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Natural history of small index lesions suspicious for prostate cancer on
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PURPOSE
We aimed to determine the natural history of small index lesions identified on multiparametric-magnetic resonance imaging (MP-MRI) of the prostate by evaluating lesion-specific
pathology and growth on serial MP-MRI.
MATERIALS AND METHODS
We performed a retrospective review of 153 patients who
underwent a minimum of two MP-MRI sessions, on an institutional review board-approved protocol. Index lesion is defined as the lesion(s) with the highest cancer suspicion score
based on initial MP-MRI of a patient, irrespective of size. Two
study cohorts were identified: (1) patients with no index lesion or index lesion(s) ≤7 mm and (2) a subset with no index
lesion or index lesion(s) ≤5 mm. Pathological analysis of the
index lesions was performed following magnetic resonance/
ultrasound fusion-guided biopsy. Growth rate of the lesions
was calculated based on MP-MRI follow-up.
RESULTS
Patients with small index lesions measuring ≤7 mm (n=42)
or a subset with lesions ≤5 mm (n=20) demonstrated either
benign findings (86.2% and 87.5%, respectively) or low
grade Gleason 6 prostate cancer (13.8% and 12.5%, respectively) on lesion-specific targeted biopsies. These lesions
demonstrated no significant change in size (P = 0.93 and
P = 0.36) over a mean imaging period of 2.31±1.56 years
and 2.40±1.77 years for ≤7 mm and ≤5 mm index lesion
thresholds, respectively. These findings held true on subset
analyses of patients who had a minimum of two-year interval
follow-up with MP-MRI.
CONCLUSION
Small index lesions of the prostate are pathologically benign
lesions or occasionally low-grade cancers. Slow growth rate
of these small index lesions on serial MP-MRI suggests a
surveillance interval of at least two years without significant
change.
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rostate cancer is the most common solid-organ malignancy in
men in the western world, and it is one of the leading causes of
cancer-related mortality (1). Widespread prostate specific antigen
(PSA)-based screening has resulted in a marked increase in the rate of
prostate cancer diagnosis, accompanied by significant downward grade
and stage migration, as well as a decrease in mortality rate, though not
commensurate with the detection rate (2, 3). Hence, there is a tendency
to overtreat clinically-insignificant prostate cancer, leading to concerns
regarding the quality of life. This has prompted renewed interest in
more conservative management with active surveillance and investigational focal therapy options.
Clinically-insignificant prostate cancer has been defined as small tumors with low Gleason grade, although thresholds for these parameters
are not fully agreed upon (4−6). For instance, many reports use a lesion
size threshold of 0.5 cm3, which corresponds to a spherical lesion with a
diameter of approximately 1 cm (7). However, some investigators have
used even smaller volume thresholds of 0.2 cm3 and 0.5 cm3 based on
overall prostate cancer tumor burden on radical prostatectomy specimens with clinically-insignificant disease. Due to the formalin fixation
and tissue contraction of the prostatectomy specimens, these lower volume thresholds would perhaps more accurately correspond to 5 mm
and 7 mm diameter spherical lesions in the setting of prostates bearing
two to three cancer foci, given the commonly multifocal nature of prostate cancer (8, 9).
Multiparametric-magnetic resonance imaging (MP-MRI) of the prostate
has been investigated as an anatomic and functional imaging method to
aid in cancer detection (9−14). A subset of patients undergoing MP-MRI
is found to have small index lesions, which would represent clinically-insignificant disease if found to harbor prostate cancer. In fact, when such
lesions are biopsied they often prove to harbor benign tissue or low grade
disease, and it would be tempting to use MP-MRI to monitor such patients. However, the optimal imaging interval has not been determined.
Herein, we aim to define the natural history of small index lesions detected on MP-MRI, based on lesion-specific biopsy pathology and investigate
subsequent growth rates determined by serial MRI studies.
Materials and methods
Patient selection
A retrospective review was performed on 696 patients who underwent
MP-MRI and subsequent magnetic resonance/ultrasonography (MR/US)
fusion guided prostate biopsy at the National Cancer Institute of the National Institutes of Health between August 2007 and December 2012,
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on institutional review board approved
protocols. This patient population was
evaluated to identify individuals with
at least two MP-MRIs (Fig. 1). Of 153
patients with a minimum of two MPMRI studies, a study cohort was identified, consisting of patients with either
no index lesion or one or more index
lesions measuring ≤7 mm in greatest dimension on the initial MP-MRI study.
Index lesions were defined as any lesion(s) bearing the highest prostate
cancer suspicion scores based on initial
MP-MRI in a patient, irrespective of
lesion size. Another study cohort consisted of only the patients with either
no index lesion on MP-MRI or index lesion(s) measuring ≤5 mm. The size of all
lesions were measured on T2-weighted
MRI sequences; thus consistency and
comparability was achieved across patients as well as across serial studies on
the same patient.
Multiparametric MRI protocol
All MRI studies were performed using a combination of an endorectal coil
(BPX-30, Medrad, Pittsburgh, Pennsylvania, USA) tuned to 127.8 MHz and a
cardiac coil (SENSE, Philips Medical Systems, Best, the Netherlands) standardly
performed on a 3 T magnet (Achieva,
Philips Medical Systems, Best, the Netherlands) without prior bowel preparation. The endorectal coil was inserted
coated with an anesthetic gel while the
patient was positioned in the left lateral decubitus position. The balloon surrounding the coil was distended with 3
mol/L of perfluorocarbon (Fluorinert,
3M, St. Paul, Minnesota, USA) to a volume of approximately 50 mL to reduce
susceptibility artifacts induced by air in
the endorectal coil balloon. The MRI
protocol included triplanar T2-weighted turbo-spin-echo, diffusion-weighted
MRI (DW-MRI), three dimensional (3D)
MR spectroscopy imaging (MRSI), axial
precontrast T1-weighted MRI, axial 3D
fast field-echo dynamic contrast-enhanced (DCE) MRI sequences. The specific sequence parameters have been
defined in previous reports (10, 12).
Data analyses
MRI analysis was performed by two
experienced genitourinary radiologists
(B.T. and P.L.C. with six and 12 years
of experience in prostate MRI, respec-

