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Purpose: To retrospectively assess whether magnetic resonance
(MR) imaging and MR spectroscopic imaging and selected
molecular markers correlate with each other and with
clinically insignificant and significant prostate cancer
(PCa), as defined at surgical pathologic analysis.

Materials and
Methods:

The institutional review board approved this HIPAA-compli-
ant study and waived informed consent. Eighty-nine men
(mean age, 63 years; range, 46–79 years) with
biopsy-proved PCa underwent combined endorectal MR im-
aging and MR spectroscopic imaging before radical prosta-
tectomy. Suspicion of clinically insignificant PCa was retro-
spectively and separately recorded for MR imaging and com-
bined MR imaging and MR spectroscopic imaging by using a
scale of 0–3. Clinically insignificant PCa was pathologically
defined as organ-confined cancer of 0.5 cm3 or less without
poorly differentiated elements. Prostatectomy specimens un-
derwent immunohistochemical analysis for three molecular
markers: Ki-67, phospho-Akt (pAkt), and androgen receptor
(AR). To examine differences in marker levels for clinically
insignificant and significant cancer, a Wilcoxon rank sum test
was used. To examine correlations between marker levels
and MR imaging or combined MR imaging and MR spectro-
scopic imaging scores, the Spearman correlation was used.

Results: Twenty-one (24%) patients had clinically insignificant and
68 (76%) had clinically significant PCa at surgical patho-
logic review. All markers were significantly correlated with
MR imaging and combined MR imaging and MR spectro-
scopic imaging findings (all correlation coefficients �0.5).
In differentiating clinically insignificant from clinically sig-
nificant PCa, areas under the receiver operating charac-
teristic curves for Ki-67, AR, pAkt, MR imaging, and com-
bined MR imaging and MR spectroscopic imaging were
0.75, 0.78, 0.80, 0.85, and 0.91, respectively.

Conclusion: The use of pretreatment MR imaging or combined MR imag-
ing and MR spectroscopic imaging and molecular marker
analyses of biopsy samples could facilitate better treatment
selection.
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Prostate cancer (PCa) screening
has led to increased detection of
small-volume (�0.5-cm3) low-

grade (Gleason score, �6) organ-con-
fined PCas (1). Many of these cancers
have indolent histologic characteristics
and are not destined to metastasize or
otherwise threaten the life of the patient
(1). A number of clinical nomograms
are available for predicting whether a
cancer is clinically insignificant or signif-
icant (2–9). The nomograms are used
mainly to counsel men who are consid-
ering active surveillance rather than im-
mediate therapy with curative intent
(2–9). Recently, our group designed
and tested the feasibility of applying
new nomograms to predict the proba-
bility of clinically insignificant PCa on
the basis of standard preoperative clin-
ical variables (clinical stage, serum
prostate-specific antigen [PSA] level)
and biopsy data and findings from mag-
netic resonance (MR) imaging and MR
spectroscopic imaging (10). The nomo-
grams incorporating MR imaging find-
ings proved to be significantly more ac-
curate than the clinical nomograms
(P � .001), although the results still
need to be validated prospectively (10).

Better methods of discriminating
between clinically insignificant and sig-
nificant cancers are needed to further
improve patient management. A trend
toward increasing metabolic abnormal-
ity with higher Gleason scores has been
found in PCa lesions identified correctly

by using MR spectroscopic imaging
(11). To gain insight into the relation-
ship between cellular proliferation and
the metabolic changes associated with
the presence and aggressiveness of
PCa, investigators correlated the prolif-
eration marker Ki-67 with high-resolu-
tion MR metabolic imaging data; both
the metabolic data and the mean stain-
ing index for Ki-67 differed significantly
between benign and malignant tissues
(P � .01) (12). Multiple PCa biomark-
ers have been assessed for their rela-
tionship to Gleason grade, clinical stage,
and recurrence by using traditional im-
munohistochemical (IHC) methods or a
systems pathology approach (13–32).

