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PURPOSE

We aimed to investigate the efficiency and cancer detection of magnetic resonance imaging
(MRI) / ultrasonography (US) fusion-guided prostate biopsy in a cohort of biopsy-naive men
compared with standard-of-care systematic extended sextant transrectal ultrasonography
(TRUS)-guided biopsy.

METHODS

From 2014 to 2016, 72 biopsy-naive men referred for initial prostate cancer evaluation who under-
went MRI of the prostate were prospectively evaluated. Retrospective review was performed on 69
patients with lesions suspicious for malignancy who underwent MRI/US fusion-guided biopsy in
addition to systematic extended sextant biopsy. Biometric, imaging, and pathology data from both
the MRI-targeted biopsies and systematic biopsies were analyzed and compared.

RESULTS

There were no significant differences in overall prostate cancer detection when comparing
MRI-targeted biopsies to standard systematic biopsies (P = 0.39). Furthermore, there were no
significant differences in the distribution of severity of cancers based on grade groups in cases
with cancer detection (P = 0.68). However, significantly fewer needle cores were taken during
the MRI/US fusion-guided biopsy compared with systematic biopsy (63% less cores sampled,
P <0.001)

CONCLUSION

In biopsy-naive men, MRI/US fusion-guided prostate biopsy offers equal prostate cancer detec-
tion compared with systematic TRUS-guided biopsy with significantly fewer tissue cores using
the targeted technique. This approach can potentially reduce morbidity in the future if used in-
stead of systematic biopsy without sacrificing the ability to detect prostate cancer, particularly in
cases with higher grade disease.

rostate cancer remains the most common noncutaneous cancer diagnosis in Amer-

ican men. There is an estimated 180 890 patients diagnosed each year in the United

States and a corresponding 9% cancer mortality (1). Soon after its discovery, pros-
tate-specific antigen (PSA) became the most common test used in the algorithm of pros-
tate cancer screening (2). Historically, standard practice for diagnosis of prostate cancer has
been to perform a systematic 12-core, extended-sextant biopsy using transrectal ultraso-
nography (TRUS) guidance in patients with an elevated PSA. However, in 2012, the United
States Preventive Services Task Force (USPSTF) made a recommendation against the use of
widespread PSA screening. This was in part due to the morbidity associated with diagnos-
ing and subsequently definitively treating cases of clinically-insignificant prostate cancer.
This has led to a change in the demographics and level of prostate cancer aggressiveness
detected in recent years (3).

As widespread PSA screening alone is no longer considered adequate and widely imple-
mented into routine primary care cancer screening, adjunct measures have been studied
for improving the screening and diagnosis of prostate cancer. Notable amongst these ad-
juncts is prostate multiparametric magnetic resonance imaging (MRI). The use of MRI find-
ings in combination with serum PSA assessment has improved sensitivity and specificity
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in detecting clinically-significant prostate
cancer (4-6). MRI/US fusion-guided biopsy
has been shown to detect more cancer per
biopsy core for lesions suspicious on MRI
(7, 8). In addition, MRI/US fusion-guided
biopsy has been shown to be effective in
detecting prostate cancer in patients with
clinical suspicion of prostate cancer de-
spite history of prior negative 12-core sys-
tematic biopsy (9, 10). As such, the recent
American Urological Association (AUA) and
Society of Abdominal Radiology (SAR) Con-
sensus Statement recommended the use of
MRI-targeted prostate biopsy in men with
suspicion of prostate cancer and prior neg-
ative systematic biopsy (11).

While there is a growing amount of
data supporting the efficacy of MRI/US fu-
sion-guided biopsy, the majority of studies
have looked at all patients with suspicion of
prostate cancer including its use in patients
who are considering active surveillance (12,
13). To date, there have been limited stud-
ies comparing biopsy-naive patients who
undergo MRI/US fusion-guided biopsy ver-
sus those who undergo systematic extend-
ed-sextant TRUS biopsy. The utilization of
MRI in the earlier stages of prostate cancer
screening offer the potential of avoiding un-
necessary biopsies and their associated mor-
bidity (14, 15). In this study, we demonstrate
the utility of MRI/US fusion-guided prostate
biopsy over traditional systematic 12-core,
extended-sextant TRUS biopsy in patients
who have not had a prior prostate biopsy.

