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Purpose: To assess the diagnostic accuracy of endorectal magnetic
resonance (MR) imaging and MR spectroscopic imaging
for prediction of the pathologic stage of prostate cancer
and the presence of clinically nonimportant disease in
patients with clinical stage T1c prostate cancer.

Materials and
Methods:

The institutional review board approved—and waived the
informed patient consent requirement for—this HIPAA-
compliant study involving 158 patients (median age, 58
years; age range, 40–76 years) who had clinical stage T1c
prostate cancer, had not been treated preoperatively, and
underwent combined 1.5-T endorectal MR imaging–MR
spectroscopic imaging between January 2003 and March
2004 before undergoing radical prostatectomy. On the MR
images and combined endorectal MR–MR spectroscopic
images, two radiologists retrospectively and independently
rated the likelihood of cancer in 12 prostate regions and
the likelihoods of extracapsular extension (ECE), seminal
vesicle invasion (SVI), and adjacent organ invasion by
using a five-point scale, and they determined the probabil-
ity of clinically nonimportant prostate cancer by using a
four-point scale. Whole-mount step-section pathology
maps were used for imaging–pathologic analysis correla-
tion. Receiver operating characteristic curves were con-
structed and areas under the curves (AUCs) were esti-
mated nonparametrically for assessment of reader accu-
racy.

Results: At surgical-pathologic analysis, one (0.6%) patient had no
cancer; 124 (78%) patients, organ-confined (stage pT2)
disease; 29 (18%) patients, ECE (stage pT3a); two (1%)
patients, SVI (stage pT3b); and two (1%) patients, bladder
neck invasion (stage pT4). Forty-six (29%) patients had a
total tumor volume of less than 0.5 cm3. With combined
MR imaging–MR spectroscopic imaging, the two readers
achieved 80% accuracy in disease staging and AUCs of
0.62 and 0.71 for the prediction of clinically nonimportant
cancer.

Conclusion: Clinical stage T1c prostate cancers are heterogeneous in
pathologic stage and volume. MR imaging may help to
stratify patients with clinical stage T1c disease for appro-
priate clinical management.
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In American men, prostate cancer con-
tinues to be the most common cancer
and the second leading cause of non-

cutaneous cancer-related mortality (1).
The American Cancer Society estimated
that in 2009, 192 280 new cases of pros-
tate cancer would be diagnosed and
27 360 deaths would occur owing to this
disease in the United States (1). Serum
prostate-specific antigen (PSA) screening
has led to a dramatic decrease in prostate
cancer stage at the time of diagnosis, and
stage T1c is now the most commonly di-
agnosed clinical stage (2).

According to the TNM classification
system, T1c prostate cancers are malig-
nancies identified with needle biopsy
(performed, for example, because of an
elevated PSA level) that are not detect-
able at digital rectal examination or imag-
ing (usually transrectal ultrasonography
[US]) (3). In a study conducted by Hum-
phrey et al (4), 78 of 100 consecutive
patients who underwent radical prosta-
tectomy for cancer detected with PSA
screening had clinical stage T1c disease.

Patients with clinical stage T1c dis-
ease who are treated with radical prosta-
tectomy may harbor either clinically non-
important cancer or cancer that is sub-
stantial in size, grade, and extent at
surgical-pathologic analysis (4–6). For ex-
ample, in a case series of 157 consecutive
men who underwent radical prostatec-
tomy for clinical stage T1c prostate can-
cer, 26% of tumors were considered “in-
significant” or “minimal” (no larger than
0.5 cm3, confined to the prostate, and
Gleason score lower than 7), 37% were
moderate (Gleason score lower than 7
and either larger than 0.5 cm3 or with
capsular penetration), and 37% were ad-

vanced (capsular penetration, Gleason
score higher than or equal to 7 or positive
margins, or tumor involvement of seminal
vesicles or lymph nodes) (5).

The effectiveness of the various treat-
ment options for prostate cancer depends
on the extent of disease. It has been re-
ported that at 10 years after radical pros-
tatectomy, the progression-free probabil-
ity is 92.2% for patients with cancer con-
fined to the prostate, 71.4% for patients
with extracapsular extension only, and
37.4% for patients with seminal vesicle
invasion (7). Therefore, to select the ap-
propriate treatment option, accurate
staging is required. Currently, the recom-
mended preoperative staging approach
involves the use of a number of clinical
variables, including serum PSA level, dig-
ital rectal examination findings, and
transrectal US–guided biopsy results.
However, owing to the reductions in
prostate cancer volume and stage that
have resulted from PSA screening (2,8–
10), these variables have become less
useful for stratifying patients. For exam-
ple, the correlation between PSA level
and prostate cancer volume has de-
creased from 0.7 to 0.1 during the past 15
years (11).