tively) who evaluated T2-weighted
MRI, apparent diffusion coefficient
(ADC) maps of DW-MRI, MRSI and
DCE MRI in consensus, blinded to the
clinicopathological findings (PSA, clinical staging and prior prostate biopsy
pathology results). An imaging-based

prostate cancer suspicion score was assigned to each lesion based on its features on different pulse sequences on
MRI, as previously described and outlined in Fig. 2 (14). The criterion for a
“visible” lesion on MP-MRI was a well
circumscribed, round-ellipsoid low-sig-

Patients enrolled in MP-MRI and MR/US
fusion guided prostate biopsy protocol
n=696
Single MP-MRI session
n=543
Patients with multiple
MP-MRI sessions
n=153
MRI index lesion(s)* >7 mm
n=111

Index lesion(s)* ≤7 mm
n=42
58 lesions

Index lesion(s)* ≤5 mm
n=20
24 lesions

Subset with minimum 2 years imaging
interval follow-up
n=20
27 lesions

Subset with minimum 2 years imaging
interval follow-up
n=10
11 lesions

*index lesion(s) defined as lesions on initial MP-MRI session with highest prostate cancer suspicion score assigned
based upon anatomic and functional MRI characteristics.

Figure 1. Patient selection for analysis cohorts of small index lesions found on initial
multiparametric MRI (MP-MRI).
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Figure 2. Lesion-based multiparametric MRI cancer suspicion scoring system. T2W MRI, T2weighted MRI; ADC, apparent diffusion coefficient; DCE MRI, dynamic contrast enhanced MRI;
DW-MRI, diffusion-weighted MRI; MP-MRI, multiparametric MRI.
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Figure 3. a–d. Patient MRI depicting baseline T2-weighted (a) and diffusion-weighted imaging
(DWI) (b) sequences which identified a right midanterior peripheral zone lesion measuring
5 mm (arrows). Subsequent T2-weighted (c) and DWI (d) sequences show no change in
size or characteristics (arrows). At both time points, dynamic contrast-enhanced MRI and MR
spectroscopy were negative in this area, maintaining a moderate level of suspicion. Gleason
3+3=6 was diagnosed in <5% of targeted biopsy cores.

