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AIM—To compare the size and shape of the prostate between in-vivo and fresh ex-vivo magnetic
resonance imaging (MRI), in order to quantify alterations in the prostate resulting from surgical
resection.

MATERIAL AND METHOD—Ten patients who had undergone 3 T prostate MRI using a
phased-array coil and who were scheduled for prostatectomy were included in this prospective
study. The ex-vivo specimen underwent MRI prior to formalin fixation or any other
histopathological processing. Prostate volume in vivo and ex vivo was assessed using planimetry.
Prostate shape was assessed by calculating ratios between the diameters of the prostate in all three
dimensions.

RESULTS—Mean prostate volume was significantly smaller ex vivo than in vivo (39.7+£18.6
versus 50.8+26.8 cm3; p=0.008), with an average change in volume of —19.5%. The right-to-left
(RL)/anteroposterior (AP) ratio of the prostate, representing the shape of the prostate within its
axial plane, was significantly larger ex vivo than in vivo (1.33£0.14 versus 1.21+0.12; p=0.015),
with an average percent change in RL/AP ratio of the prostate of +12.2%. There was no
significant difference between in-vivo and ex-vivo acquisitions in terms of craniocaudal (CC)/AP
(p=0.963, median change=-2.1%) or RL/CC (p=0.265, median change=+1.3%) ratios.

CONCLUSION—The observed volume and shape change following resection has not previously
been assessed by comparison of in-vivo and fresh ex-vivo MRI and likely represents loss of
vascularity and of connective tissue attachments in the ex-vivo state. These findings have
implications for co-registration platforms under development to facilitate improved understanding
of the accuracy of MRI in spatial localization of prostate tumours.

INTRODUCTION

Multiparametric magnetic resonance imaging (MRI) (mpMRI) of the prostate is increasingly
being used for a broad array of clinical applications, including tumour detection and
localization!2, planning of targeted biopsiesS, treatment selection?, preoperative planning?,
and monitoring of active surveillance®. These applications rely upon accurate spatial
localization of tumour on mpMRI. An understanding of the accuracy of such localization is
important for proper incorporation of imaging findings on mpMRI into clinical practice.
Such validation has been attempted in a large volume of previous studies via attempted
correlation of in-vivo MRI images with histopathological findings observed following
radical prostatectomy®. However, past studies have generally not considered or accounted
for the potential impact of the surgical procedure itself upon the size and shape of the
prostate. It is possible that alterations in prostate vascularity and elasticity resulting simply
from the prostatectomy may significantly change prostate morphology’, thereby impairing
the ability to reliably assess the accuracy of tumour localization at in-vivo MRI via
correlation with histopathological slides, and adjustments to correct for such changes would
be warranted in future research. Thus, in the present study, the size and shape of the prostate
between in-vivo and ex-vivo prostate MRI images were compared, in an effort to quantify
changes resulting from surgical resection. The ex-vivo prostate was imaged fresh, prior to
formalin fixation or any other processing.
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MATERIALS AND METHODS

Patients

This prospective study was HIPAA-compliant and approved by the institutional review
board. All patients signed written informed consent prior to participation. Ten patients
(mean age 65+5.94 years) with biopsy-proven prostate cancer scheduled to undergo radical
prostatectomy were included. Mean preoperative prostate-specific antigen (PSA) level
6.17+0.43 ng/ml (median 6.2ng/ml). All patients had undergone a preoperative 3 T mpMRI
of the prostate, which is routinely performed following a positive prostate biopsy at New
York University Langone Medical Center. In addition, the fresh ex-vivo prostate specimen
underwent MRI, as described below. No patient received therapy between MRI and surgery.
Mean delay between MRI and surgery was 45.4+54 days (median 33 days). Final
histopathological stages were: pT2c¢ (n=3), pT3a (n=6), and pT3b (n=1). Final Gleason
scores were 6 (3+3) in one case, 7 (3+4) in five cases, 7 (4+3) in four cases.

