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Objectives: Several researchers have shown that three dimensional (3D) distribution analysis of prostate cancer is helpful
when initiating needle biopsy procedures. Knowledge regarding the distribution of prostate cancer could enhance under-
standing of the pathophysiology involved and improve detection of these malignancies. We propose utilizing digital process-
ing techniques to analyze prostate cancer distribution in a 3D setting. Methods: Pre-made radical prostatectomy sample
slices were digitized with a resolution of 76 dpi. Slices of each sample were aligned and registered by deformation algorithm
and interpolated for analysis of relative distribution statistics. We analyzed 80 samples saved in electronic medical record and
compared the detection rate of preoperative needle biopsies and radical prostatectomies using our 3D analysis technique.
Results: The statistical 3D distribution of prostate cancer was evaluated using a 36-sector process. Results were represented
in the following two ways: distribution of a single patient, and statistical distribution of prostate cancers of multiple patients.
The overall concordance rate was 62.7% between the two methods; therefore a technique is needed which can raise this per-
centage. Conclusions: We suggest using the normalization method to develop a software tool which permits reconstruction
of the 3D distribution of prostate cancer from 2D legacy images and reduces the loss of image quality as well. This applica-
tion will facilitate detection of prostate cancer by aiding in the determination of the most effective clinical position via partial
sampling with decreased patient inconvenience.
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As increase of old age population, prostate cancer is more
important cancer increasingly in Korea. According to report
of Korea central cancer registry, prostate cancer has in-
creased up to 270% between 1999-2008 [1]. It shows a high-
est increasing rate than other cancers.

The sextant biopsy technique has been used widely with
success in diagnosing prostate cancer. However concern has
arisen that the original sextant method may not include an
adequate sampling of the prostate. Complete sampling of the
entire prostate which has increased prostate specific antigen
(PSA) level most accurately provides prognostic informa-
tion. However, it demands time, cost, and burden of patients.
Therefore, most pathologists adopt various partial sampling
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methods [2].

A partial sampling method has different probability de-
pends on sites of biopsy. There are some partial sampling
methods for improve detecting prostate cancer. Zeng et al.
[3] predicted number of biopsies and clinical positions for
accurate diagnosis through modeling three dimensional (3D)
prostate and simulation. Egevad et al. [4] developed for three
dimensional modeling of prostate cancer and transrectal
biopsy. It validated 10 standardized virtual biopsies, 24%
would have remained undetected with sextant biopsies.

As result of these studies shows the distribution of prostate
cancer would be very useful for increasing probability of di-
agnosis prostate cancer [3-6]. These studies not only present
general biopsy protocols but also develop three dimensional
tools for showing cancer distribution of prostates using vari-
ous and useful computer algorithms.

In this study, we present a tool for distribution of prostate
cancer in Korean from 2D legacy images, this would be help-
ful to detect prostate cancer accurately. As technical point of
view, Kang et al. [7] does not defined with different size of
prostate, we enhanced that reconstructing the 3D distribu-
tion of prostate cancer using normalization method. There-
fore we presented distribution of prostate cancers regardless
of their size.

Il. Methods

1. Digital Specimen and System Configuration

Figure 1 shows the concept in order for this experiment.
Each radical prostatectomy specimen was measured,
weighed, and fixed in 10% buffered neutral formalin. All
prostates were processed using the complete sampling meth-
od. In brief, after application of four different color inks on
the surface of the right, left, anterior, and posterior prostate.
The basal portion of the prostate was shaved using a trans-
verse cut. The apical portion was amputated 5 mm from the
apical margin in all cases, thus generating a cone-shaped
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specimen which was sliced serially at 3-5 mm intervals per-
pendicular to the prostatic urethra. To generate the tumor
map, the slices were arranged orderly and their outline, di-
rection, prostatic urethra, any suspicious area of tumor, and
cassette number were then recorded on an overlain overhead
projector film. Each slice was embedded in one cassette or
divided into 2-4 cassettes, according to its size. Both shaved
basal and amputated apical prostates were submitted sepa-
rately. We scanned each slice as 76 dpi resolution and it used
as input data for analysis software of cancer distribution. The
scanning resolution is determined by the redrawing size of
the specimen on A4 paper and the appropriate resolution of
640 pixels (horizontal) on computer processing.

2. Registration

It is difficult to know the standard distribution because of
discordances in size and shape between samples. We should
comply shape and size of samples to analysis the distribution
of prostate cancers in objectively and quantitatively. We call
this procedure ‘Registration’ This procedure is composed of

‘Alignment, ‘Deformation, and ‘Normalization’

1) Alignment

It is difficult to align slices when they were stacked for recon-
structing the 3D distribution without standard position. One
of solution is marking out two or more point through the
needle. We marked two points on the sliced prostate sample
with needle. These two marks make reference points to
align sample itself. But on older samples does not have these
markers. In this case we apply next deformation procedure.