nal-intensity region within the prostate
gland on T2-weighted MR images and
ADC maps of DW-MRI (10, 12). The
3D-MRSI analysis evaluated choline/
citrate ratios within voxels in the target biopsy sites. Healthy choline/citrate
ratio value was defined as 0.13±0.081,
based on 433 biopsy-proven healthy
voxels from peripheral zone regions of
44 patients referred for prostate MRI,
as previously reported (10, 12). Voxels
were considered abnormal when the
choline/citrate ratio was three or more
standard deviations above the mean
healthy choline/citrate ratio value
(≥0.373). DCE MR images were evaluated by direct visual interpretation of
raw dynamic-enhanced T1-weighted
images and the diagnostic criterion for
prostate cancer was defined as a focus
of early and intense enhancement with
rapid wash out compared to the background (10, 12, 15).
Demographic, imaging, and pathology data were collected and stored in
a secure database. All biopsy results
were reviewed by a single genitourinary pathologist blinded to the imaging characteristics. Pathologic findings
from MR/US fusion guided biopsies of
the index lesions were correlated with
the lesions identified on MP-MRI for
each patient. Also, MP-MRI findings

from subsequent scans of each patient
were evaluated retrospectively to assess
index lesion growth rates, measured
as change in the greatest diameter of
the lesion over time (Fig. 3). Statistical
comparisons of categorical and continuous variables were assessed with the
Freeman-Halton extension of the Fisher’s exact test and paired, two-tailed
Student’s t-tests, respectively. All statistical analyses were performed using
JMP Pro 10.0 (SAS Institute Inc, 2012,
Cary, North Carolina, USA).
Results
Of 153 patients who underwent multiple MP-MRI and MR/US fusion guided
biopsy, 42 patients were determined
to have either no identifiable lesion
or index lesions all measuring ≤7 mm.
A total of 58 index lesions (0−3 index
lesions per patient) were identified in
this cohort of 42 patients. A second
cohort included a subset of patients
with no MRI lesions or index lesions all
measuring ≤5 mm; 20 patients harboring 24 index lesions (0−2 index lesions
per patient) were identified in this cohort. The majority of patients in both
cohorts had index lesions that were assigned moderate or low suspicion based
on MP-MRI findings. There was a categorical shift observed towards higher

suspicion scores in the patient cohort
with index lesions ≤7 mm (1.7% high,
53.4% moderate, 37.9% low, 6.9% no
suspicion) versus those with index lesions ≤5 mm (0% high, 50% moderate,
33.3% low, and 16.7% no suspicion),
though no statistically significant differences were observed (P = 0.59). Targeted biopsy showed benign findings in
the majority of patients in both cohorts
(86.2% in the ≤7 mm cohort and 87.5%
in the ≤5 mm cohort). Furthermore,
targeted biopsy of the index lesions
consistently revealed the lowest grade
of disease assigned to biopsy specimens
(Gleason 3+3=6 disease) in patients
identified with prostate cancer. Patient
demographics, characteristics of the index lesions as identified on the initial
MP-MRI study, biopsy pathology results
for the MR/US fusion guided biopsies
targeting these index lesions, and follow-up data regarding most recent PSA
and subsequent MP-MRI studies are
summarized in Table 1.
Table 2a depicts the qualitative and
quantitative change in size noted on
follow-up MP-MRI studies. Analysis
of 58 index lesions in the cohort of
patients with index lesions ≤7 mm
demonstrated no significant change
in index lesion size over a period of
2.31±1.56 years (P = 0.93). Similarly, analysis of 24 lesions in patients
who harbored index lesions ≤5 mm
had no significant change in size over
2.40±1.77 years (P = 0.36). Qualitatively, the majority of lesions remained stable in both cohorts (68.9% and 62.5%
for patient cohorts with ≤7 mm and ≤5
mm index lesions, respectively).
Through subset analysis of both
study cohorts, we identified patients
who had a minimum two-year interval
between their initial and their most recent MP-MRI sessions. Results of parallel analyses performed for these subsets
are depicted in Table 2b. Again, no significant change in size was noted after
a mean follow-up of 3.51±1.48 years
within the patient cohort with ≤7 mm
index lesions (P = 0.29) and a mean
follow-up of 3.63±1.74 years within
the patient cohort with ≤5 mm index
lesions (P = 0.16). Qualitative changes in lesion size over the same period
of MP-MRI follow-up in these subsets
conferred similar results with 55.6%
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and 54.5% of lesions demonstrating
no change in size in the ≤7 mm and ≤5
mm cohorts, respectively.
Discussion
Screening protocols incorporating
serum PSA evaluation and DRE have
resulted in a well-recognized downward stage migration of organ-confined
prostate cancer (2, 16). Moreover, most
tumors have been staged as cT1c disease representing non-palpable disease
due to small tumor size, topographical
location away from the surface along
the rectal vault, or both. Concurrently,
there has been recognition that there
is overdiagnosis and overtreatment of
clinically-insignificant prostate cancer (3, 17). Seminal investigations defined clinically-insignificant prostate
cancer based on thresholds of tumor
size and Gleason grade utilizing radical prostatectomy specimens (4, 5).
Size and Gleason grade determinations
have been used to enroll patients in
active surveillance protocols, employing biopsy pathology from systematic
TRUS-guided biopsies as the surrogate
for tumor burden. With improved sensitivity and proven correlation to histopathology, MP-MRI followed by MR/US
fusion-guided prostate biopsy may provide a better surrogate of tumor burden
over systematic template TRUS or other
historical techniques of prostate biopsy.
Recently, the US Preventative Services
Task Force recommended against PSA
screening for prostate cancer, which
has prompted primary care physicians
and urologists to strongly question
the value of the widespread PSA-based
screening protocols (18, 19). If PSA is
to be less commonly used, alternative
screening methods must be sought.
MP-MRI of the prostate has emerged
as an anatomic and functional evaluation of the prostate which aids in
overall prostate cancer detection and
characterization of lesions suspicious
for harboring higher-risk disease (11,
20, 21). Furthermore, lesion localization and size measurements from
T2-weighted and DW sequences of the
MP-MRI have been highly correlated
to final pathologic findings on radical
prostatectomy specimens (10, 12). The
use of MR/US fusion-guided biopsy
provides targeted sampling of suspected lesions, more closely paralleling the