The role of endorectal MR imaging in
patients deemed to have clinical stage T1c
disease has been investigated previously
(12). However, to our knowledge, in no
recent studies have investigators applied
state-of-the-art MR spectroscopic imag-
ing and MR imaging in the evaluation of
both cancer stage and tumor extent in
patients with clinical stage T1c prostate
cancer. We, therefore, conducted this
study to assess the diagnostic accuracy of
endorectal MR imaging and combined en-
dorectal MR imaging–MR spectroscopic
imaging in the preoperative prediction of
the pathologic stage and the presence of

clinically nonimportant disease in patients
with clinical stage T1c prostate cancers.

Materials and Methods

Patient Selection
Our institutional review board waived the
requirement for informed consent to re-
view the patients’ data in this retrospec-
tive study, which was compliant with
Health Insurance Portability and Ac-
countability Act guidelines. To be in-
cluded in the study, patients had to have
(a) undergone 1.5-T endorectal MR imag-
ing combined with proton MR spectro-
scopic imaging before undergoing radical
prostatectomy for prostate cancer be-
tween January 2003 and March 2004,
(b) received a diagnosis of clinical stage
T1c prostate cancer, and (c) had whole-
mount step-section pathology maps avail-
able for imaging–pathologic analysis cor-
relation. Patients who had undergone any
neoadjuvant hormonal therapy, neoadju-
vant chemotherapy, or radiation treat-
ment of the pelvis were excluded from
our study.

Through computerized searches of
urology department and radiology de-
partment databases, 163 consecutive pa-
tients who met the study inclusion criteria
were identified. Five patients were ex-
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Advances in Knowledge

� Combined endorectal MR imag-
ing–MR spectroscopic imaging
had 80% accuracy in the staging
of disease in patients with clinical
stage T1c prostate cancer.

� Endorectal MR imaging combined
with MR spectroscopic imaging
had moderate accuracy, 62%–
72%, in the prediction of clinically
nonimportant cancer in patients
with clinical stage T1c disease.

Implication for Patient Care

� The pathologic stages and vol-
umes of clinical stage T1c pros-
tate cancers vary widely; endorec-
tal MR imaging may have a role in
the stratification of patients with
clinical stage T1c disease for ap-
propriate treatment management.
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cluded because they had received prior or
neoadjuvant treatment. Thus, our study
included a total of 158 patients (median
age, 58 years; age range, 40–76 years)
(Fig 1). Only those patients who under-
went imaging between January 2003 and
March 2004 were selected because when
our study was designed, there was a con-
siderable time lag between the comple-
tion of surgery and the creation of pathol-
ogy maps at our institution. Although our
production of pathology maps has since
become more efficient, our consent
waiver applied to only those patients im-
aged until March 2004. For 59 patients,
imaging was performed as part of a Na-
tional Institutes of Health (NIH)–funded
study (R01 CA76423) to investigate the
use of MR imaging in patients with pros-
tate cancer. All of these patients gave in-
formed consent before enrolling in the
NIH-funded study, which was Health In-
surance Portability and Accountability
Act compliant.

The patients’ clinical data, including
biopsy and surgical-pathologic findings,
were tabulated. Many patients were re-
ferred from outside our institution and
thus had undergone biopsy elsewhere. Al-
though representative biopsy samples
from these patients were reviewed by our
pathology department staff, the number
of positive core-needle biopsy specimens
was not always available.

Endorectal MR Imaging and MR
Spectroscopic Imaging
Combined endorectal MR imaging–MR
spectroscopic imaging was performed by
using a 1.5-T whole-body MR unit (Signa;
GE Medical Systems, Milwaukee, Wis)
with a standardized protocol. Patients were
examined in the supine position with use of
a body coil for excitation and a phased-
array pelvic coil (GE Medical Systems)
combined with a commercially available
balloon-covered expandable endorectal coil
(Medrad, Pittsburgh, Pa) for signal recep-
tion. T1-weighted transverse spin-echo im-
ages were obtained from the aortic bifurca-
tion to the symphysis pubis by using the
following parameters: 700/8 (repetition
time msec/echo time msec), 5-mm section
thickness, 1-mm intersection gap, 24-cm
field of view, 256 � 192 matrix, and one
acquired signal. Thin-section high-spatial-

resolution transverse, coronal, and sagittal
T2-weighted fast spin-echo images of the
prostate and seminal vesicles were ob-
tained by using the following parameters:
4000–5060/96–108 (repetition time msec/
effective echo time msec), echo train length
of 10–16, 3-mm section thickness, no inter-
section gap, 14–20-cm field of view, (256–
320) � 192 matrix, and three acquired sig-
nals.