Methods

This study was approved by our insti-
tutional review board. We retrospective-
ly reviewed data from a prospectively
maintained dataset of all men who un-
derwent multiparametric MRl and MRI/
US fusion-guided biopsy between 2014
and 2016 with clinical suspicion of pros-

* There were no significant differences in overall
prostate cancer detection when comparing
MRI-targeted biopsies to standard systematic
biopsies in biopsy-naive men.

* Significantly fewer needle cores were required
with MRI/US fusion-guided biopsy compared
with systematic biopsy in biopsy-naive men.

* In biopsy-naive men, MRI/US fusion-guided
prostate biopsy approach can potentially re-
duce morbidity without sacrificing the ability
to detect prostate cancer.

tate cancer based on elevated PSA (PSA
>4 ng/mL) or abnormal finding on digital
rectal examination. We excluded all men
who had previous prostate biopsy histo-
ry and those who did not have MRI-tar-
geted biopsy and concurrent systematic
TRUS-guided biopsy (Fig. 1).

All patients underwent MRI of the
prostate utilizing a 3.0 Tesla MRI and a
phased-array surface coil as previously de-
scribed (16). MRIs were reviewed at a mul-
tidisciplinary prostate imaging conference
attended by fellowship trained body ra-
diologists and urologic oncologists trained
in prostate MRI and MRI/US fusion-guided
biopsy procedures, respectively. The two ra-
diologists leading this conference have 10
and 4 years of prostate MRI experience, re-
spectively. This multidisciplinary approach
was utilized to achieve a consensus inter-
pretation for each case identifying regions
of interest concerning the prostate cancer.
Lesions were assigned a PI-RADS v2.0 score
at the setting of this multidisciplinary pros-
tate imaging consensus conference (17).
For cases predating the implementation
of the second version of PI-RADS, all cases
were retrospectively reassigned PI-RADS
v.2.0 scores by a group of radiologists and
urologic oncologists specialized in prostate
MRI. Whole gland prostate volumes and le-

sions suspicious for harboring prostate can-
cer were segmented in three-dimensions
using the DynaCAD post-image processing
software (InVivo Corp).

Patients with lesions suspicious for
malignancy were offered MRI/US fu-
sion-guided biopsy in addition to stan-
dard systematic 12-core, extended-sex-
tant TRUS-guided biopsy after providing
informed consent. All lesions with PI-RADS
score greater than or equal to 3 were tar-
geted for biopsy. MRI/US fusion-guided
biopsy was performed using the UroNav
system (Philips/InVivo) in the previously
described technique (7). Following target-
ed biopsy core sampling, a systematic 12-
core, extended-sextant TRUS-guided bi-
opsy was performed using freehand TRUS
technique. The vast majority underwent
12-core sampling with two cores in each
of two sextants defined as the apex, mid,
and base regions of each of the right and
left lobes of the gland. Due to patient dis-
comfort some patients did not complete
full 12-core sampling. As such, all patients
who underwent less than 10 systematic
cores were excluded from this study for
not meeting guideline recommendations.
All pathologic specimens were evalu-
ated by a fellowship-trained, genitouri-
nary-specialized surgical pathologist.

MRI/US fusion
biopsy patients
n=423

Previous biopsy-naive
patients
n=69

Prior negative biopsy
patients
n=211

Prior positive biopsy
patients on AS or seeking
confirmation of AS
eligibility
n=143

Figure 1. Flowchart for study inclusion. AS, active surveillance.

116. May-June 2018 - Diagnostic and Interventional Radiology

Yarlagadda et al.



Statistical analysis

Univariate statistical analysis was per-
formed using the t-test for continuous vari-
ables and Fisher’s exact tests for categorical
variables. A Pvalue less 0.05 was considered
significant and all tests were 2-tailed.

Results

Of 423 patients who underwent MRI/US
fusion-guided biopsy over this time peri-
od, 69 biopsy-naive men who underwent
both MRI/US fusion-guided biopsy and
concurrent systematic 12-core, extend-
ed-sextant TRUS-guided biopsy were iden-
tified and their records reviewed. Three
additional patients who were biopsy naive
underwent multiparametric MRI based
upon PSA elevation suspicion for pros-
tate cancer, of whom two had MRI studies
without areas of significant suspicion for
harboring prostate cancer and one had a
technically limited study which was non-
diagnostic. Biometric and biopsy data are

presented in Table 1. The average patient
age was 64 years and the average PSA val-
ue at the time of biopsy was 7.71 ng/mL.
Patients had an average of 1.97 lesions
detected on MRI that were suspicious for
prostate cancer. The average number of
cores taken for MRI-targeted biopsies was
4.42 compared with 11.93 for systematic
biopsies (63% less cores taken, P < 0.001).
The percentage of targeted cores positive
for prostate cancer was significantly high-
er than the random cores (35.1% vs. 21.3%,
P <0.0001).