The purpose of our study was to
retrospectively assess whether com-
bined MR imaging and MR spectro-
scopic imaging and selected molecular
markers correlate with each other and
with clinically insignificant or signifi-
cant PCa, as defined at surgical patho-
logic examination. Three specific
markers were selected on the basis of
their reported association with PCa
progression: Ki-67, a proliferation
marker; phospho-Akt (pAkt), a serine-
threonine kinase critical to signal trans-
duction pathways involved in cell prolif-
eration, apoptosis, and angiogenesis;
and androgen receptor (AR), the phos-
phoprotein that mediates the actions of
male sex hormones by acting as a tran-
scription factor and interacting with the
phosphoinositide 3-kinase pathway
(15,20,21,23–32).

Materials and Methods

Patient Demographics
From November 1999 to March 2004, 592
patients with PCa were referred (P.T.S.,
with �30 years experience) from the urol-
ogy department forMR imaging before rad-

ical prostatectomy. Of these, 363 patients
underwent combined endorectal MR imag-
ing and MR spectroscopic imaging. Of
these, 89 (mean age, 63 years � [standard
deviation] 6.58; range, 46–79 years; PSA
range, 2.6–76.8 ng/mL (2.6–76.8 �g/mL);
biopsy Gleason score range, 6–9) gave in-
formed consent for tissue collection and
molecular marker studies according to an
institutionally approved research protocol
and were included in our study. All 89 pa-
tients had representative archived patho-
logic materials for IHC studies available.
Our study was compliant with the Health
Insurance Portability and Accountability
Act; the reviewboardapprovedandwaived
the informed consent requirement for our
retrospective review of the MR and patho-
logic (presurgical biopsy and surgical patho-
logic) data. Patient data were collected and
handled in accordance with institutional
and federal guidelines.

Sixty-two patients in our study were
included in a prior study (10) that ana-
lyzed patients’ combined MR imaging and
MR spectroscopic imaging findings with
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Advances in Knowledge

� Combined MR imaging and MR
spectroscopic imaging findings for
clinically insignificant or signifi-
cant prostate cancer (PCa) corre-
lated with Ki-67, phospho-Akt
(pAkt), and androgen receptor
(AR) values.

� In differentiating between clini-
cally insignificant and significant
PCas, the areas under the re-
ceiver operating characteristic
curves for Ki-67, AR, pAkt, MR
imaging, and combined MR im-
aging and MR spectroscopic im-
aging were 0.75, 0.78, 0.80,
0.85, and 0.91, respectively.

Implication for Patient Care

� The use of pretreatment MR imag-
ing or combined MR imaging and
MR spectroscopic imaging and mo-
lecular marker analysis of biopsy
samples could favorably affect treat-
ment selection for patients with PCa.
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regard to the prediction of insignificant
(ie, clinically insignificant) cancer but did
not include molecular marker data.

