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Introduction

Prostate cancer is the second most common cancer in men (after skin cancer) as well as the
second most common cause of cancer death (after lung cancer). In 2010, it is estimated that
there will be 217,730 new cases diagnosed and approximately 32,050 deaths.! Over the last
decade, there has been a steady rise in the detection of prostate cancer largely due to
increased use of prostate-specific antigen (PSA) screening. This has led to increased use of
systematic transrectal ultrasound (TRUS) guided biopsy in which the prostate is sampled in
the same stereotypical fashion in all patients regardless of tumor location, resulting in false
negatives in 10-40% of cases.2~> Advanced imaging techniques, primarily magnetic
resonance imaging (MRI) have the potential to address this by allowing more accurate tumor
localization, enabling image-guided targeted biopsies® as well as facilitating optimal
planning of treatment. This will prove to be especially useful with the emergence of novel
and potentially less morbid targeted therapies.’

T2-weighted (T2W) MR imaging has traditionally been used for morphologic prostate
cancer imaging, however it is limited by its low specificity particularly in the central gland.
Even in the peripheral zone, benign conditions such as prostatitis, benign prostatic
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hyperplasia (BPH), or scarring can appear hypointense on T2-weighted MRI, mimicking
cancer. To overcome this, additional techniques such as MR spectroscopy (MRS), dynamic
contrast enhanced (DCE) MRI, and diffusion-weighted MR imaging (DW MRI) have been
used to increase specificity with improved results.8-13 Areas suspicious for prostate cancer
have an increased choline (cho) to citrate (cit) ratio on MRS, increased early contrast uptake
and washout on DCE MRI, and a hypointense appearance indicative of decreased Brownian
motion of water on DW MRI. However, implementing these sequences requires more time,
higher signal-to-noise ratios (SNR), and higher field strength magnets.14-15

Despite these advances in multiparametric MR imaging, a major obstacle in validation of
MRI remains the accurate registration of whole-mount histopathology slices to imaging
findings. Previous papers, including our prior work, have addressed this issue with
numerous techniques for registration and slicing.14:16-21

To accurately register whole mount histopathology to MRI, we previously described a
technique to create a patient-specific MRI-based prostate mold22. The one-to-one correlation
between histopathology and MRI findings enables reliable reporting of the accuracy of
multiparametric MRI for localization of prostate cancer. Herein, we describe the application
of our customized mold to a patient with prostate cancer, and present the resultant
correlation of MRI findings with histopathology sections.

Case Presentation

A 67-year old man presented to his local urologist for yearly PSA screening and digital
rectal exam (DRE). He had lower urinary tract symptoms including weak urinary stream and
incomplete emptying. Serum PSA was elevated to 5.6 ng/mL. A TRUS guided biopsy was
performed which revealed Gleason 6 (3+3) prostatic adenocarcinoma in 2 of 12 cores (8% in
the left lateral mid, 6% in the right lateral mid). The patient’s American Urologic
Association Symptom Score (AUASS) was 17 out of 35 and Sexual Health Inventory for
Men (SHIM) score was 18 out of 25. Physical exam revealed a small palpable left apical
prostate nodule on digital rectal examination but was otherwise unremarkable. Review of
systems was negative.

The patient sought a second opinion and was seen in the NCI Multidisciplinary Prostate
Cancer Clinic. After consultation he chose to undergo a multiparametric prostate MRI at
3.0T, using an endorectal coil and phased-array surface coil,1# followed by robot-assisted
laparoscopic radical prostatectomy. T1-weighted, T2-weighted, diffusion-weighted,
dynamic contrast enhanced, and MR spectroscopy images were obtained, along with delayed
axial post Gadolinium injection T1-weighted images of the abdomen.

A 9 x 7.5 mm hypointense lesion was detected in the right anterior central gland on T2W
MRI and apparent diffusion coefficient (ADC) maps of DW MRI. MR spectroscopy
revealed a voxel with increased choline/citrate ratio and DCE MRI demonstrated hyper-
enhancement within the lesion, supporting the diagnosis of cancer (figure 1a-e). In addition
there were right mid and bilateral mid-base peripheral zone lesions that were positive only
on T2W MRI. There was no evidence for extracapsular extension, seminal vesicle invasion,
nodal or osseous involvement.

