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Objective: To demonstrate the safety and feasibility of
clinical in vivo needle-based optical coherence tomogra-
phy (OCT) imaging of the prostate.

Materials and Methods: Two patients with prostate
cancer underwent each two percutaneous in vivo needle-
based OCT measurements before transperineal template
mapping biopsy. The OCT probe was introduced via a
needle and positioned under ultrasound guidance. To test
the safety, adverse events were recorded during and after
the procedure. To test the feasibility, OCT and US images
were studied during and after the procedure. Correspond-
ing regions for OCT and biopsy were determined. A
uropathologist evaluated and annotated the histopathol-
ogy. Three experts assessed all the corresponding OCT
images. The OCT and biopsy conclusions for the corre-
sponding regions were compared.

Results: No adverse events during and following the, in
total four, in vivo needle-based OCT measurements were
reported. The OCT measurements showed images of pro-
static tissue with a penetration depth of ~1.5mm. The
histological-proven tissue types, which were also found in the
overlapping OCT images, were benign glands, stroma,
glandular atrophy, and adenocarcinoma (Gleason pattern 3).
Conclusions: Clinical in vivo needle-based OCT of the
prostate is feasible with no adverse events during measure-
ments. OCT images displayed detailed prostatic tissue with a
imaging depth up to ~1.5mm.We could co-register four
histological-proven tissue types with OCT images. The
feasibility of in vivo OCT in the prostate opens the pathway
to the next phase of needle-based OCT studies in the
prostate. © 2019 The Authors. Lasers in Surgery and
Medicine Published by Wiley Periodicals, Inc.
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BACKGROUND

Transrectal ultrasound (TRUS)-guided prostate biopsy
has been the gold standard in prostate cancer diagnosis

for decades. In this procedure, the prostate is sampled
with 10-12 biopsies systematically [1]. Ultrasound is used
to visualize the prostate during the biopsy procedure, but
the ultrasound images cannot accurately visualize pros-
tate cancer (PCa) [2]. Despite the application of systema-
tic multiple core biopsy schemes, clinically significant
PCa is often missed or under graded by this method [3].
Also, indolent PCa is frequently diagnosed. Multipara-
metric magnetic resonance imaging (mpMRI) and tar-
geted biopsy of suspicious “Prostate Imaging Reporting
and Data System” (PI-RADS) lesions are, therefore, being
used increasingly as studies demonstrate improved
detection rates for significant PCa and reduced detection
of insignificant cancer [4,5]. The currently used PI-RADS
v2 assessment uses a 5-point scale with a score of 1
representing the lowest suspicion and a score of 5
representing the highest suspicion of significant PCa.

As a consequence, mpMRI is currently recommended in
men with suspicion of PCa [6-8] . Although mpMRI and
mpMRI/TRUS-fusion image targeted biopsy demonstrate
good results in experienced hands, a substantial proportion
of PI-RADS lesions is false positive, and men with a negative
mpMRI cannot be spared systematic biopsy [9]. Definitive
diagnosis of PCa is, therefore, still based on the histopathol-
ogy of prostate biopsy needle cores, often obtained system-
atically and targeted, instead of imaging only. Biopsies are
rated using the Gleason pattern system from 1 to 5; the
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Gleason score sums the most dominant Gleason pattern with
the non-dominant Gleason pattern and biopsies if the
malignance has a Gleason score ranging from 6 to 10.

