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Objective: Elastography is a technique for detecting the stiffness of tissues. We applied
elastography for the diagnosis of prostate cancer and evaluated the usefulness of elasto-
graphy for prostate biopsy.

Methods: The subjects of this study were 311 patients who underwent elastography during
prostate needle biopsy at Hitachi General Hospital. Strain images obtained during com-
pression of the prostate tissue were displayed on a monitor and recorded on the computer.
The elastographic moving images (EMI) were evaluated retrospectively. The evaluable
images and biopsy results were compared in terms of the feasibility and accuracy.

Results: The median patient age was 67 years (range 50—-85 years), the median serum level
of prostate-specific antigen was 8.4 ng/ml (range 0.3—-82.5 ng/ml) and the median prostate
volume was 42.6 ml (range 12—150 ml). Among the 311 patients, prostate cancer was
detected in 95 patients (30%) by biopsy. The diagnostic sensitivity was 37.9% for digital
rectal examination (DRE) and 59.0% for transrectal ultrasonography (TRUS), whereas it was
72.6% for elastography and 89.5% for the combination of TRUS and elastography.
Elastography-positive EMIs with negative biopsies were eventually determined to be due to
benign prostatic hyperplasia.

Conclusion: Elastography has a significantly higher sensitivity for the detection of prostate
cancer than the conventionally used examinations including DRE and TRUS. It is a useful
real-time diagnostic method because it is not invasive, and simultaneous evaluation is

possible while performing TRUS.
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INTRODUCTION

Elastography is an imaging technique in which the
differences in tissue stiffness, produced by compression and
relaxation of the tissue, can be visualized. It has been shown
to be highly useful for the diagnosis of breast cancer (1) and
has now become available for the diagnosis of prostate
cancer. Cochilin et al. (2). initially reported the clinical
usefulness of this imaging modality in the diagnosis of
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prostate cancer for the first time in 2002. Konig et al. (3)
and Pallwein et al. (4) reported high diagnostic sensitivities
of this technique of 84% and 80%, respectively. Miyanaga
et al. (5) reported that the sensitivity of elastography in
patients with untreated prostate cancer was 93%, which was
significantly higher than that of digital rectal examination
(DRE) or transrectal ultrasonography (TRUS). We pre-
viously evaluated the feasibility and accuracy of elastography
using prostatectomy specimens (6). In the report, the
superior characteristics of elastography for the detection of
cancer in the anterior prostate, in particular, in addition to
the possibility of real-time diagnosis when performed
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simultaneously with TRUS were shown. Konig et al. (3)
reported the biopsy results, however, more than 50% of the
patients were performed repeated biopsies, so far the results
would be influenced by prostate fibrosis or inflammation due
to previous biopsy.

In the present study, elastographic moving images (EMIs)
obtained during prostate biopsy were retrospectively evalu-
ated and classified by analyzing the efficacy of elastography
alone and of elastography combined with TRUS, and the
feasibility of use of this imaging modality for prostate
cancer screening was verified. This is the first report of
precise analysis of EMIs.

PATIENTS AND METHODS
PATIENTS

A total of 311 patients with suspected prostate cancer based
on high serum levels of prostate-specific antigen (PSA)
(<4.0 ng/ml) and abnormal findings on DRE (palpable
nodular lesions), TRUS (detection of hypoechoic lesions)
and magnetic resonance imaging (MRI) (detection of low-
intensity lesions on T2-weighted images) were enrolled in
this study. Prostate biopsies were performed at Hitachi
General Hospital between April 2004 and March 2006.
Correlations between the EMI findings and the biopsy results
in each patient were analyzed.

EXAMINATION PROCEDURE

The patient was placed in the left lateral position, and trans-
rectal biopsy was performed under TRUS guidance; six to
eight cores of tissue were collected using an 18G biopsy
needle. For patients who had previously undergone transrec-
tal biopsy or those suspected based on the MRI findings to
have cancer in the anterior prostate, a total of 12—14 cores
were obtained, i.e. four to six cores by the transperineal
approach and eight cores by the transrectal approach, under
spinal anesthesia.

The elastography system consisted of an external personal
computer (PC, Inter(R) Xeon(R) 3.0 GHz x4), a modified
commercial ultrasound scanner (EUB-8500, Hitachi Medical
Corporation, Tokyo, Japan) and a transrectal probe
(7.5 MHz, dual 10R convex with manually perpendicular
biplane, EUP-CC531, Hitachi Medical Corporation, Tokyo,
Japan). The area from the base of the prostate to the apex
was evaluated before performing the biopsy.