The transverse T2-weighted images
were used for MR spectroscopic imaging
volume selection, which was performed by
using the point-resolved spatial selection lo-
calization technique (13,14) and yielded an
in-plane spatial resolution of 6.9 mm. The
point-resolved spatial selection box was po-
sitioned to maximize coverage of the pros-
tate while minimizing the inclusion of
periprostatic fat. Water and lipid suppres-
sion within the point-resolved spatial selec-
tion volumewas achievedbyusing the spec-
tral or spatial pulses (15,16), and selective
outer-voxel suppression pulses were used
to reduce contamination from surrounding
tissues (17). The MR spectroscopic imaging
data were processed by using the Functool
package with the GE Advantage worksta-
tion (GE Medical Systems), which enables
one to align the spectral data with the MR
images and archive arrays of spectral data
with the corresponding images in Digital
Imaging and Communications in Medicine
format. The choline plus creatine–citrate
ratios for all voxelswere calculated.Choline
and creatine integration ranges may con-
tain polyamines because the polyamine
peak resides between them and cannot be
completely separated. Therefore, the cho-
line plus creatine–citrate ratio may be in-
terpretedas the cholinepluspolyamineplus
creatine–citrate ratio, as has been de-
scribed previously (18). All endorectal MR
imaging–MR spectroscopic imaging data
were downloaded to the departmental pic-
ture archiving and communication system
(Centricity RA 1000; GE Medical Systems).

MR Imaging and MR Spectroscopic
Imaging Data Analysis
MR images were retrospectively analyzed
independently by two radiologists (O.A.,
J.Z.), each of whom had 5 years experi-
ence interpreting endorectal MR images
of the prostate. They were unaware of all
clinical and surgical-pathologic findings

Figure 1

Figure 1: Flowchart outlines the selection of
patients for the study.

Table 1

Patient and Tumor Characteristics

Characteristic Value

Age (y) 58 (40–76)*
Gleason score at biopsy

3 � 3 114 (72)
3 � 4 27 (17)
4 � 3 13 (8)
4 � 4 3 (2)
5 � 4 1 (0.6)

Pathologic stage
No tumor 1 (0.6)
pT2 124 (78)
pT3a 29 (18)
pT3b 2 (1)
pT4 2 (1)

Gleason score at surgery
3 � 3 79 (50)
3 � 4 57 (36)
4 � 3 13 (8)
4 � 4 5 (3)
4 � 5 1 (0.6)
5 � 3 1 (0.6)
Not graded or no tumor 2 (1)

Pathologic tumor volume
(cm3)

�0.5 46 (29)
0.5 to �1.0 39 (25)
1.0 to �1.5 18 (11)
1.5 to �2.0 15 (10)
�2.0 40 (25)

Prebiopsy PSA level (ng/
mL) 5.3 (1.5–21.0)*

Time from biopsy to
surgery (mo) 3.5 (0–17.8)*

Time from MR to surgery
(d) 30 (1–233)*

Time from biopsy to MR (d) 69 (�117 to 442)*

Note.—Unless otherwise noted, data are numbers of
patients (n � 158), with percentages in parentheses.

* Median value, with range in parentheses.
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except the fact that all patients were con-
sidered to have clinical stage T1c prostate
cancer. First, each radiologist evaluated
the conventional endorectal MR images
for the presence of tumor in 12 areas of
the prostate gland: the peripheral zone
divided into six sextants and the transi-
tion zone divided into six sextants. The
central zone was grouped with the transi-
tion zone for image analysis. Scores for
the probability of prostate cancer being
present in each sextant of each zone and
for the probabilities of extracapsular ex-
tension, seminal vesicle invasion, and ad-
jacent organ invasion being present were

assigned by using a scale of 1–5, with 1
meaning definitely absent; 2, probably ab-
sent; 3, possibly present; 4, probably
present; and 5, definitely present. At data
analysis, a score of 4 or 5 was considered
to indicate a positive finding.

The MR spectroscopic imaging data
were analyzed by a spectroscopist (A.S.)
with more than 5 years experience reading
prostate MR spectroscopic images. The
spectroscopistwasblinded to all clinical and
surgical-pathologic findings except the fact
that all patients were considered to have
clinical stage T1c prostate cancer. Voxels in
the peripheral (14,15,18,19) and transition

(20) zones of the prostate gland were
judged to be suspicious on the basis of es-
tablished metabolic criteria, without refer-
ence to the MR findings. Subsequently, the
radiologists reviewed the MR spectroscopic
imaging results and, with knowledge of the
MR imaging scores, assigned new scores
for the presence of tumor, extracapsular
extension, seminal vesicle invasion, and ad-
jacent organ invasion on the basis of com-
bined endorectal MR imaging–MR spectro-
scopic imaging data and by using the same
five-point scale. Again, for the purposes of
data analysis, a score of 4 or 5 was consid-
ered to indicate a positive finding.