Table 1. Patient demographics, index lesion characteristics on initial MP-MRI, corresponding lesion-specific biopsy pathology, and serial MP-MRI follow-up data
≤7 mm index lesion(s)

≤5 mm index lesion(s)

42

20

62.14±6.94 (47–77)

62.85±6.29 (52–75)

Prebiopsy PSA (ng/dL)

4.88±2.92 (0.2–12.79)

5.42±3.22 (0.2–12.79)

Follow-up PSA (ng/dL)

5.22±3.59 (0.39–15.5)

5.55±3.35 (0.39–13.2)

58 (0–3 per patient)

24 (0–2 per patient)

1 (1.8)

0 (0)

Moderate

31 (53.4)

12 (50.0)

Low

22 (37.9)

8 (33.3)

4 (6.9)

4 (16.7)

Number of patients
Age (years)

Total number of index lesions,
n (range per patient)
Index lesion MP-MRI prostate cancer
suspicion scores, n (%)
High

None
Index lesion-specific biopsy pathology, n (%)
No cancer

50 (86.2)

21 (87.5)

Gleason =6

8 (13.8)

3 (12.5)a

Gleason ≥7

0 (0)

0 (0)

2.81±0.97 (2–6)

2.70±0.73 (2–4)

2.31±1.56 (0.25–7.97)

2.40±1.77 (0.25–7.97)

Number of MP-MRI sessions
Longest imaging interval (years)

a

Unless otherwise specified, data are given as mean±standard deviation (range).
PSA, prostate specific antigen; MP-MRI, multiparametric-magnetic resonance imaging.
a
All patients with no more than two cores involved and ≤20% of any core involved.