Our elastography procedure has been described previously
(6): first, the prostate tissue is compressed by pushing the
ultrasound probe from above down (free-hand method), and
the ultrasound signals during compression are acquired. The
signals are transferred to a PC, where the strain images are
computed and displayed on the PC monitor using a translu-
cent color scale and superimposed on the TRUS images.
The color graduation extends from blue for hard tissue and
red for soft tissue. The EMIs were obtained over about 2 s
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per section and recorded on the external PC system. The
EMIs were obtained transversely from the base to the apex
of the prostate.

EvaLuATiON OF THE EMIs

Blue-colored areas were defined as positive elastography
findings, because cancer lesion is generally stiffer than the
normal prostate tissue (7). The EMIs were obtained by three
operators (T.M., M.T. and N.K.) who had the experience of
performing elastography on more than 20 patients. The pros-
tate biopsy results were evaluated in relation to the age,
serum PSA level, prostate volume and the DRE/TRUS/
elastography findings. One pathologist (T.S.) conducted the
diagnostic examination on the biopsy specimens. The EMI
findings were evaluated retrospectively blinded to the biopsy
results. The EMI evaluation was as follows (6): images were
classified as either evaluable (presence/absence of blue
lesions) or unevaluable (unstable EMI: no image available,
flicker or cross-sectional slip). Also, images in which the
surface of the prostate was not visualized in red due to insuf-
ficient compression were classified as unevaluable. The blue
areas of surrounding calcifications and anterior fibromuscular
stroma (AFS) were classified as errors, which mean they
were not evaluated as positive regions by elastography. EMI
cross-sections were classified into the base, middle or apex
of the prostate, and results were determined to be accurate
when the positive sites as determined by elastography (as
indicative of cancer) were the same as those found to be
affected by cancer on prostate biopsy.

STATISTICAL ANALYSIS

Patient data (age, serum PSA, prostate volume and biopsy
results) were collected retrospectively from the patient
records. The diagnostic sensitivity was calculated for each
examination. The association of the modality and the sensi-
tivity was examined by means of Fisher’s test and Cochran—
Mantel—Haenszel (CMH) test, employing the row mean
score statistics. CMH test is similar to the y? test but can
have greater power to detect certain departures from the null
hypothesis of row independence for ordinal variables (JMP5,
SAS Institute Inc, Cary, NC, USA).

RESULTS

The median age of the 311 patients was 67 years (range
50—85 years), the median serum PSA level was 8.4 ng/ml
(range 0.3—82.5 ng/ml) and the median prostate volume was
42.6 ml (range 12—150 ml). An initial biopsy was performed
on 219 patients. The remaining 92 patients underwent
a repeat biopsy. Six to eight tissue cores were obtained in
245 patients, and 12—14 cores, including 4 to 6 by the trans-
perineal approach, were obtained in 66 patients.
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Table 1. Sensitivity of the examinations

Table 3. Impact of Gleason score on the sensitivity of elastography

Modalities No. of positive/no. of cancer

(sensitivity %)

Gleason score No. of positive elastography/no. of cancer

(sensitivity %)

DRE 36/95 (37.9)
TRUS 56/95 (59.0)
69/95 (72.6)
85/95 (89.5)

Elastography
TRUS + elastography

6 23/35 (69)
7 21/29 (72)
8 13/16 (81)
9-10 10/14 (71)

The sensitivities of elastography and TRUS + elastography were
significantly higher than DRE or TRUS only by CMH test (P < 0.0001).
DRE, digital rectal examination; TRUS, transrectal ultrasonography; CMH
test, Cochran—Mantel—Haenszel test.

Prostate cancer was detected in 95 patients (30.5%) by
biopsy. The elastography findings were positive in 69
(72.6%) patients, in particular 27 (28.4%) were positive only
on elastography, including 20 with peripheral lesions and 7
with anterior lesions. The elastography findings were nega-
tive in 26 (27.3%), however, 17 of these cases were judged
to be positive on TRUS. All of the cancer lesions that were
judged to be negative by elastography were in the peripheral
regions of the prostate. The sensitivities of DRE, TRUS,
elastography and elastography combined with TRUS
(TRUS + elastography) are shown in Table 1. The overall
sensitivities of elastography and TRUS + elastography were
significantly higher than those of DRE or TRUS only, at
72.6% for elastography and 89.5% for TRUS + elastography
(P <0.001). Table 2 shows the relationships among the
serum PSA levels, prostate volume and the efficacy of elasto-
graphy and TRUS + elastography. No differences were
observed in terms of the serum PSA levels (P = 0.10, 0.92)
and the prostate volume (P = 0.12, 0.10). However, the
sensitivity of elastography tended to decrease as the prostate
volume increased. There were no differences in the
sensitivity related to the Gleason score (P = 0.61) (Table 3).