MR Imaging Acquisition and Analysis
Endorectal MR and MR spectroscopic
imaging were performed with a 1.5-T
imager (Excite; GE Healthcare, Milwau-
kee, Wis). Patients were imaged by us-
ing a body coil for excitation and a pelvic
four-channel phased-array coil com-
bined with a commercially available bal-
loon-covered expandable endorectal
coil (ecoils; Medrad, Pittsburgh, Pa) for
signal reception. Axial T1-weighted im-
ages (repetition time msec/echo time
msec, 400–700/10–14; section thick-
ness, 5 mm; intersection gap, 0 mm;
field of view, 24–26 cm; matrix, 256 �
192), and axial, coronal, and sagittal
T2-weighted fast spin-echo images
(4400/(effective) 102; echo train length,
12; section thickness, 3 mm; intersec-
tion gap, 0 mm; field of view, 14 cm;
matrix, 256 � 192) of the prostate and
seminal vesicles were obtained. Image
acquisition was followed by MR spectro-
scopic imaging with point-resolved spa-
tial selection voxel excitation and band-
selective inversion with gradient dephas-
ing or spectral-spatial pulses for water
and lipid suppression. Magnetic field ho-
mogeneity was optimized for the selected
volume by using an automated shimming
algorithm provided by the vendor. Fur-
ther shimming was performed manu-
ally, if necessary, to further reduce the
line width. Data sets were acquired as
16 � 8 � 8 phase-encoded spectral ar-
rays (spatial resolution, 0.24–0.33
cm3) with 1000/130; and acquisition
time, 17 minutes. The total examination
time, including clinical imaging, was 1
hour. The MR spectroscopic imaging
data were zero-filled in the superior-to-
inferior direction to increase the likeli-
hood of optimal alignment between
spectroscopic voxels and the correspond-
ing T2-weighted images. MR spectro-
scopic imaging data were overlaid on
the T2-weighted images and the cho-
line � creatine to citrate ([Cho � Cr]/
Cit) ratios were calculated (33,34). The
choline � creatine integration ranges
contain the polyamine contribution, and
the value of (Cho � Cr)/Cit reported in

our study may be interpreted as (Cho �
polyamine � Cr)/Cit, as has been de-
scribed elsewhere (35).

MR imaging studies were retro-
spectively interpreted by a radiologist
(H.H., with �10 years experience in
prostate MR imaging); MR spectro-
scopic imaging data were analyzed by
a physicist (A.S., with �5 years expe-
rience in prostate MR spectroscopic
imaging). Both readers were blinded
to clinical and pathologic findings. The
suspicion of clinically insignificant PCa
seen at MR imaging was conserva-
tively set and scored by the radiologist
for the whole gland by using the fol-
lowing scoring system: A score of 0 �
definite clinically insignificant PCa (no
regions with abnormal T2-weighted
signal), a score of 1 � probable clini-
cally insignificant PCa (nonnodular de-
creased T2-weighted signal �0.5 cm3),
a score of 2 � indeterminate (non-
nodular reduced T2-weighted signal
�0.5 cm3 or nodular �0.5 cm3), and a
score of 3 � definite clinically signifi-
cant PCa (nodular reduced T2-
weighted signal �0.5 cm3) (10). The
physicist analyzed the imaging data by
identifying suspicious voxels on the
basis of (Cho � Cr)/Cit ratios, as pre-
viously described (34). The physicist
estimated tumor volumes by multiply-
ing the voxel size by the number of
suspicious voxels. The MR spectro-
scopic readings were provided to the
same radiologist who read the MR im-
ages, who then assigned an overall
combined MR imaging and MR spec-
troscopic imaging score for the suspi-
cion of clinically insignificant PCa in
the whole gland, as seen at combined
MR imaging and MR spectroscopic im-
aging, by using the following scoring
system: A score of 0 � definite clini-
cally insignificant PCa (no abnormality
seen at MR and no suspicious volume
seen at MR spectroscopy), a score of
1 � probable clinically insignificant
PCa (total combined MR imaging and
MR spectroscopic imaging suspicious
volume �0.5 cm3), a score of 2 � in-
determinate (total combined MR im-
aging and MR spectroscopic imaging
suspicious volume � 0.5 cm3), and a
score of three 3 � definite clinically

significant PCa (combined MR imaging
and MR spectroscopic imaging suspi-
cious volume �0.5 cm3) (10).

Pathologic Analysis
Whole-mount axial serial step-sections
of the prostate (3-mm intervals) were
prepared as detailed previously (36).
Clinically insignificant PCa was defined
at pathologic review as tumor confined
to the prostate, with a total volume of
0.5 cm3 or less in the whole gland, dis-
playing no poorly differentiated ele-
ments. The volumes of the tumor foci
were calculated by using computerized
planimetry with image analysis software
(Image-Pro Plus, version 4.0; Media Cy-
bernetics, Bethesda, Md) and were
summed to determine the total tumor
volume (37,38). A Gleason score was
also assigned for the whole gland. The
pathologic maps and findings were re-
viewed by a uropathologist (V.E.R.,
with �10 years experience).