Real-time imaging with information on tissue structure
and architecture during prostate biopsy could improve
PCa disease characterization and provide a more efficient
way of tissue sampling [10]. Optical imaging technologies
offer real-time imaging with excellent spatial and tempor-
al resolution and are easily integrated into the operating
room. In conjunction with mpMRI/TRUS-fusion targeted
biopsy, these real-time technologies in a needle-based
form could provide valuable real-time information for
tissue characteristics and reduce the currently existing
workload of histopathological analysis. Optical coherence
tomography (OCT), the light-based equivalent of ultra-
sound, is capable of visualizing tissue up to ~1.5mm
depth with an axial resolution of 15 um. Contrast is based
on the differences in optical reflectance properties within
the tissue. Recent developments have enabled needle
integration of OCT that allows for percutaneous access to
regions of interest [11]. Recently, an ex vivo OCT image
atlas has been developed for the prostate based on a near-
perfect registration with histology [12]. Based on these
results, a protocol has been developed to test needle-based
OCT in vivo in the prostate [13]. In this study, we
demonstrate, for the first time to our knowledge, the
safety and feasibility of in vivo needle-based OCT imaging
of the prostate. The results of four OCT imaging pullbacks
in two patients show images with an imaging depth up to
~1.5 mm. Characteristic features, proven by a previous ex-
vivo study, could be identified in the OCT images. These
tissues were afterwards confirmed by the histopathologi-
cal outcome of the three-dimensional (3D) ultrasound-
correlated biopsies. These results are the basis for larger
studies in which real-time OCT imaging is performed in a
clinical in vivo needle-based setting.

METHODS

Study Design

This study is an investigator-initiated, prospective in
vivo feasibility study, approved by the local institutional
review board under registry number: NL57326.018.17.
The study is registered on clinicaltrails.gov as Focal
Prostate Imaging with CLE and OCT (FPI)
(NCT03253458) on August 18, 2017, and the full trial
protocol has been previously published [13].
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placement
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Study Population

Participants were recruited in the Amsterdam UMC,
location AMC and were eligible for enrollment if they
were planned for a transperineal template mapping
biopsy (TTMB) of the prostate. The TTMB was performed
in two patients undergoing confirmatory biopsy for focal
therapy treatment selection. Both patients gave written
informed consent.

Study Procedure

OCT was performed during a template mapping
biopsy procedure (Fig. 1) using an Ilumien Optis OCT
Intravascular Imaging System combined with a Dragon-
fly™ OPTIS™ imaging catheter (St. Jude Medical, St.
Paul, MN). Two measurement locations per patient were
chosen, one aimed at the PCa suspected lesion if visible
on mpMRI and one aimed at a lesion-free area. This
imaging catheter has a rotating inner part and a 0.9-mm
outer diameter, a pullback length of 54 mm, scanning
helically at ~90° angle, ~1.5 mm imaging depth, and an
axial resolution of 15 um. The data, which is obtained in
5.4 seconds is real-time visible as 540 cross-sectional
images, 1 image per 0.1 mm. The data can be exported as
540 images and as raw OCT data for quantitative
analysis.

The Dragonfly probe was interfaced with a trocar
needle to enable percutaneous access to the prostate.
(Fig. 2) The trocar needle was a 17G co-axial introducer
needle that has a length of 16.8cm (Argon Medical
Devices, Athens, TX) and an outer diameter of 1.47 mm.

If available, lesions on mpMRI (Fig. 3a) were used for
targeting using cognitive guidance with the real-time
ultrasound images. Patients were positioned in the
lithotomy position. A clinical ultrasound scanner (VI-
SION Preirus; Hitachi Medical Systems, Tokyo, Japan)
with the biplanar probe (EUP-U533; Hitachi Medical
Systems) and an endocavity balloon was used for biopsy
and OCT guidance. The stepper and grid were placed
using a stabilizer mounted on the table. To insert the 0.9-
mm OCT probe a 17G trocar needle was used. The tip of
the needle was placed at the far end of the measurement
trajectory, the inner part of the trocar needle was
removed, and the OCT probe was introduced. The outer
part of the trocar needle was retracted while the OCT
probe stayed at the same position. (Fig. 2b and c¢) At this
point, while the OCT probe was in contact with the
surrounding tissue, the pullback imaging procedure was

3D registration

OCT probe
placement +
measurement

Regular biopsy
taken from
same location

Finishing
regular TTMB
procedure

Fig. 1. Flowchart of needle-based OCT measurements during the TTMB procedure. 3D, three
dimensional; OCT, optical coherence tomography; TTMB, transperineal template mapping biopsy.
[Color figure can be viewed at wileyonlinelibrary.com]
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started. (Fig. 2d) Images were exported in a data set of location were both registered by the 3D ultrasound
540 B-scans, one B-scan per 0.1 mm. After the measure- registration software (3DBiopsy, Inc., Aurora, CO) [14].
ment, a standard biopsy was taken from the same Hereafter, the regular TTMB procedure was performed,
location by combining the same grid coordinates and wusing a 18G biopsy needle with an outer diameter of
the ultrasound image. The OCT pullback and the biopsy 1.27 mm.