Finally, each reader assigned a score
of 1–4 for his or her overall impression of
the clinical importance of the tumor: Clin-
ically nonimportant prostate cancer was
defined as pathologically organ-confined
cancer with a total volume of 0.5 cm3 or
less and no poorly differentiated compo-
nents at histologic analysis (21). The scale
of 1–4 (1 � definitely clinically nonimpor-
tant, 2 � probably clinically nonimpor-
tant, 3 � indeterminate, 4 � definitely
clinically important) was based on a pre-
viously described scale of 0–3 that was
used to score the probability of clinically
nonimportant prostate cancer with MR
imaging alone or combined MR imag-
ing–MR spectroscopic imaging (21). At
data analysis, a score of 1 or 2 was con-

Figure 2

Figure 2: Graphs illustrate accuracy in diagnosing prostate cancer of stage T3a or higher with MR imaging or combined endorectal MR imaging–MR spectroscopic imaging
(MRSI) in patients with clinical stage T1c disease. (a) Reader 1 had an AUC of 0.75 (95% CI: 0.65, 0.85) at endorectal MR imaging, with or without MR spectroscopic imaging.
(b) Reader 2 had an AUC of 0.71 (95% CI: 0.61, 0.80) with use of MR imaging alone and 0.74 (95% CI: 0.65, 0.84) with use of combined MR imaging–MR spectroscopic imaging.

Table 2

Reader Accuracy in Determining Disease Stage, as Stratified by Pathologic Stage,
with Combined Endorectal MR Imaging–MR Spectroscopic Imaging

Stage at MR Imaging–MR
Spectroscopy

Pathologic Stage
No Tumor (n � 1) pT2 (n � 124) pT3a (n � 29) pT3b (n � 2) pT4 (n � 2)

Reader 1
T2 1 (100) 120 (97)* 22 (76) 1 (50) 2 (100)
T3a 0 4 (3) 6 (21)* 0 0
T3b 0 0 1 (3) 1 (50)* 0

Reader 2
T2 1 (100) 111 (90)* 15 (52) 1 (50) 2 (100)
T3a 0 13 (11) 14 (48)* 0 0
T3b 0 0 0 1 (50)* 0

Note.—Data are numbers of patients (n � 158), with percentages in parentheses. In determining accuracy levels, an imaging
score of 4 or higher was considered to indicate a positive finding.

* Cases in which disease was accurately staged by the given reader.
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sidered to indicate a finding positive for
clinically nonimportant prostate cancer.

Pathologic Correlation
Whole-mount sections of the prostate were
prepared as previously described (22).
Prostate tumors were identified and pre-
cisely mapped in each section. The overall
Gleason score was recorded as the score
assigned to the portion of the tumor with
the highest Gleason score. Approximately 3
months after the readers finished evaluat-
ing all of the MR examination data, three
investigators (O.A., A.S., J.Z.) met to re-
viewall of thepathologymaps in consensus.
The three investigators were aware that all
patients were considered to have clinical
stage T1c prostate cancer but were blinded
to all other clinical information and previ-
ousMR image readings.Again, theprostate
was divided into the peripheral zone and
the transition zone, and each zone was fur-
ther divided into sextants. The presence of
cancer in each sextant of each zone was
recorded. Information about the pathologic
stage (ie, presence of extracapsular exten-
sion, seminal vesicle invasion, and/or adja-
cent organ invasion) was extracted from
the original pathology reports. Another in-
vestigator (L.J.C.), a research assistant
who had 1 year of experience performing
volumetric studies, subsequently measured
the cross-sectional area of each tumor re-
gion outlined on the digital maps by using
Image-Pro software (Media Cybernetics,
Silver Spring, MD). The sum of all tumor
areas and the total tumor volume in each
patient were then calculated.