In-vivo MRI acquisition

Patients underwent preoperative MRI of the prostate using a 3 T system (Magnetom Trio,
Siemens Healthcare, Erlangen, Germany) using a pelvic phased-array coil. The protocol
included an axial turbo-spin echo (TSE) T2-weighted imaging (T2WI) sequence of the
prostate and seminal vesicle [3600 ms repetition time (TR)/123 ms echo time (TE); 3 mm
section thickness; 160 x 160 mm field of view (FOV); 256 x 256 matrix; parallel imaging
factor of 2; three signals averaged]. Dynamic contrast-enhanced (DCE) imaging and
diffusion-weighted imaging (DWI1) were also performed, but not assessed as part of this
study.

Surgical resection and ex-vivo MRI

All 10 patients underwent robotic-assisted radical prostatectomy, performed by a single
surgeon with 15 years of experience (SST). The fresh surgical specimen was prepared by
sewing a segment of urethral catheter into the prostatic urethra for preservation of urethral
elongation. Within 12 h of resection and prior to formalin fixation, sectioning, or any other
histopathological processing, the fresh specimen underwent ex-vivo MRI using the same 3 T
system as for in-vivo imaging and comprising T2WI with sequence parameters matching in-
vivo MRI aside from use of a rectangular FOV of 40% given the lack of surrounding pelvic
tissues. During this delay, the specimen was maintained at 4°C to minimi ze tissue changes.

Assessment of prostate volume and shape—Analysis of the images was performed
by a research fellow (C.0O.), under supervision of a fellowship-trained abdominal radiologist
(A.B.R.), with 5 years of experience in prostate MRI interpretation. The image analysis was
performed using locally-developed in-house software (Firevoxel), which has previously
been used to assess volume of other tissues 8.

Volume measurements of the in-vivo and ex-vivo prostate was achieved via planimetry,
which has been previously shown to be an accurate method for this purpose °. First, the
prostate was manually delineated on in-vivo and ex-vivo T2WI, excluding of surrounding
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peri-prostatic fat, the neurovascular bundles (if present ex vivo), the bladder neck, and the
seminal vesicles. Subsequently, volume was computed on a voxel basis.

The shape of the prostate was assessed by initially measuring the largest diameter of the
prostate in the anteroposterior (AP), right-to-left (RL), and craniocaudal (CC) dimensions.
Then, the AP/RL, AP/CC, and RL/CC ratios were calculated in vivo and ex vivo.

Statistical assessment

RESULTS

Paired t-tests were used to compare prostate volume, the three linear dimensions of the
prostate, and the three ratios between these linear dimensions representing prostate shape,
between in-vivo and ex-vivo images for each case. The mean, standard deviation, and
median percent changes in volume and in terms of the three ratios were computed between
the in-vivo and ex-vivo images. All p-values are two-sided and considered statistically
significant at p<0.05. Statistical analysis was performed using software (R, version 2.14.0,
CRAN, Vienna, Austria) and Excel (version 2011, Microsoft, Redmond, WA, USA).

In-vivo and ex-vivo MRI acquisitions, as well as the described volume and shape
measurements, were successfully performed in all 10 patients. The obtained volume and
shape measurements are summarized in Table 1. Mean prostate volume was significantly
smaller ex vivo than in vivo (39.7+18.6 versus 50.8+26.8 cm3, respectively; p=0.008), with
an average percent change in size of the prostate of —19.5%, equivalent to a 23% greater
volume of the prostate on in-vivo, compared with ex-vivo, MRI (Figure 1). In addition, there
was a decrease in size of the prostate in all three dimensions between ex-vivo and in-vivo
scans: RL dimension, 4.82+0.77 cm versus 5.05+£0.92 cm, p=0.015; AP dimension,
3.62+0.56 cm versus 4.01+0.78 cm, p=0.002; CC dimension, 3.9+0.82 cm versus 4.09+1.40
cm, p=0.087.