IHC Staining and Analysis

Tissue sections from prostatectomy
specimens stained with hemotoxylin-eo-
sin (H-E) were examined by two pathol-
ogists with experience in PCa analysis.
The IHC staining was done by a pathol-
ogist (M.D., with �5 years experience)
and the immunostaining analysis was
done by a molecular pathologist (C.C.,
with �10 years experience in IHC anal-
ysis). The selected section assessed by
using IHC staining contained either the
index tumor at H-E staining, or, if the
cancer was clinically insignificant and no
index tumor could be identified, a rep-
resentative tumor focus as judged by the
molecular pathologist.

The histopathologic characteristics
of each case were evaluated by molecu-
lar pathologists, who then, in consen-
sus, selected one representative section
and corresponding block for each case
for the IHC studies. Well-characterized
antibodies and corresponding final work-
ing concentrations were used (Appen-
dix E1 [http://radiology.rsnajnls.org/cgi
/content/full/250/3/803/DC1]) (15,20).

The immunophenotype of the le-
sions was rendered by scoring the per-
centage of positive tumor cells (17,28).
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An exclusively nuclear immunoreaction
was considered as positive immuno-
staining for both AR and Ki-67, while
pAkt immunostaining was predomi-
nantly cytoplasmic and occasionally nu-
clear. Immunostaining for Ki-67 is easily
quantified. However, it is standard
practice at our institution to calculate
additional indexes for pAkt and AR.
These indices were graded semi-quanti-
tatively as the product of the percentage
of cells stained and the staining intensity
score. Staining intensity scores were as-
signed on a scale of 0–2 (0 � no or weak
staining, 1 � moderate staining, and
2 � strong staining), and thus, the indi-
ces were graded on an overall scale of
0–200. The pathologist who performed
the IHC analysis was blinded to clinical
data, as well as to surgical pathologic
results, until the completion of our
study.

Statistical Analysis
To examine the correlation between the
marker values and MR imaging or com-
bined MR imaging and MR spectroscopic
imaging scores, the Spearman correlation
coefficient was used. To see how well
each of the molecular markers and com-
bined MR imaging and MR spectroscopic
imaging scores could differentiate be-
tween clinically insignificant and signifi-
cant PCas, we conducted a receiver oper-
ating characteristic (ROC) curve analysis
and calculated the area under the ROC
curve (AUC) and corresponding 95%
confidence intervals (CIs) by using the
methods described by Delong et al (39)
and Pepe (40). To assess the incremental
accuracy of combining marker values and
MR imaging or combined MR imaging

and MR spectroscopic imaging scores to
differentiate between clinically significant
and insignificant PCa, multivariate logistic
regression was used. Only markers with a
P value of less than .05 were considered
to indicate significance. The AUC for the
model was calculated and compared with
the AUC for MR imaging or combined MR
imaging and MR spectroscopic imaging
alone. Analyses were performed by using
software (Stata, version 9.0 for Win-
dows, Stata, College Station, Tex; R for
Windows, R Foundation for Statistical
Computing, Vienna, Austria).

Results

Surgical pathologic analysis identified 21
(24%) patients with clinically insignificant
PCa and 68 (76%) patients with clinically
significant PCa. The means and 95% CIs
of molecular marker levels for clinically
insignificant and significant cancers are
shown in Table 1. The correlation coeffi-
cients for MR imaging and molecular
markers ranged from 0.56 to 0.64, and
the correlation coefficients for combined
MR imaging and MR spectroscopic imag-
ing and molecular markers ranged from
0.51 to 0.61 (all P � .0001) (Table 2).
These numbers suggest that as MR imag-
ing or combined MR imaging and MR
spectroscopic imaging scores for clinical
significance increased, so did the marker
values. Figures 1 and 2 show MR data and
IHC staining for patients with clinically
insignificant and significant PCas. Figure
3 shows the medians and ranges of molec-
ular marker expression levels for patho-
logically defined clinically insignificant and
significant cancers.

