91.7% of csPCa, while targeted saturated biopsies detected 100%. Because this
difference was non-significant, the authors concluded that csPCa detection did not differ
between targeted and saturated targeted biopsies [27]. The results of this prospective
and randomized trial contradict the previous retrospective study reported by the same
authors [24]. A recently reported study has noted the importance of only biopsying the
index lesion with an appropriate scheme for avoiding targeted biopsies of secondary lesions
and systematic biopsies [31]. Additionally, our results suggest that saturated targeted
biopsies reduce the rate of csPCa detected only in systematic biopsies. This finding requires
confirmation in additional studies.

Our study is limited by its non-randomized design, although the propensity-matched
paired group selection minimized the effect of confounder variables for csPCa detection.
The utilization of different devices for MRI-TRUS biopsies and the level of experience of the
surgeon performing the two different types of prostate biopsies can influence the results, as
can the inter-variability between pathologists. The csPCa outcome va-riable detected in
prostate biopsies does not represent the true csPCa detected in the radical prostatectomy
specimens. Since we decided to conduct this study using the index lesions, a limitation
exists in regards to recommending the saturated targeted biopsy scheme for all suspicious
lesions. A limitation exists for recommending a prostate biopsy approach based only on a
saturated targeted scheme of the index lesion, since the current knowledge suggests the
importance of perilesional biopsies for avoiding ipsilateral systematic biopsies [34–37].

One of the strengths of this study is that it is conducted using matched pairs of
men suspected of having PCa in order to avoid the influence of confounders for csPCa
detection. One of the study’s weakness is that it is retrospective, with a non-randomized
design. However, new evidence is generated for recommending saturated targeted biopsies,
possibly without systematic biopsies, if perilesional biopsies are obtained. Well-designed
prospective and multicenter randomized trials identifying the most effective and least
aggressive prostate biopsy scheme for transperineal prostate biopsy are needed for maxi-
mizing the detection of csPCa, minimizing the over-detection of iPCa, and reducing prostate
biopsy site effects.

5. Conclusions

Saturated targeted biopsies, using a mapping per 0.5 mm core scheme, were able to
detect more csPCa and less iPCa than the recommended two- to four-core scheme in the
index lesions. This advantage was particularly notable in individuals with PI-RADS scores
above 3. The rate of csPCa detected only in 12-core systematic biopsies decreased when the
mapping per 0.5 mm core scheme for targeted biopsies was employed.
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