A total of 45 men were diagnosed with
prostate cancer; 38 were diagnosed by
MRI/US fusion-guided biopsy compared
with 40 by systematic extended-sextant
TRUS-guided biopsy. Although the number
of men found to have prostate cancer on
systematic extended-sextant TRUS-guided
biopsy was slightly higher, this difference
in overall cancer detection was not statisti-
cally significant (40 vs. 38, P = 0.39). Tumors
were graded using prostate cancer Grade

Table 1. Patient demographics and biopsy characteristics

Variables

Values

Total number of patients (n)

Age (years), mean+SD (range)

PSA (ng/mL), mean£SD (range)

PSA density (ng/mL?), mean+SD (range)

Prostate volume (cc), mean£SD (range)

Mean number of lesions, mean+SD (range)
1 lesion, n (%)
2 lesions, n (%)
3 lesions, n (%)
4 |esions, n (%)

Highest PI-RADS, n (%)
3
4
5

Number of cores sampled, mean%SD (range)
Standard systematic biopsy
MRI-targeted biopsy

Percentage of positive cores, n/N (%)
Standard systematic biopsy
MRI-targeted biopsy

Cases with cancer detection, n (%)
Standard systematic biopsy
MRI-targeted biopsy

69
64.33+8.3 (43-82)
7.71£5.66 (1.43-26.88)
0.21+0.23 (0.03-1.26)
54.26+27.48 (19.86-127)
1.97+0.80 (1-4)

21(30.4)

31 (44.9)

15(21.7)

2(2.9)

36(52.2)
26 (37.7)
7(10.1)
P < 0.0001
11.93+0.31 (10-12)
4.42+1.65 (1-9)
P <0.0001
175/823 (21.3)
107/305 (35.1)
P=0.39
40 (58.0)
38(55.1)

MRI, magnetic resonance imaging; PI-RADS, prostate imaging reporting and data system; PSA, prostate specific

antigen.

Groups, originally described by Epstein et
al. and recently adopted by the Internation-
al Society of Urological Pathology (ISUP)
and World Health Organization (WHO) (18,
19). Furthermore, there was no statistically
significant difference in the prostate can-
cer Grade Groups when comparing MRI/US
targeted biopsy to systematic 12-core, ex-
tended sextant TRUS-guided biopsy (Table
2 and Fig. 2).

Discussion

MRI has been shown to be effective in de-
tecting clinically-significant prostate cancer
in patients suspected to harbor prostate
cancer with a history of at least one prior
negative TRUS biopsy. MRI is also being
used in the algorithm for monitoring pa-
tients on active surveillance. However, there
is sparse data regarding patients who have
never had a prior biopsy.

Prior small series have shown the utility
of targeted MRI/US fusion-guided prostate
biopsy in biopsy-naive patients. Fascelli et
al. (20) showed in a small study of 59 biop-
sy-naive patients that MRI-targeted lesions
performed better than PSA and PSA density
as markers for detecting prostate cancer.
Larger studies have shown conflicting re-
sults regarding the equivalency of cancer
detection between these two modalities.
Quentin et al. (21) showed in a prospective
study of 132 biopsy-naive patients that
MRI/US fusion-guided biopsy and system-
atic TRUS-guided biopsy had equal rates of
prostate cancer detection (21). Our study
produced similar conclusions in terms of
equivalent cancer detection rates between
the two modalities.

In contrast to this, Delongchamps et al.
(22) showed in a prospective multicenter
controlled trial looking at 108 biopsy-na-
ive patients that systematic TRUS-guid-
ed biopsy detected prostate cancer in
more patients compared with MRI/US fu-
sion-guided biopsy. However, there was
no significant difference in detection of
clinically-significant prostate cancer. Fur-
thermore, the multi-institutional effort
published by Delongchamps et al. (22)
only investigated patients with a single
suspicious lesion on MRI of the prostate,
thereby excluding a large number of pa-
tients, posing a potential significant bias.
In fact, these stringent criteria of patients
only harboring a single MRI targeted lesion
of suspicion would account for only 30.4%
of the total population of patients includ-
ed in our data analysis.