Generation of Patient-Specific Prostate Mold, Specimen Processing and Correlation

Prior to the prostatectomy, a mold of the prostate based on the MR images was created.
Design of the mold begins by manual segmentation of pre-surgical multiplanar T2W MR
images of the prostate. The prostate is outlined in each MRI plane and converted via
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software into a 3D object that represents the topography of the patient’s prostate. The 3D
object is then compared back against the original MR images to resolve any discrepancies.

The final 3D model of the prostate is then imported into SolidWorks (SolidWorks, Dassault
Systemes SolidWorks Corp., Concord, MA, USA), a 3D design software. There, it is
subtracted from a pre-generated rectangular mold to create an internal cavity that precisely
shapes the patient’s prostate based on the MRI. Slots for slicing the prostate are designed
into the mold at 6 mm intervals corresponding with the location of the axial MR slices. To
allow proper orientation of the patient’s prostate, the mold is marked with labels for left,
right, base, apex, and the cranial and caudal ends of the urethra. The mold is generated in
two halves as shown (figure 2a) to allow insertion of the prostate specimen. The mold is
printed using a 3D printer (Dimension Elite 3D printer, Stratasys, Inc., Eden Prarie, MN,
USA) that deposits consecutive 0.010 inch layers of acrylonitrile butadiene styrene (ABS)
plastic to create the final prostate mold (figure 2b). To reduce the amount of plastic needed,
solid portions of the mold are printed in a honeycomb lattice.

After surgical excision, the prostate is transported to the pathology lab where the specimen
is inked such that the anterior is black, right posterior is blue, left posterior is red, and
urethra is yellow (figure 3a). The prostate is then fixed in formalin overnight at room
temperature.

Prior to placing the prostate into the mold, the seminal vesicles are excised. The prostate is
oriented in the mold such that the color-coding matches the labels on the mold (figure 3b).
The dual urethral markers are important for appropriately rotating the specimen within the
mold. Whole mount sections of the prostate are cut with a single long blade using the mold
as a guide creating 6mm tissue blocks (figure 4). A single blade was chosen because it
avoids the difficulties encountered with a multi-blade approach such as increased friction
and specimen displacement.

After slicing, histopathologic sections were prepared from the tissue blocks and a Gleason 6
(3+3) lesion was identified in the right anterior central gland (figure 1f). The size and
location of the lesion correlated with the findings on multiparametric MR imaging
previously described. The patient-specific mold allowed for direct histopathologic
correlation with the MRI findings, validating the ability of MRI to detect prostate cancer in
this case.

Comment (Peter Pinto, MD)

Anterior lesions such as the one seen in this patient are difficult to detect on DRE and can
easily be missed on TRUS guided biopsy. In these cases, MR imaging may prove to be an
invaluable diagnostic tool in a urologist’s armamentarium, however its accuracy still
requires further validation. Prior studies have attempted to define various techniques of
specimen orientation, securing, and sectioning to register tumor locations between
histopathology and MR imaging. 23 Graser et al. divided the entire prostate into six
segments (right and left bases, middle gland, and apex) and correlated histopathologic
findings in each sextant to gross regions on MRI.16 Kiessling et al. generated 3D
reconstructions of histologic images, which could then be digitally re-sliced in similar planes
to MRI.17 Fitterer et al. considered histopathology findings to match MRI if located within
8 mm, or two slices.18 Several groups have also constructed devices to hold the prostate
during slicing, however none of these devices conform to the /7 vivo shape of the patient’s
prostate during MRI nor do they control for prostate deformation during slicing.1%-21 Qur
previous method of correlation without a patient-specific mold lacked strict one to one
registration between the MRI and corresponding whole mount sections.24 Our current
technique overcomes this issue by offering the advantage of combining gross anatomic
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landmarks with /n vivo MRI measurements for orientation, a patient-specific mold to secure
and reshape the organ during slicing, and slots of equal spacing for controlling section angle
and thickness. We have shown that this technique can be used to accurately register
histopathologic images to MR imaging findings, a crucial step in validating MRI as a tool
for diagnosis and localization of prostate cancer.