The ratios between the three linear dimensions of the prostate were compared to assess for a
tendency for the shape of the prostate to change between in-vivo and ex-vivo scans in a
particular orientation (Fig. 2). The RL/AP ratio of the prostate, thus representing the shape
of the prostate within its axial plane, was significantly larger ex vivo than in vivo (1.33+0.14
versus 1.21+0.12, respectively; p=0.015), with an average percent change in RL/AP ratio of
the prostate of +11.3%. There was no significant difference between scans in terms of
CCI/AP ratio (p=0.963, average percent change=—2.1%) or RL/CC ratio (p=0.265, average
percent change = +1.3%). Images from a representative case are shown in Fig. 3.

DISCUSSION

In the present study, a significant difference was observed in volume of the prostate
following surgical resection, with an average loss of 19.5% of the gland’s volume. To the
authors’ knowledge, this finding has not been previously assessed by comparison of in-vivo
and ex-vivo prostate MRI. The use of MRI for this purpose facilitated the determination of
prostate dimensions and volume. Furthermore, via careful evaluation of ex-vivo T2WI, it
was possible to include within the ex-vivo volume measurement only the prostate gland
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itself, while excluding all surrounding tissues. This is important because the resected
prostate is intimately associated with surrounding tissue such as fat, pelvic fascia, or the
neurovascular bundles, depending of the operative technique. These adjacent structures can
confound accurate specimen measurements of the specimen, but cannot be removed
physically; doing so may negatively impact evaluation of the surgical margin status 10 and
lead to improper staging. Thus, the present approach to evaluating the ex-vivo prostate via
MRI allowed for accurate measurements after image-based exclusion of peri-prostatic
structures, while preserving the integrity of the specimen for further histopathological
evaluation.

An additional key aspect of the present method was that the in-vivo MRI was performed
without use of an endorectal coil, which potentially could compress and deform the prostate,
thereby confounding the comparison with the ex-vivo prostate. For instance, Heijmink et
al.11 reported an approximately 18% difference in volume of the prostate evaluated by MRI
between examinations performed with and without an endorectal coil. Thus, in the present
study, the only difference between the two acquisitions was the interval surgical procedure
itself.

This finding in terms of volume reduction is important given the role of correlative studies
between multiparametric and histology, which have often used radical prostatectomy
specimens as the reference standard, in influencing the clinical integration of mpMRI 1213,
Numerous past studies have accounted for shrinkage of the prostate attributed to the process
of histopathological processing 14-16. This step accounts for change in volume due to tissue
dehydration that results from formalin fixation and paraffin embedding, but does not correct
for the loss of volume due to the surgery procedure, as per the current report. It is possible
that a greater degree of volume correction may be needed than in past studies given the
additional observed contribution of the surgical procedure to volume changes.

Although the decrease in volume of the ex-vivo prostate was due to a reduction in size in all
dimensions, this size reduction was not homogeneous between the three dimensions, as
indicated by the significant difference in the AP/RL ratio between the two acquisitions.
Thus, the surgical procedure is associated with a change in the shape of the prostate in the
axial plane. This spatial deformation may relate to a loss of connective tissue attachments,
for instance to the dorsal venous complex or lateral pelvic fascial’, that maintain the shape
of the in-vivo prostate, thereby releasing the prostate in the ex-vivo state and resulting in a
change in shape given the prostate’s viscoelastic properties!®. Therefore, magnification
alone of histopathological images, in order to account for the volume reduction, is not likely
to be sufficient to achieve optimal co-registration of in-vivo prostate MRI and
histopathological images; rather, as correlation of lesions is predominantly performed within
the axial plane, measures are needed to correct for the deformation within this plane
resulting from the surgery.