Statistical Analyses
We summarized the patient data by tabu-
lating median values and ranges for contin-
uous variables and tabulating percentages
for categorical variables. To test for differ-
ences in the distributions of clinical vari-
ables based on pathologic stage and tumor
size, we used the Fisher exact test for cat-
egorical variables and the Mann-Whitney
test for continuous variables. To descrip-
tively summarize the accuracy of combined
endorectal MR imaging–MR spectroscopic
imaging in disease staging, we tabulated the
distribution of stages determined with com-
bined endorectal MR imaging–MR spectro-
scopic imaging according to the true patho-
logic stages and calculated the percentages

of patients with correctly classified and mis-
classified stages. To determine the readers’
accuracy in staging and diagnosing clinically
nonimportant cancer in the prostate with
use of MR imaging and combined endorec-
tal MR imaging–MR spectroscopic imaging,
we nonparametrically constructed receiver
operating characteristic curves and esti-
mated the corresponding areas under the
curves (AUCs). We compared AUCs by us-
ing the methods described by DeLong et al
(23). Analyses were performed by using

SAS 9.1 for Windows (SAS Institute, Cary,
NC) or Stata 9.0 for Windows (Stata, Col-
lege Station, Tex). Statistical significance
was defined on the basis of a P value of less
than .05.

Results

Patient Characteristics
Although all 158 patients included in this
study had clinical stage T1c disease, at

Figure 3

Figure 3: Clinical stage T1c prostate cancer in 52-year-old man. (a) Transverse T2-weighted endorectal
MR image (4000/103, echo train length of 16, three acquired signals, 14-cm field of view, 256 � 192 matrix,
3-mm section thickness, no intersection gap) of prostate shows large area of abnormal signal intensity in left
posterior peripheral zone. Mild capsular irregularity (arrow) is also present. These findings raise suspicion for
prostate cancer with extracapsular extension. (b) MR spectroscopic grid overlaid on image in a. Asterisks
indicate suspicious voxels in left posterior peripheral zone. MR spectroscopic imaging parameters are as
follows: 1000/130, volume excitation with water and lipid suppression by means of spectral or spatial pulses,
chemical shift imaging matrix of 16 � 8 � 8, 110 � 55 � 55-mm field of view, 6.9-mm spatial resolution,
one acquired signal, and imaging time of 17 minutes. (c) Whole-mount step-section histopathologic speci-
men shows tumor (outlined in blue) with focal extracapsular extension (indicated by red dots) in left region.
(Hematoxylin and eosin stain; original magnification, �1.)
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surgical-pathologic analysis, 124 (78%)
patients had organ-confined disease
(stage pT2), 29 (18%) had extracapsular
extension (stage pT3a), two (1%) had
seminal vesicle invasion (stage pT3b),
and two (1%) had bladder neck invasion
(stage pT4). In one (0.6%) patient, no
cancer was found in the radical prostatec-
tomy specimen, although the patient had
biopsy-proved prostate adenocarcinoma.
In 46 (29%) patients, the tumor volume
was less than 0.5 cm3 (Table 1). No ad-
verse events resulted from the combined
endorectal MR imaging–MR spectro-
scopic imaging examinations.

Thirty (19%) of the patients in our
study met the criteria to be considered
for active surveillance as a management

strategy: age 75 years or younger, clinical
stage T1–T2a, Gleason score of 6 or
lower at biopsy, PSA level of 10 ng/mL or
lower, and three or fewer positive core-
needle biopsy specimens at diagnostic bi-
opsy (24). However, four (13%) of these
30 patients had extraprostatic extension
of disease at surgical-pathologic analysis.

Staging Accuracy with Endorectal MR
Imaging–MR Spectroscopic Imaging
The accuracy of the two readers in stag-
ing the prostate cancers, as stratified ac-
cording to actual pathologic stage, with
use of combined endorectal MR imag-
ing–MR spectroscopic imaging is outlined
in Table 2. Reader 1 correctly staged the
cancers in 127 (80%) patients, and

reader 2 correctly staged the cancers in
126 (80%) patients.

Tumor Volume and MR Staging Accuracy
The patients were further divided into four
groups on the basis of their total pathologic
tumor volumes: patients with very small
(�0.5 cm3, n � 46 [29%]), small (0.5 to
�1.0 cm3, n � 39 [25%]), intermediate
(1.0 to �2.0 cm3, n � 33 [21%]), and large
(�2.0 cm3, n � 40 [25%]) volumes. The
readers had the highest accuracy in staging
the smallest tumor volumes. Both readers
accurately staged thedisease in 42 (91%)of
the 46 patients with tumor volumes smaller
than 0.5 cm3. Reader 1 accurately staged
the disease in 32 (82%) of the 39 patients
with small tumor volumes, and reader 2
accurately staged thedisease in 31 (80%)of
these patients. Both readers correctly
staged the disease in 23 (70%) of the 33
patients with intermediate tumor volumes
and in 30 (75%) of the 40 patients with
large tumor volumes.