The prostate mold defined in our report is not without its limitations. The initial cost of the
3D printer is nearly $15,000 while the cost of the ABS plastic per mold is $80. Generating
the mold is also time consuming as it currently requires manual segmentation of the area of
interest from the pre-surgical MRI and approximately 8 hours to print. This necessitates
advanced planning and could limit the frequency of patients for whom this technique can be
applied. We also observed that in cases where the prostate was removed with excess
surrounding tissue (i.e. periprostatic fat), fitting the prostate into the mold was difficult.
Finally, although this customized prostate mold has proven to be a valuable tool for
research, its applications to community practice are limited at this time. In the future, it is
anticipated that the speed of printing could be optimized, and cost reduced to less than $10
by using less expensive material. Furthermore, lower cost entry-level printers (<$4,000) are
available which print faster at lower resolutions, albeit still seemingly adequate for our
prostate mold application. We are also investigating slicing the prostate while fresh instead
of fixed to enable biomolecular profiling (i.e. genomics). We hope these advances will play
arole in enabling individually tailored focal therapies in the future.

Conclusion

The ability to use MRI as a means to localize and stage a patient’s prostate cancer has the
potential to improve its diagnosis and management. Newer prostate biopsy techniques that
are in gantry or those that fuse a patient’s MRI with TRUS guided platforms can be used to
obtain targeted biopsy samples rather than blind biopsies, which may fail to detect a
patient’s cancer or undersample it.” Once a region of cancer has been identified, these
patients may go on to receive targeted therapy rather than treatment of the entire gland, thus
decreasing the potential for significant morbidity.® These advances will be dependent on the
further development and refinement of imaging modalities such as MRI as an accurate tool
in identifying, localizing, and staging prostate cancer. To this end, our patient-specific MRI
based prostate mold allows for the precise validation of /7 vivo imaging studies by enabling
registration to whole mount histopathology.
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Figure 1.

Prostate multiparametric MRI and whole mount histopathology correlation. Axial T2-
weighted (a) and ADC map of diffusion weighted (b) MR images demonstrate a
hypointense lesion (arrow) in right mid anterior central gland suspicious for cancer. MR
spectroscopy (c) increases the suspicion for cancer by demonstrating an increased ratio of
choline (cho)to citrate (cit) ratio in this right mid anterior central gland lesion (*) when
compared with the normal adjacent left side (+). Forward contrast rate [Ka"S] (d) and
reverse contrast rate [Kep] (€) maps of dynamic contrast enhanced MRI support presence of
tumor (arrow). Histopathologic whole mount slide (f) confirms presence of Gleason score
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3+3=6 cancer (green dotted line), correlating to the tumor detected on multi-parametric MRI
(A= anterior, L = left, P= posterior, R =right). Areas outlined in blue represent BPH.
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Figure 2.

Customized, patient-specific prostate specimen mold. (a) Three-dimensional representation
of final prostate mold in green, shown in two halves with a 3D model of the patient’s
prostate shown in brown. The mold is labeled with the anatomic boundaries of the prostate
(base, apex, left) and two markers for either side of the urethra. Slots placed every 6 mm on
the mold correspond anatomically with location of MR axial slices, allowing the prostate to
be sectioned such that histologic sections can be registered with MR images. (b) Mold is
created using a 3D printer, shown here in two halves fit together using small pegs/slots in
the corners.
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Figure 3.

Excised prostate specimen. (a) Specimen shown immediately following excision with
seminal vesicles attached, inked as follows to maintain orientation: anterior black, right
posterior blue, left posterior red, and urethra yellow. (b) After overnight formalin fixation,
seminal vesicles are excised and specimen is placed in the mold with the appropriate
orientation, prior to being closed and sectioned.
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Figure4.

Prostate slicing within the mold and resultant tissue blocks. (a) Mold is closed and clamped
to prevent motion or significant tissue deformation while slicing. (b) Resultant 6 mm tissue
blocks, arranged from base to apex, are used to create whole mount histopathology slides.
These slides can then be correlated 1 to 1 with their corresponding axial MRI slices.
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