Of all the obtained 2338 EMIs (mean 7.5 EMIs per
patient, range 4—12), 1686 EMIs (72.1%: a mean of

Table 2. Impact of serum PSA and prostate volume on the sensitivity of
elastography

No. of positive
elastography/no. of cancer
(sensitivity %)

No. of positive
TRUS + elastography/no.
of cancer (sensitivity %)

PSA value
<10 ng/ml 32/49 (65.3) 44/49 (89.8)
>10 ng/ml 37/46 (80.4) 41/46 (89.1)
Volume
<50 ml 58/76 (76.3) 70/76 (92.1)
>50 ml 11/19 (57.9) 15/19 (79.0)

No differences were observed in terms of the serum PSA levels and the
prostate volume on elastography (P = 0.10, 0.92) and TRUS + elastography
(P=0.12, 0.10).

PSA, prostate-specific antigen.

There were no differences in the sensitivity related to Gleason score by
CMH test (P =0.61).

5.4 EMIs per patient, range 3—10) were considered to be
evaluable (Fig. 1). In the 733 EMIs with positive findings,
158 were consistent with the characteristics of cancer
lesions. Among the 575 elastography-positive EMIs with
biopsy negative, 424 (73.7%) were considered to show
benign prostatic hyperplasia (BPH). On the other hand,
652 EMIs (27.9%) were judged to be unevaluable: as a
result of insufficient compression in 271 and poor-quality
EMIs due to slip or flicker in 350. There were no differences
in the diagnostic sensitivity in relation to the number of
evaluable EMIs per patient (P = 0.70).

Figure 2 shows a case of a patient in whom prostate
cancer was detected only by elastography. He was a
62-year-old male with a serum PSA level of 22.0 ng/ml.
DRE was negative, and there were no abnormal findings on
TRUS (Fig. 2a). Elastography detected a blue lesion in the
right anterior prostate region (Fig. 2b). Transperineal biopsy
cores obtained from the right anterior prostate revealed ade-
nocarcinoma with a Gleason score of 4 + 4. The prostatect-
omy specimen revealed the cancer in the same region
(Fig. 2c¢).

DISCUSSION

Prostate biopsy is routinely performed for the diagnosis of
prostate cancer. As compared with the conventional sextant
biopsy technique of Hodge et al. (8), the more recent biopsy
methods allow an increased number of biopsy cores to be
obtained, with 8—12 as the standard (9). However, the com-
plications associated with the increase in the number of
biopsy cores (10) should be taken into consideration.
Detection of insignificant cancer should also be taken into
account, therefore, the targeted biopsy would be desirable.
Elastography is useful for the diagnosis of prostate cancer,
because prostate cancer lesions are stiffer than the normal
prostate tissue (7). This method is promising in that
the examination can be performed with minimal extra time
when performing TRUS (2). The reported sensitivity of elas-
tography for the diagnosis of prostate cancer is in the range
of 80—93% (3—5). Salomon et al. (11) reported that elasto-
graphy identified at least one tumor focus in each patient of
prostate cancer. Thus, elastography offers the potential for
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Figure 1. Classification of the elastographic moving images according to the results of analysis of the EMIs, 1686 (73%) of a total 2338 EMIs were evaluable,
and the remaining 652 (27%) were judged as unevaluable. Among 575 elastography-positive EMIs with biopsy negative, 424 (74%) images were considered
to show prostatic hyperplasia. EMI, elastographic moving image; AFS, anterior fibromuscular stroma.