Fig. 2. (a) The OCT measurement with the biplane ultrasound probe and the grid on a stepper.
Through the grid, the needle is placed in the prostate, and the OCT probe is slid through the
needle. (b) The drawing shows the procedure. (¢c) The biplane ultrasound probe images the needle
and OCT probe. The flexible OCT probe sticking out of the needle is visible. (D) Schematic
representation of the OCT measurement. The inner part of the probe rotates and by making a
pullback helical measurement of the surrounding prostate tissue can be obtained. OCT, optical
coherence tomography. [Color figure can be viewed at wileyonlinelibrary.com]

TRUS overlapping region
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Fig. 3. The prostate in 3D, based on annotations in the transverse mpMRI (a) and TRUS images
(b). The transverse T2-weighted mpMRI images were used to annotate the tumor region (red),
which resulted in a 3D volume (red) in the 3D prostate image (d). The transverse (b) and
longitudinal (c and f) TRUS images were used to annotate the prostate (boundary depicted by the
orange line) and to register the OCT measurement (c) and biopsy locations (f). The mpMRI-based
3D tumor volume is overlaid on the 3D TRUS image (e, red volume) combined with the 3D
registration of the OCT (green) and biopsy locations (pink). The overlapping region depicted in (c)
and (f) is used for the co-registration of the OCT images with the biopsy. 3D, three dimensional;
mpMRI, multiparametric magnetic resonance imaging; OCT, optical coherence tomography;
TRUS, transrectal ultrasound. [Color figure can be viewed at wileyonlinelibrary.com]
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Safety and Feasibility

Safety was tested by observing the patients on adverse
events during the procedure and on immediate follow-up.
Feasibility was described by scoring OCT device malfunc-
tion, procedural failures, and OCT data quality.

Histological Evaluation

Histological evaluation was performed and reported by
a uropathologist (CS-H) using digitally scanned images of
the pathology slides. After regular diagnosis during
clinical routine, the uropathologist annotated regions
containing different tissue types on the high-resolution
scans of the histology slides, which corresponded with the
OCT pullbacks, using an in-house build annotation soft-
ware. The nine different tissue types (cystic glandular
atrophy, regular glandular atrophy, benign glands, fat-
tissue, adenocarcinoma [Gleason pattern 3/4/5], fibromus-
cular stroma, and inflammation) were annotated if
present.

Matching and Comparing OCT With Histology

The biopsy needle and the OCT probe (Fig. 2¢), which
were clearly visible on the ultrasound during the
procedure, were manually registered with the 3Dbiopsy
software (Fig. 3b). Both, the biopsy and the OCT, were
taken from the same location. Within the resulting
overlapping region (Fig. 3¢ and f), the pathological
findings were compared with the co-localized OCT
images. All OCT images were categorized by three trained
experts (BM, RvK, and AS) in one of the following tissue
types: cystic atrophy, regular atrophy, benign glands, fat,
Gleason pattern 3, 4, or 5, stroma, and inflammation. The
OCT images with unrecognizable or multiple tissue types
were discarded. After the individual categorization, a
consensus was reached. If no consensus was reached, the
OCT data was excluded from further analysis.

Comparing In Vivo OCT With Atlas

Typical in vivo OCT examples, resulting from the
histology matched OCT images, were compared with the
previously published ex vivo atlas images of Muller
et al.[12] In vivo OCT features of the different tissue
types were described and compared with the ex vivo OCT
features.

RESULTS

Patient Characteristics

From May to June 2018, two patients were recruited for
the study and underwent OCT imaging during TTMB.
Both patients had biopsy-proven PCa diagnosed else-
where and were referred to our center for confirmatory
biopsy to determine the treatment eligibility for focal
therapy (irreversible electroporation) of the prostate.

