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Differentiation of Prostatic Carcinoma and Benign
Prostatic Hyperplasia: Correlation
Between Dynamic Gd-DTPA-Enhanced MR Imaging
and Histopathology
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One of the major factors limiting the staging accuracy of
conventional magnetic resonance imaging (MRI) for pros-
tatic carcinoma, is the similarity in signal intensity be-
tween tumor and coexisting benign prostatic hyperplasia
(BPH). As neovascularity is an independent indicator of
pathological state, dynamic contrast-enhanced MRI may
yield additional information. This study correlates the
histopathological findings from 12 radical prostatectomy
patients on a region-by-region basis, with pharmacokinetic
modeling of dynamic contrast-enhanced (0.2 mmol dimeg-
lumine gadopentetate/kg), fast multiplanar spoilt gradient-
recalled echo images, using a two-compartment simplex
minimization technique. Quantitative analysis demon-
strated differences in the amplitude of the initial contrast
upslope and contrast exchange rate between tumor and
fibromuscular BPH (P F 0.03 and P F 0.03, respectively)
and for the contrast exchange rate between tumor and
fibroglandular BPH (P F 0.04), providing improved delinea-
tion of intraprostatic tumor extent compared with conven-
tional imaging techniques. J. Magn. reson. Imaging 1999;
9:311–316. r 1999 Wiley-Liss, Inc.
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MAGNETIC RESONANCE IMAGING (MRI) has been
used increasingly to image the prostate since the intro-
duction of the endorectal (ER) surface coil and fast
spin-echo (FSE) scanning techniques. The use of an ER
coil has resulted in overall staging accuracy rates for
prostatic tumor of between 68% and 82%, although
staging of local disease is considerably poorer at 57%
(1–3). The major factors thought to limit the staging
accuracy of MRI include the signal intensity of the
primary tumor and the resulting determination of in-

traprostatic tumor location and size. Most tumors are
hypointense on T2-weighted sequences and are situ-
ated in the peripheral zone, where approximately 70%
are readily detected by MRI. However, it is recognized
that MRI both over- and underestimates tumor volume.
Even with an ER coil, Lencioni et al (4), using T2-
weighted FSE images, obtained volume measurements
that were only accurate to within 50% of the pathologi-
cal tumor volume measurement, in 92% of patients
examined. This was thought to be due to the similarity
in signal intensity between tumor and central gland
tissue: poor discrimination resulted, particularly in the
presence of coexisting benign disease. This inability to
identify the tumor margins accurately may also result in
unrecognized proximity to the prostatic capsule, a fea-
ture considered an important predictor of transcapsu-
lar tumor spread and hence correct local tumor staging.

Dimeglumine gadopentetate (Gd-DTPA)-enhanced
MRI with dynamic data acquisition has been shown to
improve significantly tissue characterization and assess-
ment of disease extent in other solid tumors (5). Al-
though contrast enhancement is seldom used in pros-
tatic disease, current reports suggest that postcontrast
T1-weighted spin-echo (SE) scanning does not improve
the accuracy of detection or intraglandular staging of
prostate cancer compared with T2-weighted FSE imag-
ing (6,7). The purpose of this study was to examine the
ability of dynamic contrast-enhanced MRI, analyzed
quantitatively by pharmacokinetic modeling, to differen-
tiate histologically proven benign from malignant pros-
tatic disease to determine the intraprostatic tumor
extent.

MATERIALS AND METHODS

Patient Population

Twelve patients with newly diagnosed prostatic adeno-
carcinoma underwent MRI. They were all candidates for
radical prostatectomy on the basis of transrectal ultra-
sound findings, negative radioisotope bone scan, pros-
tate-specific antigen (PSA) level, and prostate biopsy.
The patients ranged from 57 to 70 years of age, with an
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average age of 65 years. The diagnosis of prostatic
neoplasm was made 4–6 weeks prior to MRI by ultra-
sound-guided transrectal biopsy using a conventional
double-line technique to sample left and right aspects of
the apex, middle, and base of the gland, with further
biopsies of ultrasonically suspicious areas. The mean
PSA level was 9.5 ng/mL, ranging from 4.7 to 15.8
ng/mL. The Gleason grade of the biopsy specimens,
defined as the sum of the scores of the primary and
secondary patterns or twice the score if only a single
pattern was detected, ranged from 3 to 5.

Imaging Technique

MRI was performed in the supine position using a 1.5 T
superconducting magnet (Signa Advantage, 5.4.2 ver-
sion software; General Electric, Milwaukee, WI) with an
integrated endorectal pelvic phased-array multicoil
(Medrad, Pittsburgh, PA). Intravenous buscopan was
administered to minimize peristaltic artifact. An initial
sagittal localizing scan was obtained to ensure accurate
positioning of the ER coil and for positioning of the axial
images. Images perpendicular to the posterior aspect of
the prostate gland were obtained from the seminal
vesicles to the prostatic apex using a heavily T2-
weighted FSE sequence (TR 3400 msec, TE 160 msec;
ETL 8; echo spacing 17 msec; field of view (FOV) 14 cm;
matrix 256 3 192; 4 excitations; 4 mm slice thickness
and 1 mm slice gap; 16 kHz bandwidth). Thirty-five
sequential images were then acquired dynamically at
four preselected slice locations through the prostate,
using a fast multiplanar spoilt gradient-recalled echo
(FMPSPGR) sequence (TR 10.4 msec, TE 2.9 msec; flip
angle 25°; FOV 20 cm; matrix size 256 3 128; 2
excitations; slice thickness 6–7 mm; 2 mm interslice
gap). This resulted in a temporal resolution of approxi-
mately 11 seconds. Gd-DTPA (Magnevist, Schering,
Berlin, Germany) was administered by direct intrave-
nous injection at a dose of 0.2 mmol/kg body weight
through an indwelling IV cannula immediately prior to
the acquisition of the third data point and followed by a
10 mL 0.9% NaCl flush to ensure complete delivery
of the contrast medium for quantitative measure-
ment. Phase encoding was performed left to right for all
sequences.