(a) TRUS B-mode

(b) Elastography

(c) Prostatectomy specimen

Figure 2. Case presentation 62-year-old, serum PSA of 22 ng/ml, negative DRE. (a) Unclear lesion on TRUS. (b) Elastography shows a blue area in the right
anterior aspect (white arrow head). Biopsy result: right anterior lobe of the prostate (by transperineal biopsy), adenocarcinoma; Gleason score 4 + 4. (¢) The
pathology section revealed the tumor in the same region. PSA, prostate-specific antigen; DRE, digital rectal examination; TRUS, transrectal ultrasonography.

overcoming the disadvantages of DRE or TRUS by provid-
ing more information for the diagnosis of prostate cancer.
Our present study demonstrated the usefulness of elasto-
graphy in prostate cancer screening. Elastography showed a
significantly higher sensitivity than either DRE or TRUS
alone. One of the advantages of elastography is that its
diagnostic sensitivity for prostate cancer is nearly 90%, irre-
spective of the serum PSA, especially when the evaluation is
conducted in combination with TRUS (PSA < 10 ng/ml vs.
PSA > 10 ng/ml: 89.8% vs. 89.1%, Table 2). Elastography
is also less likely to be affected by the histological grades of
prostate cancer. However, the sensitivity has been shown to
decrease when the prostate volume is or exceeds 50 ml. This
is considered to arise from the confounding effect of BPH.
Also, there is a likelihood of the biopsy needle missing the
cancerous regions in patients with a larger size of the prostate.
Because this report was based on the results of prostate
biopsy, the likelihood of ‘false-negative’ results should be

considered. Therefore, we considered that the specificity
cannot be proved from this study.

Twenty-seven (28.4%) patients including 20 with
peripheral lesions and 7 with anterior lesions were detected
by elastography but not by TRUS. There were no the special
pathological findings including Gleason scores in these
lesions. On the other hand, some patients included in this
study had cancer lesions in the peripheral regions that were
evaluated as negative by elastography but were detected by
DRE or TRUS. Although it is not clear why peripheral
lesions are sometimes not detected by elastography, possible
effects of the characteristics of the probe or the anatomical
features of the prostate may be involved (6).

There are some problems with the use of the free-hand
method in performing elastography for the diagnosis of pros-
tate cancer. One of the most limiting is the difficulty in mas-
tering the technique required to obtain appropriate EMIs. As
shown in Fig. 1, 27.8% of the EMIs, even those obtained by
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experienced operators, were judged to be unevaluable due to
technical problems. One of the causes is compression point
deviations due to the shape of the biplane probe. Pallwein
et al. (4) have used a linear endofire probe for performing
elastography. Although the endofire probe allowed easier
compression than the biplane probe, the examiner needs
about 3 months of training. Another technical difficulty is
the inability to visually confirm the degree and location
of the compression when using a transrectal probe, whereas
in the case of a breast lesion, for example, the operator can
visually identify the compressed region. Furthermore, as an
anatomic characteristic of the prostate, compression of the
prostate from the anal canal may prevent transmission of
sufficient compression through the entire prostate. It should
be noted that compression applied to the posterior region of
the prostate is different from that applied to the anterior
region (12).

Another problem is the high frequency of elastography-
positive EMIs due to the prevalence of BPH. Our elastogra-
phy system produced many ‘blue’ EMIs in the presence of
BPH, because hypertrophic prostate would be also stiffer
than normal tissue (7). This tendency became more pro-
nounced as the prostate volume increased. Pallwein et al. (4)
did not include the inner gland findings because prostate
cancer in the transition zone is rare, and elastography can
produce stiffness artifacts with increasing depth of ultra-
sound penetration. However, our previous report showed the
superior characteristics of elastography for the detection of
lesions in the anterior prostate (6). Sumura et al. (13) also
reported that the cancer detection rate in the anterior prostate
was higher than that in the peripheral region (75% vs.
73.7%). These reports show that elastography is more
effective for identifying cancer in the anterior region of the
prostate, therefore, this region should not be excluded during
the examination. Also, the evaluation criteria should be
developed for EMIs obtained from the inner glands. These
problems indicate the limitations of the free-hand method
when performing elastography of the prostate. Improved
evaluation methods should be considered to resolve these
problems.

CONCLUSION

In this study, we evaluated the usefulness of elastography
during prostate biopsy for the detection of prostate cancer.
The method provides advantages such as real-time diagnosis
and shows a much higher sensitivity than that of the conven-
tionally used TRUS or DRE. However, the difficulty in per-
forming the examination and the high frequency of

elastography-positive EMIs with negative biopsy need to be
addressed. Also, the reason for the difficulty in the detection
of peripheral cancer lesions is unclear. At present, the
free-hand method has limitations when it is applied for the
diagnosis of prostate cancer.
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