The first patient had a mpMRI of the prostate that
demonstrated a PI-RADS four lesion of 13 mm in length in
the dorsolateral side of the peripheral zone in the left apex
with no signs of capsular invasion or seminal vesicle
invasion (Fig. 3). The previous biopsy showed a PCa
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Gleason 3+4=7 in 1 out of 8 biopsies. In the second
patient, the mpMRI of the prostate was scored as PI-
RADS 2, and no tumor focus was recognizable. However,
motion artifacts and blood residue could have diminished
the reading. The previous biopsy showed a PCa Gleason
3+4="71in 1 out of 11 biopsies.

Safety and Feasibility

Two locations in the prostate were measured by OCT. To
be certain, a second measurement at both locations was
performed without repositioning the probe.

No adverse events were reported during and following
the procedure. Introducing one OCT needle in our current
research setting took about 3 minutes, including cognitive
fusion of the MRI with the United States. While each OCT
measurement only took 5.4 seconds, the overall extra time
for OCT procedure time was 17 minutes for patient 1 and
16 minutes for patient 2.

No device malfunctions were reported while acquiring
OCT measurements. The OCT measurements were
evaluated for significant artifacts during the procedure.
No procedural failures were reported during the proce-
dure. All acquired data sets were visualized during the
procedure and contained high-quality data over the full
pullback. Subsequent off-line evaluation of the measure-
ments showed some minor artifacts in the flushing canal
around the inner part of the probe.

Histological Evaluation

Patient 1. Based on the prostate volume of 34 mL, on
ultrasound, a 20-core TTMB was performed. Two out of
the 20 biopsy cores were positive for adenocarcinoma. One
core contained a Gleason score 3 + 4 =7 adenocarcinoma
of the prostate (the transition zone posterior of left apex),
while the other core contained a Gleason score 3+3=6
adenocarcinoma of the prostate (the dorsolateral
peripheral zone of the left apex). In both biopsy cores,
tumor percentage was approximated as occupying more
than 50% of the biopsy volume.

Patient 2. Based on the prostate volume of 61 mL,
based on ultrasound, a 30-core transperineal template
mapping biopsy was performed. One out of the 30 biopsy
cores was tumor positive. This core of the dorsolateral
peripheral zone of the left apex contained a Gleason score
3 + 4 =7 adenocarcinoma of the prostate with a tumor core
infiltration of more than 50% of the biopsy volume.

Matching and Comparing OCT With Histology

After an individual evaluation of the four OCT
measurements by the OCT experts, based on their ex vivo
OCT knowledge, seven different tissue types were found:
benign glands, cystic atrophy, regular atrophy, Gleason 3,
Gleason 4, stroma, and inflammation. These seven tissue
types were also identified in the histopathology slides.
However, after identification of the overlapping region
between OCT measurements and histopathology slides,
only parts of the OCT data sets could be used: 58% for
OCT 1, 76% for OCT 2, 87% for OCT 3, and 35% for OCT
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4. As a result, Gleason 4 was identified by OCT outside
the overlapping region. Furthermore, inflammation and
cystic atrophy could not be matched between the OCT
measurements and the histopathology findings of the
corresponding overlapping region (Table 1). Thus, only
four tissue types were present in OCT images and
corresponding histopathology slides of these regions:
regular atrophy, benign glands, Gleason 3, and stroma;
vice versa, cystic atrophy, regular atrophy, and inflamma-
tion were identified in the OCT measurements of the
overlapping region but not in the corresponding histo-
pathology slices. Please note that perfect matches were
not to be expected: OCT images containing multiple tissue
types were omitted in the analysis and histopathology
slices only represent a small part of the biopsy. As an
example, in Figure 4c and d two cross-sectional OCT
images are displayed from the overlapping region in
Figure 4b. In Figure 4c, the imaging depth is measured.
Tissue structures are visible at 10 to 2 o’clock within the
line-dot circle, which is drawn at 1.5 mm in depth.

Comparing In Vivo OCT With Previously Published
Atlas Data

Features of the four different tissue types, which were
identified on OCT and matched with histology, were
compared with the images from the ex vivo study [12]. The
ex vivo and in vivo images are combined in Figure 5,
demonstrating the similarities and differences in the
characteristic features (Table 2). OCT images containing
multiple tissue types were omitted.