Equal prostate cancer detection with less biopsy cores « 117



Table 2. Standard systematic versus MRI-targeted biopsy prostate cancer detection stratified by

distribution of grade group

Standard systematic biopsy

No Cancer GG1 GG2 GG3 GG4 GG5 Total
No Cancer 24 2 0 0 0 31
GG1 3 9 1 0 0 0 13
GG2 0 1 5 0 2 1 9
MRI-targeted GG3 1 1 1 3 1 0 7
biopsy
GG4 0 0 0 1 3 0 4
GG5 1 0 0 0 1 3 5
Total 29 16 9 4 7 4 69
MRI, magnetic resonance imaging; GG, grade group.
Cancer detection by grade group between systematic and
MRI-targeted biopsies
100% 1
90% 4 P=1.00
80% 4
70% A
60% 1 P=0.72
GG3-5
50% 1 M GG1-2
M No Cancer
40% A
30%
20% 4 P=0.86
10% A
0% T
Systematic MRI-targeted

Figure 2. Cancer detection by grade group between standard systematic TRUS-guided and MRI/US

fusion-guided biopsy approaches.

In our study, we demonstrated in a biop-
sy-naive cohort that MRI/US fusion-guided
prostate biopsy offers equivalent cancer
detection rates compared with systematic
extended-sextant TRUS-guided prostate
biopsy. A greater differential in detection of
clinically-significant prostate cancers on tar-
geted biopsy could have potentially been
shown if stratifying the data for patients
who had PI-RADS 4 or 5 lesions targeted.
However, our limited patient population
would not allow adequate statistical power
to analyze the biopsy outcomes stratified
by PI-RADS values. Expansion of this patient
cohort or collaborative multi-institutional
efforts could allow for these added investi-

gations which may bear a significantimpact
in the biopsy-naive population of men un-
dergoing multiparametric MRI. Also, there is
a potential bias of optimizing the detection
of prostate cancer on the systematic 12-
core, extended sextant biopsy cores in our
patient series, found to be as high as 58%.
This may be a result of the urologic oncol-
ogist performing the biopsy sampling the
MRI-targeted lesions first and then not pur-
posefully avoiding these targeted regions
when conducting a systematic, well-distrib-
uted biopsy sampling.

In addition to detecting prostate can-
cer at an equivalent rate to the standard-
of-care approach via systematic extend-
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ed-sextant TRUS-guided biopsy, MRI/US
fusion-guided biopsy is able to do so while
requiring significantly fewer cores which
has also previously been shown (23). On av-
erage, patients in our study underwent only
4.42 targeted biopsies compared with 11.93
random biopsies (P < 0.0001). Siddiqui et
al. (24) demonstrated similar improved ef-
ficiency in a large study of 1003 patients
with suspicion of prostate cancer, showing
targeted biopsies to be more efficient in de-
tecting all prostate cancer (44.5% vs. 24.0%)
and clinically-significant prostate cancer
(63.9% vs. 34.1%) (24). However, in this prior
study, a majority of patients had a history
of prior prostate biopsy. Our study confirms
these results in an exclusively biopsy-naive
cohort, which represents the majority of pa-
tients who undergo prostate biopsy in the
United States.

As we continue to search for an improved
prostate cancer screening algorithm, our
data supports the use of MRI in patients
with suspicion of prostate cancer who have
never undergone prior biopsy building on
prior findings in similar patients (25). While
the costs of MRl are an understandable con-
cern, this could be offset by the reduced
morbidity associated with systematic biop-
sy. Cost-effectiveness studies have shown
reduced costs when comparing MRI-based
screening methods to standard screening
protocols (26). This may be a result of mul-
tiple benefits rendered by MRI-targeted
biopsies. More accurate detection of clini-
cally-significant disease in the initial biopsy
setting may expedite necessary definitive
treatment with curative intent and also may
prompt appropriate staging in patients
with higher risk disease (16). Additionally,
optimizing proper grading and staging of
prostate cancers detected may also more
definitively help patients select active sur-
veillance when safe and appropriate, which
would be of cost benefit in terms of limiting
or postponing radical treatments and sub-
sequent costs from related morbidities as-
sociated with those treatments (13). Studies
suggest that the overall rate of infection af-
ter prostate biopsy is 5%-7% with 1%-3%
of patients needing to be hospitalized (27).
Further, multiple studies have also suggest-
ed that a higher number of cores of tissue
taken correlates with increased rates of
sepsis (14, 28). A cost-effectiveness model
suggests that the average cost of post-bi-
opsy infectious complications based on
Medicare reimbursement is around $5 900
(29). Recent studies have also suggested
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the number of cores taken can lead to in-
creased perioperative blood loss during
subsequent radical prostatectomy (30).
Therefore, taking this into consideration,
the utilization of MRI to target suspicious
lesions instead of randomly sampling the
entire prostate could potentially reduce
the rates of septic complications following
prostate biopsy, improve the patient expe-
rience and potentially reduce the overall
cost of screening without sacrificing the
ability to detect prostate cancer.