Numerous reports describe co-registration platforms currently in development from a variety
of centres 192021 The present findings support the need for such platforms to employ a
three-dimensional deformable approach in order to achieve optimal correlation. The
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resulting improved compensation for changes in volume and shape will be of much value
when performing co-localization of small tumours between MRI and histology.

Limitations of the present study include the small sample size, lack of assessment of
reproducibility of the volume metrics, and lack of confirmation of suggested reasons for the
change in prostate volume following prostatectomy.

In conclusion, via performance of MRI of fresh ex-vivo prostatectomy specimens, a
significant decrease of approximately 19% was demonstrated in the volume of the prostate
resulting from this surgical procedure. In addition, the surgery resulted in a significant
change in shape of the prostate in the axial plane. It is, therefore, advised that co-registration
platforms employ three-dimensional deformable transformation to compensate for this
volume loss and change in orientation in the axial plane, in order to achieve reasonable
accuracy in correlation. More accurate co-registration incorporating the present findings will
facilitate improved understanding of the accuracy of mpMRI in the spatial localization of
tumours within the prostate.
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Highlights

e Preresection prostates to freshly resected prostates were compared for volume
and shape.

* Volume and shape were quantified using in vivo and ex vivo T2w MRI at 3T.
e A -19.5% statistically significant volume decrease was reported after resection.
» Significant change in shape is observed on the axial slices.

» Findings impact MRI-histology correlation studies and further clinical
deductions.
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Comparison of in-vivo and ex-vivo prostate volumes in 10 patients. p-Value represents result
of paired t-test comparing the two sets of data.
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Comparison of in-vivo and ex-vivo ratios of linear prostate dimensions in 10 patients. p-
Value represents result of paired t-test comparing the two sets of data.
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In Vivo Ex Vivo

Figure 3.
Change in volume and shape between in-vivo and ex-vivo MRI. Axial T2WI images at the

level of the verumontanum are shown for (a) in-vivo and (b) ex-vivo acquisitions for a single
patient. (c—d) Images depict an identical red contour reflecting the external contour of the (c)
in-vivo prostate, although superimposed on the prostate in both images and demonstrating
the smaller size of the (d) ex-vivo prostate. (e—f) Images depict identical dotted green lines
reflecting the RL and AP dimensions of the (e) in-vivo prostate, although superimposed on
the prostate in both images and demonstrating the change in relation between these lines in
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the (f) ex-vivo prostate. (g—h) Images depict a three-dimensional, rendered, shaded surface
display of the (g) in-vivo and (h) ex-vivo prostate, generated from the two sets of T2WI
images, demonstrating a difference in prostate shape between the two scans; the prostate
exhibits its typical pyramidal shape in the in-vivo scan and a relatively spherical shape in the
ex-Vvivo scan.
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Comparison of volume and shape assessments between in vivo and ex vivo MRI

In-vivo MRI | Ex-vivo MRI

Volume

Mean=SD (cc)

50.8426.8 | 30.7+18.6

Median percent changeb

p-Value2 0.008
Average percent changeP? | ~19.5
Median percent change? | —22:3%
RL/AP ratio
Mean+SD 1.21+0.12 1.33+0.14
p-Value? 0.015
Average percent changeP | 12.2%
Median percent changeb | 11.3%
CCI/AP ratio
Mean+SD 1.09+0.22 1.10+0.18
p-Value? 0.963
Average percent changeb | 0-34%
Median percent change? | —2-1%
RL/CC ratio
Mean+SD 1.15+0.29 1.24+0.22
p-Value2 0.265
Average percent changeb | 8.8%
1.3%

aListed in bold when statistically significant at p<0.05.

b Lo )
Change from in-vivo to ex-vivo measurements.
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RL/AP ratio, right-to-left/anteroposterior ratio; CC/AP ratio, craniocaudal/anteroposterior ratio; RL/CC ratio, right-to-left/craniocaudal ratio.

Clin Radiol. Author manuscript; available in PMC 2015 December 09.