DISCUSSION

In this study, we demonstrated that in vivo OCT
imaging of the prostate is feasible. The OCT measure-
ments, which extended the procedural time by approxi-
mately 15 minutes, did not cause any technical issues and
adverse events during and following the intervention,
which indicates that the procedure seems safe as well.

After analyzing the images in the study, we observed
distinguishable features up to a maximum depth of
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~1.5mm. Still, some small artifacts were observed inside
the flushing channel of the OCT probe, which most
probably can be attributed to blood or air bubbles caused
by the moving needle and OCT probe during positioning.
We expect that additional flushing will reduce the artifacts.
Bleeding outside the probe was not observed in the OCT
images, probably because tissue is merely pushed aside,
and no tissue is removed from the prostate at the time of
measurement. The difference between taking tissue by a
regular biopsy versus going in and out while pushing tissue
aside with an OCT probe can have a different effect on the
bleeding in the prostate, which should be investigated in
future studies. The long measurement trajectory of the
OCT probe (54 mm) and ~1.5 mm penetration depth result
in a significant advantage over regular biopsies; the
maximum volume of visualized tissue with one OCT
measurement is 600 mm?®. This volume is ~14 times larger
than the potential volume of the biopsy with a 1-mm
diameter over the same length. The following calculations
were used to measure the OCT and biopsy volumes, taking
into account the volume of the OCT probe: volume
OCT = (7-1.952 — 7-0.452) - length=~11.30 mm? length,
volume biopsy =7-0.52 - length=~0.79 mm? - length. An
additional advantage is that the long OCT pullback can
visualize the peripheral and anterior zone within one
measurement.

In vivo OCT images will always be more difficult to
correlate with histology than studies with ex vivo OCT
images [12,15,16]. Not all the OCT images could be
correlated one-to-one to histology, which can be attrib-
uted to the discrepancies in volume between the OCT
and biopsy, the unknown orientation of the biopsy, and
the co-localization mismatches. The histology from OCT
pullback # 1 contained five different tissue types, of
which benign glands and Gleason 3 pattern adenocarci-
noma were independently identified in both OCT and
histology. Regular atrophy, Gleason pattern 4 adenocar-
cinoma, and stroma were probably not found because of
exclusion of B-scans containing multiple tissue types and
similarities between Gleason 3 and 4 patterns on OCT.
OCT pullback #2 was found to be matched with three

TABLE 1. Correspondence between the histopathological and OCT findings in the overlapping regions

Tumor volume

% of prostate Benign Cystic Regular Gleason Gleason
cancer in the glands atrophy atrophy pattern 3 pattern 4 Stroma
biopsy based on (0OCT/ (0OCT/ (OCT/ (0OCT/ (0CT/ (0OCT/ Inflammation
Pt histology OCT  biopsy) biopsy) biopsy) biopsy) biopsy) biopsy) (OCT/biopsy)
1 50% 1 Yes/Yes Yes/No No/Yes Yes/Yes No/Yes Yes/Yes Yes/No
0%/No PCa 2 Yes/Yes No/Yes Yes/Yes No/No No/No Yes/Yes No/Yes
2 50% 3 Yes/Yes No/No Yes/No Yes/Yes No/Yes No/Yes No/No
0%/No PCa 4 Yes/Yes No/No No/Yes No/No No/No Yes/Yes No/No

OCT, optical coherence tomography; PCa, prostate cancer.

“No PCa” indicates that no prostate cancer was found in the histologic biopsy specimen. Please note that OCT images containing
multiple tissue types were omitted. Yes/Yes indicates that the tissue was present in the OCT data and in the biopsy data. Yes/No
indicates that the tissue was present in the OCT data but not in the biopsy data. No/Yes indicates that the tissue was not present in
the OCT data but was present in the biopsy data. No/No indicates that the tissue was neither present in the OCT data nor in the

biopsy data.
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Fig. 4. The overlapping region of the corresponding regions. Left (a) the OCT measurement and