2) Deformation

In case of multiple analysis module requires consistent dis-
tribution even if prostate size are different. However, there
is no reference in early studies [7-12] thus we defined our
own normalization method for prostate cancer distribution
of group patients. So we need some standardization proce-

Data Specimen . Fill color on Scanning
preparation | production - Marking - cancer region » 76 dpi \
Processing | Normalization | 4m | Registration | 4m | Deformation |4m | Alignment
Analysis & \- Sectioning & Figure 1. The overall processing dia-
display 3D reconstruction 9 P . .g .
gram of the 3D distribution
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dure on sample slices. We call this procedure a ‘Deforma-
tion. First of all, we made a standard template of a prostate
slice. We got an image of prostate slice from textbook and
post-process it. And then we smooth the edge of sample.
We adapt the polar coordinate. Then the pixel movement of
sample in outer direction is,

Po> Py + Fy
Py > Py + (Py; / Py )*Fy (1)

Figure 2 shows the standard template and the deforma-
tion procedure. Where P, denotes the pixel position of the
smoothed sample outline in the direction of 0 and length L.

_(—Te_rﬁplate outline

Smoothed samble 6utline

Figure 2. Template made from textbook and deformation proce-
dure.
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Figure 3. Normalization of samples
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F, denotes the difference between sample outline and tem-
plate outline in the direction of 6. And P, denotes the inner
pixel position of sample in the direction of 8 and length i.
First, the sample edge is smoothed and then deformed to
template outline.

After this pixel movement procedure we restore the rect-
angular coordinate. And then apply tri-linear interpolation
algorithm to fill holes between sparsely relocated pixels.

3) Normalization

When we make a digital sample from legacy images, there
was 4 mm space between slices. This is a main reason of re-
ducing quality of images. In this study, we suggested the nor-
malization method which is a digital sampling method such
as Figure 3. For example, if number of slices is decreased
than average number of slice, we make increased number
of pixels such as (a) in Figure 3. On the other hand, number
of slices is increased, decreased number of pixels like (c)
in Figure 3. After normalization method, we carry out tri-
linear interpolation [13] for improve to image quality. Figure
7 shows the results which are normalized distribution of 148
patient’s specimens.

3. Sectioning and 3D Reconstructing

A number of needle biopsies are changeable at the partial
sampling. Generally, 10-12 preoperative needle biopsies are
preferable, more than 20 times as the case may be [14]. The
prostate was divided into 36 parts by dividing the prostate

} 21 pixels

which have different spec-
imen sizes. Sample (A) has
less slices for normal. So
the thickness is increased
to 21 pixels for each slice.
(C) Sample has more slices
for normal. So the thick-
ness is reduced to 7 pixels
for each slice.

> 7 pixels
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into anterior (A) and posterior (P) potions and into lateral
(L), middle (M), central (C) potions of the right and left
lobes horizontally and into upper (U), middle (M), lower (L)
levels vertically (Figure 4). The tumor size and volume were
measured by the computer program according to the tumor
positive area among the 36 parts of the prostate.

I1l. Results

In this study, LabVIEW 8.2 (National Instruments, Austin,
TX, USA) was used a programming language and hardware
environment consisted of Pentium D CPU 3.0 GHz PC using
Windows XP as the operating system.

Figure 5 illustrates the deformation results. Sample slices
are deformed to template shape.

Central (C)
)
Lateral (L) Median (M)  Lateral (L)
Posterior (P)
Anterior (A) Upper (U)
Y Y .
eft (1) Right (R) Middle (M)
Lower (L)
1/3
1/6 ex) ALMU=anterior, left, median, upper

Figure 4. Definition of 3-dimensional distribution sections.
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Figure 6 illustrates distribution of single sample module.
Each image consists of slices with 4 mm interval, and they
are piled up one on another. All images represent X-Y, Y-Z,
X-Z plane and the direction indicate with single characters
such as ventral (V), dorsal (D), left (L), right (R). The digital
image of each case showed boundaries of the prostate and
tumor. The color of intensity graph means accumulated den-
sity of prostate cancer probability.

In the multiple analysis module processes the normaliza-
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Figure 6. Three-dimensional distribution of prostate cancer us-
ing single sample analysis.
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After deformation

Figure 5. Deformation results.
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tion method and interpolation to the group have different
size of prostate. Figure 7 shows 148 samples that are merged
into one average size of prostate volume. In case of mul-
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Figure 7. Three-dimensional distribution of prostate cancer using
multi-sample analysis.
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tiple analysis module has a threshold valued boundaries of
prostate and tumor. Because if does not the threshold value,
all images would be filled with boundaries. The threshold
value is also variable so we could modulate the thickness of
boundaries.