Limitations of this study include the rel-
atively small and retrospective sample size
used in our data analysis. Given the number
of patients in this study and further limited
numbers in subset analyses that would be
required, we also did not have statistical
power to evaluate for a potential correlation
of PI-RADS suspicion score to targeted biop-
sy Gleason score. There are new systems for
improving systematic biopsy schemas with
image-guidance and robotic assistance;
however, these were not investigated in this
current study which may alter findings if in-
tegrated into standard practice in the future
(31). Additionally, we also did not compare
the final radical prostatectomy pathology
with the biopsy data for confirmation of
disease grade as it was not available for the
majority of patients in our patient cohort.
Also, our study only encompassed patients
from our institution, which is a large urban
academic referral center. Since our center
serves a large region and it was recognized
that complications would not be compre-
hensively captured for all patients under-
going this outpatient office procedure, we
did not collect these data in our dataset.
Our patient population is likely not a perfect
reflection of the population seen in more
prevalent community settings. Additionally,
the positive and negative predictive value of
MRI and subsequent MRI/US fusion-guided
biopsy are dependent upon the radiologist’s
interpretations and urologist performing the
targeted biopsies which may vary by institu-
tion based upon experience.

In the first three years of implement-
ing MRI into our practice pattern, we have
demonstrated an equivalent cancer detec-
tion rate between systematic TRUS-guid-
ed and MRI-targeted prostate biopsies in
a biopsy-naive population. This detection
rate was achieved using significantly fewer
biopsy cores. Further studies are necessary
to investigate the safety of utilizing MRI
earlier in prostate cancer detection. How-
ever, our results suggest that the MRI/US

fusion-guided biopsy technique could lead
to fewer biopsies being performed with an
associated potential decrease in biopsy-as-
sociated morbidity.

In conclusion, we demonstrate that MRI/
US fusion-guided prostate biopsy offers
equal diagnostic performance to the sys-
tematic extended-sextant TRUS-guided
biopsy in biopsy-naive men. Further, since
the MRI/US fusion-guided biopsy approach
acquires less tissue sampling without com-
promising diagnostic yield, there is a poten-
tial in reducing morbidity in the future.

Conflict of interest disclosure
The authors declared no conflicts of interest.

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics,
2016. CA Cancer J Clin 2016; 66:7-30. [CrossRef]

2. Catalona WJ, Smith DS, Ratliff TL, et al. Mea-
surement of prostate-specific antigen in serum
as a screening test for prostate cancer. N Engl J
Med 1991; 324:1156-1161. [CrossRef]

3. LeeDJ, Mallin K, Graves AJ, et al. Recent chang-
es in prostate cancer screening practices and
prostate cancer epidemiology. J Urol 2017;
198:1230-1240. [CrossRef]

4. Washino S, Okochi T, Saito K, et al. Combination
of PI-RADS score and PSA density predicts bi-
opsy outcome in biopsy naive patients. BJU Int
2017; 119:225-233. [CrossRef]

5. Rais-Bahrami S, Siddiqui MM, Vourganti S, et
al. Diagnostic value of biparametric magnetic
resonance imaging (MRI) as an adjunct to pros-
tate-specific antigen (PSA)-based detection of
prostate cancer in men without prior biopsies.
BJU Int 2015;115:381-388. [CrossRef]

6. Weaver JK, Kim EH, Vetter JM, Fowler KJ, Siegel
CL, Andriole GL. Presence of magnetic resonance
imaging suspicious lesion predicts gleason 7 or
greater prostate cancer in biopsy-naive patients.
Urology 2016; 88:119-124. [CrossRef]