biopsy position based on the longitudinal ultrasound image of the prostate (orange), captured with the 3Dbiopsy
software. Based on this measurement the overlapping region of the OCT measurement and biopsy can be defined.
On the right (b), the overlapping region of the OCT measurement and the biopsy are placed next to each other. The
biopsy needle length is 20 mm, the biopsy itself is, in this example, 15 mm. The location of the biopsy should be
somewhere inside the red box. The findings of the pathologist were, in this case, benign glands and stroma on the
left and Gleason 3 + 4 on the right. Corresponding OCT B-scan of benign glands (c) and Gleason 3 (d), evaluated by
the trained OCT reviewers, are displayed below. Please note that structures in image C are still visible at a depth of
1.5 mm (line-dot circle) from the probe. However, this imaging depth is dependent on the tissue scattering
properties. OCT, optical coherence tomography. [Color figure can be viewed at wileyonlinelibrary.com]

tissue types with the corresponding biopsy. Cystic
atrophy and inflammation were identified in the biopsy,
not in the OCT. In the histology corresponding to OCT
pullback #3, benign glands, regular atrophy, and Gleason
3 and 4 patterns were diagnosed. However, on OCT
pullback #3 we did not recognize the small islands of
Gleason 4 pattern (red spots in Fig. 4). The visual
difference between Gleason 3 and 4 is small, which
makes it difficult to differentiate these tissues on OCT
[12]. By comparing OCT pullback #4 with the corre-
sponding histology slide, we were able to identify the
benign glands and stroma but could not determine the
regular atrophy.

Mismatches are probably due to the heterogeneity of
the prostatic tissue. Sometimes multiple tissue types were
recognized on one B-scan, which were subsequently
excluded for correlation. Also, the OCT images were rated
by three reviewers who all had an ex vivo prostatic OCT
images training set.

The lack of perfusion can change the tissue char-
acteristics, which is also suggested by Dangle et al.[15]
in the postprostatectomy ex vivo study to spot positive
margins. This variation of tissue characteristics im-
pedes the identification of in vivo tissue characteristics,
which were identified and learned using ex vivo images.
To rate in vivo OCT images, a training set of ex vivo
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Ex vivo In vivo

Regular atrophy

Gleason 3
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Ex vivo

Ex vivo

In vivo

Benign glands

In vivo

Stroma

Fig. 5. In vivo and ex vivo atlas OCT atlas of typical examples of the different tissues, ex vivo images
are in the yellow boxes. The in vivo OCT images visible in this atlas are located in overlapping regions
Figure 4 of one of the four OCT pullbacks. The arrows with the number identify the features given in
Table 2. Please note that because of the measurement setup, the ex vivo images have an extra tube
around the probe, which resulted in an extended distance between the center of the probe and the
tissue. OCT, optical coherence tomography. [Color figure can be viewed at wileyonlinelibrary.com]

OCT images is not ideal. Also, we do not know the
learning curve of classifying in vivo OCT images. These
learning curves have to be determined in a similar
setup as was done for classifying the PCa on
mpMRI [17,18].

A large inter-observer variance exists for the classification
of prostatic tissue. Consequently, OCT images can be
mismatched. In our study, the histological evaluation and
delineation were performed by one experienced uropathol-
ogist only. Future studies should include more pathologists

TABLE 2. Description of ex vivo and in vivo features found in the different tissue types

Tissue type Visual OCT features ex vivo[12]

Visual OCT features in vivo

Regular Smaller (0.1-0.3 mm), dark, more grouped cavities

atrophy compared to cystic atrophy

Benign Smaller, mostly grouped cavities (<0.1 mm), cavities

glands could be dark or opaque

Gleason 3 Homogeneous tissue structures. High signal
surrounding the probe and low signal in depth
represented a low signal penetration (<1 mm),

probably due to a high cell density
Stroma Homogeneous tissue with an increased signal depth

(21 mm). Unique: parallel ellipsoidal-shaped lines
(4) on both sides of the probe

Smaller ~0.1 mm, less scattering, grouped cavities
(1). Light penetrates to medium range in the tissue.
Irregular scattering tissue with small dark (no
scattering) round cavities (2) with a few spiked
shadows (3)

Similar to ex vivo: Homogeneous tissue structures.
High signal surrounding the probe and low signal in
depth represented a low signal penetration (<1 mm)

Similar to ex vivo, deeper light penetration. The
unique parallel ellipsoidal-shaped lines (4) are
visible, yet less visible compared with ex vivo

OCT, optical coherence tomography.