Detection of Extraprostatic Disease
A total of 33 (21%) patients had cancer of
pathologic stage T3a (pT3a) or higher. In
the detection of extraprostatic disease,
reader 1 had an AUC of 0.75 (95% con-
fidence interval [CI]: 0.65, 0.85) with use
of either MR imaging alone or combined
endorectal MR imaging–MR spectro-
scopic imaging, and reader 2 had an AUC
of 0.71 (95% CI: 0.61, 0.80) with use of
MR imaging alone and 0.74 (95% CI:
0.65, 0.84) with use of combined endo-
rectal MR imaging–MR spectroscopic im-
aging (Fig 2). The addition of MR spec-
troscopic imaging led to improved staging
accuracy for reader 2, but the difference
was not significant (P � .05). Examples of
unexpected extraprostatic disease are
shown in Figures 3 and 4.

Prediction of Clinically Nonimportant Cancer
In the prediction of clinically nonimpor-
tant prostate cancer with MR imaging
alone and combined MR imaging–MR
spectroscopic imaging, reader 1 had
AUCs of 0.63 (95% CI: 0.55, 0.71) and
0.62 (95% CI: 0.54, 0.70), respectively,
while reader 2 had AUCs of 0.72 (95%
CI: 0.64, 0.80) and 0.71 (95% CI: 0.63,
0.79), respectively. The difference in ac-
curacy between endorectal MR imaging

Figure 4

Figure 4: Clinical stage T1c prostate cancer in 60-year-old man. (a) Transverse T2-weighted endorectal
MR image (4016/105, echo train length of 10, three acquired signals, 14-cm field of view, 256 � 192 matrix,
3-mm section thickness, no intersection gap) of prostate shows focal low-signal-intensity tumor (white ar-
row) in peripheral zone in right middle portion of prostate gland. The tumor is associated with capsular bulg-
ing, which is consistent with extracapsular extension (black arrow), which was later confirmed at surgical-
pathologic analysis. (b) MR spectroscopic grid overlaid on image in a. Asterisks indicate suspicious voxels
(elevated choline level and undetectable or reduced citrate level) in right posterior peripheral zone. MR spec-
troscopic imaging parameters are the same as those for Figure 3.
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alone and endorectal MR imaging com-
bined with MR spectroscopic imaging was
not significant for either reader (Fig 5).

Cancer Detection Based on Location in the
Prostate
Pathologic analysis results showed that all
158 patients had cancer in the peripheral
zone. Sixty-two (39%) patients had pe-
ripheral zone cancer at the prostate base,
147 (93%) had peripheral zone cancer in
the middle portion of the gland, and 131
(83%) had peripheral zone cancer at the
apex. Thirty-eight (24%) patients had tu-
mor in the transition zone at pathologic
analysis (Fig 6). Nine (6%) patients had
transition zone cancer at the base of the
gland, 32 (20%) had transition zone can-
cer in the middle portion, and 17 (11%)
had transition zone cancer at the apex. In
most locations, reader accuracy was
slightly improved with use of combined
endorectal MR imaging–MR spectro-
scopic imaging compared with the accu-
racy achieved with MR imaging alone, al-
though the differences were not signifi-
cant (Table 3). Cancer detection accuracy
did not differ significantly among the dif-
ferent regions of the prostate.

Cancer Stage and Clinical Variables
Compared with the patients who had
stage pT3a cancer, the pT2 group had
significantly lower prebiopsy PSA levels

(P � .03), Gleason scores at biopsy (P �
.001), and maximal percentages of tumor
in positive core-needle biopsy specimens
(P � .004) (Table 4). However, the
ranges of these clinical variables over-
lapped substantially between these two
patient groups (Fig 7). The number of
patients with pT3b or pT4 disease was
too small for statistical analysis.

Tumor Volume and Clinical Variables
Compared with the tumors with volumes
of less than 0.5 cm3, the larger tumors
had significantly higher maximal percent-
ages of tumor in the positive core-needle
biopsy specimens (P � .001) and signifi-
cantly higher Gleason scores at biopsy
(P � .01), although the ranges of both
these variables overlapped substantially.
Prebiopsy PSA levels did not differ signif-
icantly between the tumors with volumes
of less than 0.5 cm3 and the larger tumors
(P � .05) (Table 4).

Discussion

With the routine practice of PSA screening,
stage T1c has become the most commonly
diagnosed clinical stage of prostate cancer.
Patients with clinical stage T1c prostate
cancer typically are considered to have lo-
calized early-stage disease of relatively low
risk. Numerous treatment options are
available for patients with clinically lo-

Figure 5

Figure 5: Graphs illustrate accuracy in diagnosing clinically nonimportant prostate cancer with endorectal MR imaging or combined endorectal MR imaging–MR
spectroscopic imaging (MRSI) in patients with clinical stage T1c disease. (a) Reader 1 had an AUC of 0.63 (95% CI: 0.55, 0.71) with use of MR imaging alone and 0.62
(95% CI: 0.54, 0.70) with use of combined MR imaging–MR spectroscopic imaging. (b) Reader 2 had an AUC of 0.72 (95% CI: 0.64, 0.80) with use of MR imaging alone
and 0.71 (95% CI: 0.63, 0.79) with use of combined MR imaging–MR spectroscopic imaging.