7. Pinto PA, Chung PH, Rastinehad AR, et al. Magnet-
ic resonance imaging/ultrasound fusion guided
prostate biopsy improves cancer detection fol-
lowing transrectal ultrasound biopsy and cor-
relates with multiparametric magnetic resonance
imaging.J Urol 2011; 186:1281-1285. [CrossRef]

8. Rais-Bahrami S, Siddiqui MM, Turkbey B, et al.
Utility of multiparametric magnetic resonance
imaging suspicion levels for detecting prostate
cancer.J Urol 2013; 190:1721-1727. [CrossRef]

9. Vourganti S, Rastinehad A, Yerram NK, et al. Mul-
tiparametric magnetic resonance imaging and
ultrasound fusion biopsy detect prostate cancer in
patients with prior negative transrectal ultrasound
biopsies. J Urol 2012; 188:2152-2157. [CrossRef]

10. Sonn GA, Chang E, Natarajan S, et al. Value of
targeted prostate biopsy using magnetic res-
onance-ultrasound fusion in men with prior
negative biopsy and elevated prostate-specific
antigen. Eur Urol 2014; 65:809-815. [CrossRef]

11. Rosenkrantz AB, Verma S, Choyke P, et al. Pros-
tate magnetic resonance imaging and mag-
netic resonance imaging targeted biopsy in
patients with a prior negative biopsy: a con-
sensus statement by AUA and SAR. J Urol 2016;
196:1613-1618. [CrossRef]

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Stamatakis L, Siddiqui MM, Nix JW, et al. Accu-
racy of multiparametric magnetic resonance
imaging in confirming eligibility for active sur-
veillance for men with prostate cancer. Cancer
2013; 119:3359-3366. [CrossRef]

Lai WS, Gordetsky JB, Thomas JV, Nix JW, Rais-Bah-
rami S. Factors predicting prostate cancer upgrad-
ing on magnetic resonance imaging-targeted bi-
opsy in an active surveillance population. Cancer
2017;123:1941-1948. [CrossRef]

Pepe P, Aragona F. Morbidity after transperine-
al prostate biopsy in 3000 patients undergoing
12 vs 18 vs more than 24 needle cores. Urology
2013; 81:1142-1146. [CrossRef]

Rais-Bahrami S, Turkbey B, Rastinehad AR, et al.
Natural history of small index lesions suspicious
for prostate cancer on multiparametric MRI: rec-
ommendations for interval imaging follow-up.
Diagn Interv Radiol 2014; 20:293-298. [CrossRef]
Gordetsky JB, Thomas JV, Nix JW, Rais-Bahrami S.
Higher prostate cancer grade groups are detected
in patients undergoing multiparametric MRI-tar-
geted biopsy compared with standard biopsy.
Am J Surg Pathol 2017; 41:101-105. [CrossRef]
Weinreb JC, Barentsz JO, Choyke PL, et al. PI-
RADS Prostate Imaging - Reporting and Data
System: 2015, Version 2. Eur Urol 2016; 69:16—
40. [CrossRef]

Epstein JI, Zelefsky MJ, Sjoberg DD, et al. A Con-
temporary Prostate Cancer Grading System: A
Validated Alternative to the Gleason Score. Eur
Urol 2016; 69:428-435. [CrossRef]

Gordetsky J, Epstein J. Grading of prostatic ade-
nocarcinoma: current state and prognostic im-
plications. Diagn Pathol 2016; 11:25. [CrossRef]
Fascelli M, Rais-Bahrami S, Sankineni S, et al.
Combined biparametric prostate magnetic res-
onance imaging and prostate-specific antigen
in the detection of prostate cancer: a validation
study in a biopsy-naive patient population.
Urology. 2016; 88:125-134. [CrossRef]
Quentin M, Blondin D, Arsov C, et al. Prospec-
tive evaluation of magnetic resonance imaging
guided in-bore prostate biopsy versus system-
atic transrectal ultrasound guided prostate
biopsy in biopsy naive men with elevated pros-
tate specific antigen. J Urol 2014; 192:1374-
1379. [CrossRef]

Delongchamps NB, Portalez D, Bruguiére E, et
al. Are magnetic resonance imaging-transrectal
ultrasound guided targeted biopsies noninferi-
or to transrectal ultrasound guided systematic
biopsies for the detection of prostate cancer? J
Urol 2016; 196:1069-1075. [CrossRef]