The ROC curves and corresponding

AUCs for all three markers (Fig 4a), as
well as for AR and pAkt indices (Fig 4b),
indicated that they may be useful in dif-
ferentiating between clinically insignifi-
cant and significant PCa. The AUCs
were 0.75 (95% CI: 0.64, 0.85) for Ki-
67, 0.78 (95% CI: 0.69, 0.88) for AR,
0.80 (95% CI: 0.69, 0.90) for pAkt, 0.76
(95% CI: 0.65, 0.86) for the AR index,
and 0.80 (95% CI: 0.69, 0.91) for the
pAkt index.

The AUC was 0.85 (95% CI: 0.77,
0.93) for the MR imaging scores and
0.91 (95% CI: 0.84, 0.98) for the com-
bined MR imaging and MR spectro-
scopic imaging score (Fig 5), suggest-
ing that both the MR imaging and the
combined MR imaging and MR spec-
troscopic imaging scores are useful in
differentiating between clinically in-
significant and significant PCas. When
combined MR imaging and MR spec-
troscopic imaging scores of 0 or 1
were considered to indicate clinically
insignificant PCa, the sensitivity of
combined MR imaging and MR spec-
troscopic imaging for identifying clini-
cally insignificant PCa was 96% and
the specificity was 71%.

Analysis of the multivariate models
showed that none of the molecular
markers contributed significant incre-
mental value to MR imaging or com-
bined MR imaging and MR spectro-
scopic imaging scores in differentiating
between clinically insignificant and sig-
nificant PCa; the AUC was 0.80 (95%
CI: 0.70, 0.90) for a model that incorpo-
rated all three markers. When MR im-

Table 1

Molecular Marker Expression Levels for Tumors Defined at Pathologic Review

Molecular Marker
No. of Clinically Insignificant
Tumors (n � 21)

No. of Clinically Significant
Tumors (n � 68)

Ki-67 (%) 3.7 (1.8, 5.7) 13.6 (10.4, 16.8)
AR (%) 24.5 (15.7, 33.4) 51.9 (45.2, 58.6)
pAkt (%) 16.4 (7.7, 25.1) 44.0 (37.9, 50.3)
AR (index) 29.8 (15.8, 43.7) 73.6 (60.2, 87.1)
pAkt (index) 19.7 (5.9, 33.5) 62.6 (50.8, 74.4)

Note.—Data are the mean; numbers in parentheses are the 95% confidence intervals.

Table 2

Correlation between Molecular
Marker Expression and MR Imaging
and Combined MR imaging and MR
Spectroscopic Imaging

Molecular
Marker

MR
Imaging
Score

Combined MR imaging
and MR Spectroscopic
Imaging Score

Ki-67 0.57 0.55
AR 0.57 0.52
pAkt 0.64 0.60
AR (index) 0.56 0.51
pAkt (index) 0.64 0.61

Note.—Data are correlation coefficients. All P �.0001.
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aging was added to this model, it yielded
a significantly higher AUC of 0.87 (95%
CI: 0.79, 0.95) (P � .025). A model that
included all three markers and com-
bined MR imaging and MR spectro-
scopic imaging yielded an AUC of 0.93
(95% CI: 0.87, 0.99), which was also
significantly higher than the AUC for the
model containing only the three mark-
ers (P � .001).