Figure 6

Figure 6: Clinical stage T1c prostate cancer in
65-year-old man. Transverse T2-weighted endo-
rectal MR image (4850/100, echo train length of
12, three acquired signals, 14-cm field of view,
256 � 192 matrix, 3-mm section thickness, no
intersection gap) of prostate shows homogeneous
lenticular area of abnormal signal intensity (arrow)
in the transition zone, which is consistent with
tumor. The bulging of the prostatic contour indi-
cates anterior extracapsular extension. Surgical
pathology results confirmed the presence of tran-
sition zone cancer and anterior extracapsular ex-
tension. In addition, an anterior positive surgical
margin was present.
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Figure 7

Figure 7: Graphs illustrate clinical variables, (a) prebiopsy PSA level and (b) maximal percentage of tumor in positive core-needle biopsy specimens, among patients
with different pathologic stages of prostate cancer. White horizontal lines inside boxes indicate medians. Red dots indicate outlying values.

Table 3

Cancer Detection Accuracy with Endorectal MR Imaging and Combined Endorectal MR Imaging–MR Spectroscopic Imaging in
Different Regions and Zones

Prostate Region

Peripheral Zone Transition Zone
Reader 1 Reader 2 Reader 1 Reader 2

MR Alone Combined MR MR Alone Combined MR MR Alone Combined MR MR Alone Combined MR

Base 0.64 (0.56, 0.73) 0.65 (0.57, 0.74) 0.70 (0.62, 0.78) 0.71 (0.62, 0.79) 0.64 (0.47, 0.81) 0.77 (0.63, 0.90) 0.64 (0.46, 0.82) 0.70 (0.51, 0.88)
Middle portion 0.57 (0.40, 0.74) 0.60 (0.44, 0.77) 0.63 (0.44, 0.82) 0.61 (0.42, 0.81) 0.69 (0.58, 0.81) 0.68 (0.57, 0.80) 0.70 (0.60, 0.79) 0.73 (0.63, 0.83)
Apex 0.55 (0.46, 0.65) 0.59 (0.50, 0.69) 0.68 (0.58, 0.78) 0.69 (0.59, 0.79) 0.64 (0.48, 0.81) 0.64 (0.48, 0.81) 0.66 (0.54, 0.79) 0.69 (0.56, 0.83)

Note.—Data are AUCs for reader accuracy in the detection of cancer in different zones and regions of the prostate. MR alone refers to endorectal MR imaging. Combined MR refers to combined
endorectal MR imaging–MR spectroscopic imaging. Numbers in parentheses are 95% CIs.

Table 4

Clinical Data Stratified by Pathologic Stage and Tumor Volume

Pathologic Parameter
Gleason Score at Biopsy* Prebiopsy PSA Level

(ng/mL)†

Maximal Percentage of Tumor
in Positive Specimen†‡3 � 3 3 � 4 4 � 3 4 � 4 5 � 4

Cancer stage
pT2 (n � 124) 96 (77) 17 (14) 11 (9) 0 0 5.1 (1.5–16.0) 10 (1–80)
pT3a (n � 29) 13 (45) 10 (34) 2 (7) 3 (10) 1 (3) 5.5 (3.2–21.0) 30 (5–90)
pT3b (n � 2) 2 (100) 0 0 0 0 7.8 (3.6–11.9) 25 (5–50)
pT4 (n � 2) 2 (100) 0 0 0 0 5.1 (4.2–5.9) 29 (7–50)

Tumor volume
�0.5 cm3 (n � 46) 36 (78) 7 (15) 3 (7) 0 0 5.5 (1.7–15.0) 10 (1–75)
�0.5 cm3 (n � 112) 78 (70) 20 (18) 10 (9) 3 (3) 1 (1) 5.3 (1.5–21.0) 20 (1–90)

* Data are numbers of patients (n � 158). Numbers in parentheses are percentages.
† Data are median values, with ranges in parentheses.
‡ Maximal percentages of tumor in positive core-needle biopsy specimens.
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calized prostate cancer; these options
include prostatectomy, external-beam
radiation, brachytherapy, local ablative
therapy, and deferred treatment. Clinical
studies and decision analysis research have
yielded conflicting results regarding the op-
timal management for early-stage prostate
cancer. Some investigators have concluded
that the potential benefits of therapy are
offset by the risks for treatment-related
morbidity and mortality in most cases (25),
whereas others believe that all grades of
clinically localized disease should be
treated (26). Some investigators have de-
termined that clinical variables should be
used to stratify patients with early-stage
prostate cancer for appropriate treat-
ment management (27).