This study initially included 190 consecutive prostate cancer
patients who received radical prostatectomy at Asan Medi-
cal Center from January 1 to December 31, 2006. Among
these patients, 42 were excluded; 28 patients were excluded
because of no glass slides or tumor maps and 14 patients un-
dergone preoperative hormonal therapy. A total 148 patients
were therefore included in this study. Clinical information
and the results of digital rectal examination and radiological
studies were obtained from the patients’ electronic medical
records. Table 1 shows comparison between preoperative
needle biopsy and radical prostatectomy specimens. On the
preoperative needle biopsies, the right and left lobes showed
tumor positivity in 57 cases (71.3%) and 50 cases (62.5%), re-
spectively. On the resected prostates, the right and left lobes
showed tumor positivity in 73 cases (91.3%) and 65 cases
(81.3%), respectively. The mean overall concordance rate be-
tween preoperative needle biopsy and radical prostatectomy
specimens, was 62.7% (Table 2). As the tumor was more

Table 1. Comparison between preoperative needle biopsy and corresponding radical prostatectomy specimens

Biopsy (n = 80)

Prostatectomy (n = 80)

Concordance (n = 80)

Right® Left® Right® Left’ Right® Left®
Upper level 25(31.3) 26 (32.5) 41 (51.3) 25(31.3) 56 (70.0) 55 (68.8)
Mid-level 39 (48.8) 27 (33.8) 61 (76.3) 49 (61.3) 52 (65.0) 42 (52.6)
Lower level 42 (52.5) 24 (30.0) 67 (83.8) 55 (68.8) 53 (66.3) 43 (53.8)
Total 57 (71.3) 50 (62.5) 73 (91.3) 65 (81.3) 161 (67.1) 140 (58.3)
Values are presented as number (%).
The number of *tumor positive cases, "concordant cases.
Table 2. Distribution result of radical prostatectomy specimens using 36 section analysis
Prostatectomy (n = 80)
Left Right
Lateral Central Median Median Central Lateral
Anterior Upper 9(11.2) 22 (27.5) 24 (30.0) 16 (20.0) 25(31.2) 15 (18.7)
Mid 26 (32.5) 37 (46.2) 34 (42.5) 35 (43.7) 43 (53.7) 34 (42.5)
Lower 30 (37.5) 53 (66.2) 47 (58.7) 45 (56.2) 48 (60.0) 29 (36.2)
Posterior Upper 24 (30.0) 29 (36.2) 19 (23.7) 25(31.2) 29 (36.2) 23 (28.7)
Mid 39 (48.7) 44 (55.0) 39 (48.7) 41 (51.2) 55 (68.7) 51 (63.7)
Lower 34 (42.5) 56 (70.0) 49 (61.2) 57 (71.2) 61 (76.2) 41 (51.2)

Values are presented as number of tumor positive cases (%).
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frequent in the right side than in the left side of both needle
biopsy and prostatectomy specimens, the concordance rate
was slightly higher for the right side (67.1%) than for the left
side (58.3%). Needle biopsy revealed high specificity (82.4%)
but relatively low sensitivity (50.7%) for the regional detec-
tion of prostate cancer, with 82.5% and 50.5% positive and
negative predictive values, respectively. These results show
that it needed improved protocol for cancer detection rate by
biopsy.

Table 2 presents 36 section distribution rates in this study
which has 80 samples. We expect this result would be help-
ful to build a new method for improvement of preoperative
needle biopsy afterward.

IV. Discussion

The knowledge of distribution of prostate cancer could be
helpful for planning preoperative biopsy and well treatment
to the patients. The importance of this issue emphasized in
several researches. In 1988, McNeal et al. [15] suggested zon-
al distribution of prostatic adenocarcinoma. In 2000, Chen
et al. [16], developed computer based algorithm for distri-
bution of prostate cancer about 180 patients who received
radical prostatectomy. But in that study, they just standardize
the width (x) and height (y) at a given length (z). They insert
additional virtual slices for a total 19 slices. In the contrary,
we adopt deformation and normalization algorithms.

In case of compare with westerner, Korean has less preva-
lence, volume, and also characteristics different depends on
races. Consequently, in 2006 Kang et al. [7], they made a Ko-
rean patients oriented prostate tumor map through 186 pa-
tients. However, they only suggested distribution of prostate
cancer about similar size. In this study, we defined the nor-
malization method which applicable every size of prostates
into distribution analysis objectively. Especially, this method
is useful for converting legacy 2D images to 3D views, as
well as analysis of approximate prostate volume.

In this study, we considered this application will not only
help to find effective clinical position by partial sampling
that detecting prostate cancers but also release burden of pa-
tients.
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