Discussion

The performance of MR imaging and
combined MR imaging and MR spectro-
scopic imaging in PCa detection and stag-
ing has improved over the last decade,
mainly because of improved MR technol-
ogy and acquisition techniques, refine-
ment of the morphologic criteria for
identifying extraprostatic disease, and
increased reader experience (35,41–

46). The use of MR spectroscopic imag-
ing for the metabolic mapping of the
prostate gland is gaining acceptance
(41,43). Zakian et al (11) demonstrated
a trend toward increasing metabolic ab-
normality ([Cho � Cr]/Cit) seen at MR
spectroscopic imaging with increasing
Gleason score. Coakley et al (47) found
that in men with clinically localized PCa
who selected watchful waiting, serial
PSA levels correlated with findings of
malignancy seen at serial combined MR
imaging and MR spectroscopic imaging.

Our group recently designed new
nomograms for predicting the probabil-
ity of clinically insignificant PCa by using
MR findings and clinical and biopsy
data; we found that these nomograms
performed significantly better than clin-
ical nomograms (10). Combined MR
imaging and MR spectroscopic imaging
did well in helping identify either defi-

nite clinically insignificant or significant
disease. However, there was a gray
area (MR imaging or combined MR im-
aging and MR spectroscopic imaging
score of 2: indeterminate), in which vol-
ume estimation was limited by con-
founding factors such as changes after
biopsy and prostatitis, which may lead
to false-positive findings (48–50). As
MR techniques mature further, with
newer applications and the use of higher-
field-strength magnets that provide
higher spatial and spectral resolution
(51–53), it may become possible to
stratify cancers currently designated as
indeterminate to either the definite clin-
ically insignificant or significant cate-
gory.

It has been hypothesized that tu-
morigenesis involves an increased cellu-
lar proliferation rate, and tumors with a
high proliferative fraction may increase

Figure 1

Figure 1: Imaging and pathologic data for 67-year-old patient with PSA level, 9.4 ng/mL (9.4 �g/mL); PCa stage, T2a; and biopsy Gleason score, 6; resulting in com-
bined MR imaging and MR spectroscopic imaging score of 1 (probable insignificant cancer). (a) MR spectroscopic imaging (volume excitation with water and lipid sup-
pression by means of spectral-spatial pulses; 1000/130; chemical shift imaging matrix, 16 � 8 � 8; field of view, 110 � 55 � 55 mm; spatial resolution, 6.9 mm; one
signal acquired; and imaging time, 17 minutes) grid superimposed on transverse T2-weighted MR image (4000/102; echo train length, 12; field of view, 14 cm; acquisi-
tion matrix, 256 � 192; section thickness, 3 mm; no intersection gap; and four signals acquired). (b) Corresponding spectroscopic grid shows voxel (�) suspicious for
cancer. (c) Histopathologic section shows Gleason score, 6 (solid line); total volume, 0.357 cm3 (clinically insignificant cancer). (d) IHC staining of prostatectomy speci-
mens from tissue section shown in c for Ki-67 (left), pAkt (middle), and AR (right).
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Figure 2

Figure 2: Imaging and pathologic data for 63-year-old patient with PSA level, 21.2 ng/mL (21.2 �g/mL); PCa stage, T2b; and biopsy Gleason score, 7; resulting in
combined MR imaging and MR spectroscopic imaging score of 3 (definite clinically significant cancer). (a) MR spectroscopic imaging (volume excitation with water and
lipid suppression by means of spectral-spatial pulses; 1000/130; chemical shift imaging matrix, 16 � 8 � 8; field of view, 110 � 55 � 55 mm; spatial resolution, 6.9
mm; one signal acquired; and imaging time, 17 minutes) grid superimposed on transverse T2-weighted MR image (4000/102; echo train length, 12; field of view, 14 cm;
acquisition matrix, 256 � 192; section thickness, 3 mm; no intersection gap; and four signals acquired). (b) Corresponding spectroscopic grid shows voxels (�) suspi-
cious for cancer. (c) Histopathologic section shows Gleason score, 7 (solid line); total volume, 8.892 cm3 (clinically significant cancer). (d) IHC staining of prostatec-
tomy specimens from tissue section shown in c for Ki-67(left), pAkt (middle), and AR (right).