All of the patients in our study had
received a diagnosis of clinical stage T1c
prostate cancer. At surgical-pathologic
analysis, however, approximately 20% of
the patients had locally advanced disease,
while almost 30% had very-small-volume,
clinically nonimportant disease. These
findings are consistent with findings in
the literature (28). However, the propor-
tion of patients with clinically nonimpor-
tant cancer in our study appeared to be
higher than that in some earlier studies
(4,29–32), perhaps because of the earlier
detection of cancer at routine PSA
screening. Furthermore, four (13%) of 30
patients whose clinical data met the crite-
ria for active surveillance had extrapros-
tatic extension of disease at surgical-
pathologic analysis.

The development of a means to fur-
ther stratify patients with a diagnosis of
clinical stage T1c disease according to
their risk of disease progression is essen-
tial to improving treatment selection. At
present, there is no consensus as to what
clinical variables should be used for this
purpose. In our study, the distributions of
some of the clinical variables differed sig-
nificantly between the patients with clini-
cally important cancers and those with
clinically nonimportant cancers. How-
ever, the substantial overlap in the ranges
of these variables would make it difficult
to use these variables to predict patho-
logic tumor stage or volume in individual
patients. Our study results show that MR
imaging findings may represent additional
useful variables for predicting disease ex-

tent in patients with clinically localized
prostate cancer.

In our study, the overall accuracy of
combined endorectal MR imaging–MR
spectroscopic imaging in disease staging
was 80% in patients with clinical stage
T1c prostate cancer. This result suggests
that as an addition to clinical data, com-
bined endorectal MR imaging–MR spec-
troscopic imaging may yield useful diag-
nostic information in a substantial pro-
portion of these patients. The addition of
MR spectroscopic imaging to endorectal
MR imaging improved one reader’s per-
formance, although not significantly. This
result may have been related to the expe-
rience levels of the two readers, which
were roughly equivalent: Both readers
had read more than 1000 prostate MR
studies before taking part in this investi-
gation. Previous study investigators have
found that using MR spectroscopic imag-
ing increases reader confidence and sig-
nificantly improves reader performance
in the interpretation of MR images—
especially that of less experienced read-
ers (33–35).

MR imaging is fairly accurate in thepre-
diction of clinically nonimportant cancer in
patients with clinically low-risk disease
(21). The incorporation of other MR tech-
niques, such as dynamic perfusion or diffu-
sion-weighted imaging, can further improve
the performance of MR examinations in the
detection and staging of prostate cancer
(36–39). It would be of clinical interest in
the future to investigate whether multipara-
metric examinations in which all of these
state-of-the-art techniques are combined
can yield superior diagnostic information
for stratifying patients with clinical stage
T1c prostate cancer.

In our study, 38 (24%) patients had
transition zone cancers, some of which
were associated with locally advanced
disease yet were clinically undetectable
owing to their anterior location. In an-
other study, 46% of patients with clinical
stage T1c prostate cancer had transition
zone cancer that was clinically undetect-
able because of its anterior location (29).
Although in the past it has been consid-
ered difficult to diagnose transition zone
cancer at MR imaging because the heter-
ogeneous signal intensity in the transition
zone is frequently associated with benign

prostate hypertrophy, our study results
confirm that MR imaging has similar ac-
curacy in the diagnosis of transition zone
and peripheral zone cancers, as reported
in another relatively recent study (40).

Our study was limited in that the
readers were aware that all of the pa-
tients had clinical stage T1c disease. An-
other limitation was the difficulty in cor-
relating tumor location on MR images
with tumor location on step-section pa-
thology maps. We attempted to minimize
this problem with consensus review of the
tumor locations at step-section pathologic
analysis. In addition, to ensure the feasi-
bility of pathologic correlation, we in-
cluded only those patients who had un-
dergone surgery. We did not include pa-
tients who chose other types of treatment
or deferred treatment. These limitations
may have led to bias in our study.

In conclusion, clinical stage T1c pros-
tate cancers are heterogeneous in patho-
logic stage and volume. Endorectal MR
imaging can yield additional valuable di-
agnostic information about patients with
these cancers. Future studies with larger
patient populations and involving other
state-of-the-art MR techniques, such as
dynamic perfusion and diffusion-weighted
examinations, may yield further insight
into the potential role of MR imaging in
stratifying patients with clinical stage T1c
prostate cancer according to their risk of
disease progression for individualized
clinical management.
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