size and volume of disease found on
radical prostatectomy. This is of importance given the methods by which
the volumes defining clinically-insignificant disease were determined in
landmark studies.
The current study provides quantitative measurement of lesion change
in patients with clinically-insignificant
disease, using MP-MRI technology. We
show that small index lesions on MPMRI assessment are either benign, too
small to accurately target (based on
margin of error coregistering the MRI to
real-time US using the software fusion
platforms), or bear only low-grade prostate cancer. Our imaging data confirms
the radical prostatectomy findings that
McNeal et al. (22) reported over 20
years ago. These index lesions did not
demonstrate a significant change in size
over an average observation period of
more than two years. Subset analysis of
patients with a minimum of two-year
interval imaging follow-up confirmed
these findings. Furthermore, none of
the patients with no index lesions on
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their initial MP-MRI developed identifiable lesions over the period of serial
imaging available for analysis.
Based on these findings we can suggest that the subset of patients with
small MRI index lesions, measuring ≤7
mm in greatest dimension, confirmed
with an initial MR/US fusion-guided
biopsy could forego any additional
screening or active surveillance testing (PSA measurements, MP-MRI, or
additional biopsy sessions) for at least
two years. Given the high fidelity of
MP-MRI in accurately delineating the
size of lesions and data suggesting the
indolent nature of these small index
lesions, it may be possible to monitor patients with MP-MRI alone in
the future. Though the current dataset is limited in size and duration of
follow-up, there were no MRI index
lesions measuring ≤7 mm harboring
Gleason 7 prostate cancer, and the
vast majority of patients who fit the
imaging criteria for inclusion had benign prostatic tissue on targeted biopsies. It is unclear how many of these
Rais-Bahrami et al.

Table 2. a, b. Size change of small index lesions in patients with serial MP-MRI follow-up (a) and serial MP-MRI follow-up with a minimum
two-year interval (b)
a.

≤7 mm index lesion(s)

P

≤5 mm index lesion(s)

P

42

-

20

-

58

-

24

-

Number of patients
Number of index lesions
Index lesion size on initial MP-MRI (mm)

4.88±1.98 (0–7)

0.93
4.91±3.17 (0–20) 		

Index lesion size on most recent MP-MRI (mm)
Longest imaging interval (years)

2.31±1.56 (0.25–7.97)

-

3.48±1.78 (0–5)
3.08±2.35 (0–8.5)
2.40±1.77 (0.25–7.97)

0.36

-

Qualitative change in lesion size since first MP-MRI session, n (%)
Increase

10 (17.2)		

4 (16.6)

Decrease

8 (13.8)

-

5 (20.8)

No change

40 (68.9)		

15 (62.5)

-

≤7 mm index lesion(s)

P

≤5 mm index lesion(s)

P

Number of patients

20

-

10

-

Number of lesions

27

-

11

-

b.

Lesion size on initial MP-MRI (mm)

4.81±1.91 (0–7)
0.29
4.40±2.82 (0–9.5) 		

Lesion size on most recent MP-MRI (mm)
Longest imaging interval (years)

3.51±1.48 (2.16–7.97)

-

3.49±1.94 (0–5)
2.23±2.89 (0–8.5)
3.63±1.74 (2.31–7.97)

0.16
-

Qualitative change in lesion size since first MP-MRI session, n (%)
Increase

6 (22.2)		

1 (9.1)

Decrease

6 (22.2)

-

4 (36.4)

No change

15 (55.6)		

6 (54.5)

-

Unless otherwise specified, data are given as mean±standard deviation (range).
MP-MRI, multiparametric magnetic resonance imaging.

benign biopsies were due to the small
diameters of the MRI lesions used as
biopsy targets which approach the
margin of error inherent to the MR/
US fusion biopsy system. Perhaps larger series could provide further confirmation of these data and obviate the
need for biopsies in this population of
patients without compromising early
diagnosis of clinically-significant cases
of prostate cancer.
Limitations of our study include the
cost of MRI which makes it currently
impractical for routine use. This can
potentially be overcome by eliminating use of an endorectal coil and performing a minimum number of sequences in a 10-to 15-minute time slot.
Furthermore, if such imaging can obviate the frequency of widespread biomarker testing, serial biopsy sessions,
and the associated downstream costs
of overtreating clinically-insignificant,
indolent prostate cancer, its relative
cost differential could be further minimized. Additional limitations of this
study include a small sample size of pa-

tients who fit the inclusion criteria for
analysis and the retrospective nature of
the data analysis. Future studies with
larger patient cohorts compiled from
multiple centers can be used to validate
these findings and perhaps broaden the
evidence-based recommendations for
interval imaging to include screening
and surveillance of patients suspected
to have prostate cancer and active surveillance of those who harbor clinically-insignificant disease.
In conclusion, small index lesions
detected on MP-MRI of the prostate are
pathologically confirmed to be benign
or indolent cancers based on grade and
size. Slow growth rate of these small index lesions on serial MP-MRI suggests
that the interval imaging follow-up
can span a minimum of two years.
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