Figure 3

Figure 3: Box-and-whisker plots show median and range of molecular marker levels, expressed as (a) percentages or (b) indices, in clinically insignificant and signif-
icant cancer as defined at pathologic examination. Diamonds indicate outliers.
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in volume and metastasize more rapidly
(21,28,31). The monoclonal antibody
MIB-1 recognizes the Ki-67 antigen, re-
ported to identify cells in the active cy-
cling phases of the cell cycle (G1, S, G2,
and M). Earlier studies showed that
Ki-67 expression is related to stage,
grade, survival, and biochemical recur-

rence after radical prostatectomy
(21,25,26,28). One study (12) found
that data from high-resolution magic-
angle spinning MR spectroscopy could
be used to differentiate between benign
and malignant prostate tissue and that
IHC staining for Ki-67 correlated with
elevated choline in PCa (P � .01). In our

study, the expression of Ki-67 corre-
lated with both MR imaging and com-
bined MR imaging and MR spectro-
scopic imaging findings for clinically in-
significant and significant PCa.

Activated phosphoinositide 3-kinase
and its downstream target, Akt or pro-
tein kinase B, are important signaling

Figures 4, 5

Figure 4: (a) Graph shows comparison of ROC curves for Ki-67, pAkt, and AR
(expressed as percentages) in differentiating between clinically insignificant and
significant PCas defined at pathologic examination; AUCs were 0.75, 0.80, and
0.78, respectively. (b) Graph shows comparison of ROC curves for pAkt and AR
indices in differentiating between clinically insignificant and significant PCas
defined at pathologic examination; AUCs were 0.80 and 0.76, respectively.

Figure 5: Graph shows comparison of ROC curves for MR imaging and com-
bined MR imaging and MR spectroscopic imaging scores in differentiating be-
tween clinically insignificant and significant PCas defined at pathologic examina-
tion; AUC for MR imaging score was 0.85, AUC for combined MR imaging and MR
spectroscopic imaging score was 0.91.
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molecules and key survival factors in the
control of cell proliferation, apoptosis,
and oncogenesis (21,24,28–32). We
have previously reported that Akt sig-
naling by means of mTOR and eIF4E
proteins is an important mechanism of
oncogenesis and drug resistance in vivo
(32). Malik et al (23) found a higher
level of pAkt expression in cancers with
Gleason scores of 8–10 than in cancers
with lower scores. Shimizu et al (28)
recently investigated the relationship
between the expression of pAkt, AR,
and Ki-67 (the same molecular markers
used in our study) in Japanese men and
showed that increased expression of
pAkt was associated with higher tumor
grades, as well as higher AR staining
scores and Ki-67 expression.

The AR is a nuclear transcription
factor that mediates the actions of many
steroidal hormones (13–15,21,25,28).
AR staining is seen predominantly in the
nuclei of both epithelial and stromal
cells in the normal prostate. Neoplastic
areas tend to have an intermingling of
AR-positive and AR-negative cells. Sadi
and Barrack (54) showed that variabil-
ity of AR protein expression in PCa me-
tastases correlated with poor response
to hormonal therapy. Our other data on
AR have shown an association between
high levels of AR and a shortened time
to increase in PSA level after androgen
deprivation theraphy, as well as an as-
sociation between IHC staining for AR
in tumor epithelial cells and a shorter
time to biochemical recurrence (15).
The data in our study show that clini-
cally insignificant PCas have lower levels
of AR expression, as well as MR imaging
or combined MR imaging and MR spec-
troscopic imaging scores of 0 or 1; this
study and a previous one have shown
that tumors seen as low–signal intensity
nodular areas on T2-weighted images
that have metabolic abnormality on MR
spectroscopic images are clinically sig-
nificant and should be managed accord-
ingly (10). However, a lack of abnormal-
ities in the gland seen at both MR and
MR spectroscopic imaging is an indica-
tion that a tumor, if present, is likely to
be clinically insignificant (10).