Baco E, Rud E, Eri LM, et al. A randomized con-
trolled trial to assess and compare the outcomes
of two-core prostate biopsy guided by fused
magnetic resonance and transrectal ultrasound
images and traditional 12-core systematic biopsy.
Eur Urol 2016; 69:149-156. [CrossRef]

Siddiqui MM, George AK, Rubin R, et al. Efficiency
of prostate cancer diagnosis by MR/ultrasound fu-
sion-guided biopsy vs standard extended-sextant
biopsy for MR-visible lesions. J Natl Cancer Inst
2016; 108: pii: djw039. [CrossRef]

Porpiglia F, Manfredi M, Mele F, et al. Diagnos-
tic pathway with multiparametric magnetic
resonance imaging versus standard pathway:
results from a randomized prospective study in
biopsy-naive patients with suspected prostate
cancer. Eur Urol 2017; 72:282-288. [CrossRef]

Equal prostate cancer detection with less biopsy cores « 119


https://doi.org/10.3322/caac.21332
https://doi.org/10.1056/NEJM199104253241702
https://doi.org/10.1016/j.juro.2017.05.074
https://doi.org/10.1111/bju.13465
https://doi.org/10.1111/bju.12639
https://doi.org/10.1016/j.urology.2015.10.023
https://doi.org/10.1016/j.juro.2011.05.078
https://doi.org/10.1016/j.juro.2013.05.052
https://doi.org/10.1016/j.juro.2012.08.025
https://doi.org/10.1016/j.eururo.2013.03.025
https://doi.org/10.1016/j.juro.2016.06.079
https://doi.org/10.1002/cncr.28216
https://doi.org/10.1002/cncr.30548
https://doi.org/10.1016/j.urology.2013.02.019
https://doi.org/10.5152/dir.2014.13319
https://doi.org/10.1097/PAS.0000000000000723
https://doi.org/10.1016/j.eururo.2015.08.052
https://doi.org/10.1016/j.eururo.2015.06.046
https://doi.org/10.1186/s13000-016-0478-2
https://doi.org/10.1016/j.urology.2015.09.035
https://doi.org/10.1016/j.juro.2014.05.090
https://doi.org/10.1016/j.juro.2016.04.003
https://doi.org/10.1016/j.eururo.2015.03.041
https://doi.org/10.1093/jnci/djw039
https://doi.org/10.1016/j.eururo.2016.08.041

26.

27.

Pahwa S, Schiltz NK, Ponsky LE, Lu Z, Griswold
MA, Gulani V. Cost-effectiveness of MR imag-
ing-guided strategies for detection of prostate
cancer in biopsy-naive men. Radiology 2017;
285:157-166. [CrossRef]

Liss MA, Ehdaie B, Loeb S, et al. An update of
the American Urologic Association white paper
on the prevention and treatment of the more
common complications related to prostate bi-
opsy. J Urol 2017; 198:329-334. [CrossRef]

28.

29.

Simsir A, Kismali E, Mammadov R, Gunaydin G,
Cal C. Is it possible to predict sepsis, the most
serious complication in prostate biopsy? Urol
Int 2010; 84:395-399. [CrossRef]

Adibi M, Pearle MS, Lotan Y. Cost-effectiveness
of standard vs intensive antibiotic regimens
for transrectal ultrasonography (TRUS)-guid-
ed prostate biopsy prophylaxis. BJU Int 2012;
110:E86-91. [CrossRef]

120. May-June 2018 - Diagnostic and Interventional Radiology

30. Carneiro A, Sivaraman A, Sanchez-Salas R, et al.

Higher number of transrectal ultrasound guid-
ed prostate biopsy cores is associated with
higher blood loss and perioperative complica-
tions in robot assisted radical prostatectomy.
Actas Urol Esp 2017; 41:155-161. [CrossRef]
Han M, Chang D, Kim C, et al. Geometric evalua-
tion of systematic transrectal ultrasound guided
prostate biopsy. J Urol 2012; 188: 2404-24009.
[CrossRef]

Yarlagadda et al.


https://doi.org/10.1148/radiol.2017162181
https://doi.org/10.1016/j.juro.2017.01.103
https://doi.org/10.1159/000296290
https://doi.org/10.1111/j.1464-410X.2011.10768.x
https://doi.org/10.1016/j.acuro.2016.09.012
https://doi.org/10.1016/j.juro.2012.07.107