Second column is modified from Muller et al. [12] The numbers identify with the arrows in Figure 5 at different visual OCT features.
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with a final consensus in the diagnosis and delineation to
reduce the disparity within the histological tissue [19].
Previously, utilization of non-needle-based ex vivo OCT
of prostatic biopsies has been described in several studies.
Jain et al.[20] reported four different tissue types in an ex
vivo rodent prostate using full field OCT (ffOCT).
Although two reported tissue types showed similar
features as in our results, it’s difficult to visually compare
the images due the differences in acquisition methods.
Beuvon et al.[21] in a pilot study and Lopater et al.[22] in
a more extended study reported on a ffOCT visualization
of human prostate biopsy specimens, which was corre-
lated to histology. For the latter study, a promising
average accuracy for cancer detection of high Gleason
score (>3+3) of 72% was reported. Nonetheless both
studies only describe the detection of cancer versus
healthy tissue and do not describe OCT-specific features
for tissue classification. Previously published results on
prostate OCT imaging by Dangle et al.[15] showed the
visualization of surgical margins in 100 prostatectomy
specimens compared with histopathology. The probe-
based time domain OCT system was primarily developed
for the detection of bladder cancer. In this study, it was
demonstrated that the negatives predictive value of OCT
for the detection of surgical margins was 96%, showing
the potential of in vivo OCT for the detection of cancer.

Comparing In Vivo OCT With Previously Published
Atlas

The in vivo images contain comparable features as the
ex vivo OCT images from the previous study.[12] Differ-
ences of in vivo and ex vivo images were found in the
regular atrophy where the lumens appeared to be smaller.
Benign glands showed its characteristic cavities with a
few thin shadows. The differentiation between regular
atrophy and benign glands seemed to be more challenging
in in vivo tissue than in ex vivo tissue. Probably, compared
with the ex vivo obtained OCT images, during the in vivo
measurements, the perfusion of the prostate and the
induced pressure result in smaller cavities in regular
atrophy.

Different from our previous ex-vivo studies,[12,23,24]
the light seems to penetrate deeper in vivo for stroma
compared with the Gleason patterns. This difference in
penetration depth should be exploited in future studies by
determining the optical attenuation coefficient.[12,23,24]

The possibility of collecting good quality images of the
prostate with needle-based OCT measurements is now
the first successful step towards a larger cohort study that
aims to correlate OCT with histology to set up in vivo
discriminative parameters.[13] By using two highly
selected patients with PCa prior to this proposed correla-
tion study, we follow the IDEAL recommendations [25].
Distinguishing some tissue types with OCT is possible. If
needle-based OCT can differentiate tumor tissue from the
other prostate tissues, it would have an impact on PCa
diagnosis in the clinic. First, the large “sampling” volume
of the OCT scan needs fewer punctures than using
the traditional biopsy. Second, the diagnosis can be given
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real-time, that is, the urologist or uropathologist can see
the OCT images while the probe is still in the patient.
This real-time diagnosis could enable the same-day
minimal invasive treatment and might reduce the
patient’s burden.

The layers of the OCT images can also be analyzed by
deep learning algorithms, as is performed in the retina by
De Fauw et al.[26] Besides layers analysis, quantitative
analysis in combination with deep learning algorithms
could speed up and enhance the accuracy of tissue
classification. The volume of the diagnostic images is
increasing rapidly. With these instant, accurate results,
we might be able to deliver immediate treatment of the
suspected lesions, for example, by laser therapy through
the same fiber [27].

CONCLUSIONS

We demonstrated the first in vivo needle-based OCT of
the prostate in these two patients to be safe and feasible.
OCT images showed detailed images with an imaging
depth of ~1.5 mm. The correlation of the OCT images with
the biopsy is possible via 3D ultrasound registration and
demonstrated different prostate tissue types such as
regular atrophy, benign glands, adenocarcinoma Gleason
3, and stroma. This study opens the pathway towards in
vivo needle-based OCT studies focusing on clinical
relevance.
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