Our study had several limitations, in-
cluding the fact that it was retrospective.

To determine the utility of IHC and MR
imaging for pretreatment assessment of
disease, it would have been more appro-
priate to perform the IHC studies on bi-
opsy samples instead of prostatectomy
specimens. However, more than 90% of
the patients in our study underwent bi-
opsy performed outside our institution,
and tissue was not available for detailed
pathologic study. Nevertheless, the study
design was adequate for achieving the
study’s main goal, which was to deter-
mine whether imaging findings and mo-
lecular marker values correlate with each
other and with clinically insignificant and
significant PCas defined at pathologic ex-
amination. It should also be kept in mind
that the radiologist and the physicist who
interpreted the MR and MR spectro-
scopic imaging data in our study both had
considerable experience in prostate imag-
ing. Prior studies have shown that experi-
ence and training can have a substantial
effect on the accuracy of radiologists’ in-
terpretations (55,56). With a less experi-
enced radiologist and/or a larger sample
size, we might have found that molecular
markers contributed incremental value in
differentiating between clinically insignifi-
cant and significant PCas seen at imaging.
Finally, there was verification bias in this
study, as the decision to proceed to radi-
cal prostatectomy may depend in part on
the results of the combined MR imaging
and MR spectroscopic imaging.

We would like to emphasize that two
of our methods of cancer assessment
were determined on the basis of evalua-
tion of the entire prostate (step-section
pathologic examination with H-E staining
and combined MR imaging and MR spec-
troscopic imaging), and one of our meth-
ods (IHC staining for molecular markers)
was determined on the basis of a repre-
sentative sample of the gland (ie, a single
tissue section from the prostatectomy
specimen). The selected section assessed
by using IHC staining contained either the
index tumor on H-E staining, or, if the
cancer was clinically insignificant and no
index tumor could be identified, a repre-
sentative tumor focus as judged by the
molecular pathologist. Another limitation
of our study was that we do not know for
certain whether the specific tumors as-
sessed by using IHC were actually identi-

fied at imaging. In some cases of clinically
insignificant cancer, minute lesions seen
at H-E staining were not visible at MR
imaging, but as Figures 1 and 2 suggest,
index lesions assessed at IHC staining
were probably identified at imaging.

Regardless of whether the tumors as-
sessed at IHC staining were the same
ones seen at imaging, our data demon-
strated that as the MR imaging score for
the whole gland increased, so did molecu-
lar marker expression in the representa-
tive tumor lesion assessed. Our study was
not about assessing tumor localization by
using MR imaging or combined MR imag-
ing and MR spectroscopic imaging;
rather, it concerned the capacity of MR to
help make an overall assessment of clini-
cally insignificant or significant cancer.

In our study we assessed markers
that are important in proliferation, apop-
tosis, and cell survival. We confirmed that
these markers correlate with clinically in-
significant PCas identified by using MR
imaging or combined MR imaging and
MR spectroscopic imaging—something
that has not been shown before, to our
knowledge. We believe that we are at the
beginning of a new era where imaging and
pathologic examination can provide more
than just tumor detection and grading. In
future prospective studies with larger pa-
tient populations, the selected markers
should be evaluated in the biopsy tissue,
as they may provide pretreatment quanti-
tative data on the biologic properties of
the tumor.

In conclusion, we demonstrated that
combined MR imaging and MR spectro-
scopic imaging findings and Ki-67, pAkt,
and AR values correlated with each
other and with clinically insignificant
and significant PCa defined at pathologic
examination. These results suggest that
pretreatment MR imaging or combined
MR imaging and MR spectroscopic im-
aging findings and molecular marker
analysis of biopsy samples could help
differentiate between clinically insignifi-
cant and significant cancers and favor-
ably affect treatment selection.
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