Image Postprocessing and Analysis

Quantitative analysis of Gd-DTPA distribution was car-
ried out using a two-compartment model, in which the
concentration of Gd-DTPA is assumed to be propor-
tional to the relative increase in FSPGR signal. Three
parameters resulted from this analysis: amplitude (ini-
tial slope of signal-time curve), and the exchange and
wash-out rate constants. Curve fitting of the image data
on a pixel-by-pixel basis, using a simplex minimization
technique (8), allowed the creation of three-color scale
parameter maps for each study. A 4 3 4 mm grid was
superimposed on the parameter maps using the
ANALYZETM software system (Biomedical Imaging Re-
source, Mayo Foundation, Rochester, MN) for subse-
quent comparison with the histopathology specimens.
As there was little or no patient movement, the same

grid location was employed for each image in the dy-
namic series.

Histopathology

All patients underwent radical retropubic prostatec-
tomy for presumed stage A2, B1, or B2 prostatic carci-
noma within 4–6 weeks after MRI. All specimens were
fixed in 5% buffered formalin for 24 hours, prior to
sectioning. The entire gland was then cut by hand into 5
mm thick sections along a plane perpendicular to the
posterior aspect of the prostate and each slice then
halved or quartered, according to size, for further pro-
cessing. Macrotome slices (7 µm thick) were obtained
from the superior surface of each section and stained
with hematoxylin and eosin. A total of 33 sections,
which corresponded to the slice locations of the dy-
namic FMPSPGR sequence, were analyzed after super-
imposition of a transparent grid with 4 3 4 mm squares.
In each case the grid was aligned as closely as possible
to the orientation of the grid superimposed on the
dynamic MR images. The tissue type was then recorded
by location on the grid using the following classification:
prostatic adenocarcinoma (poorly to well differentiated);
benign prostatic hyperplasia (BPH) subdivided into glan-
dular (with or without cystic ectasia), fibromuscular,
and mixed glandular/stromal (fibroglandular); and nor-
mal stromal and glandular elements. For benign dis-
ease only squares in which a single tissue type com-
pletely filled the square were used in subsequent
analysis. However, as tumors grow by infiltration, all
squares containing tumor were analyzed and the per-
centage of tumor in each graded from 5–19%, 20–39%,
40–59%, and 60–79% to .80%.

Data Analysis

Of the 2574 grid locations examined, 1287 fulfilled the
above pathological criteria. To avoid excessive partial
volume averaging, only groups of at least four squares
with identical benign pathology or similar grades of
tumor infiltration were used for analysis. The values of
the pharmacokinetic parameters for each grid location
within these preselected groups were calculated and the
mean value used in subsequent analysis. The data were
then examined for intra-patient differences between
benign and malignant tissue, using the nonparametric
Wilcoxon matched-pairs signed-ranks test.

RESULTS

Of the 1287 grid locations used for analysis, 324 con-
tained tumor, 186 fibromuscular BPH, 615 fibroglandu-
lar BPH, 36 mixed ectatic and non-ectatic glandular
BPH, and 126 normal stromal and glandular elements.
In three patients histology revealed only two or three
squares occupied by tumor; as a result, comparison of
dynamic FMPSPGR data and histology was not possible
in these patients.

Only tumor and BPH in figure 1 demonstrates typical
signal-intensity time curves, derived from the dynamic
FSPGR data for tumor, and fibroglandular BPH, which
are fitted to a two-compartment pharmacokinetic model
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for quantitative analysis. For each individual the region
(group of at least four preselected grid locations) contain-
ing the greatest percentage of tumor infiltration was
used in analysis. Thus regions containing 20% to 39%
tumor infiltration were used in two patients, 40% to
59% in a further two patients, and .80% in five pa-
tients. The mean values obtained for the rate constant
for contrast washout, amplitude of contrast washin,
and rate constant for contrast exchange for the different
tissue types were analyzed and are tabulated in Table 1.
However, as only three patients demonstrated pure
glandular BPH, analysis of this group was deemed
inappropriate. Tumor demonstrated a slight increase in
the amplitude of contrast uptake and the rate constant
for contrast exchange compared with normal contralat-
eral peripheral zone, but due to the small number of
patients with normal peripheral zone tissue, the differ-
ence in results only approaches significance (Fig. 2).

Comparison of tumor and fibromuscular BPH re-
vealed significantly higher values for both amplitude
(P , 0.03) and exchange rate (P , 0.03) for neoplastic
tissue. When tumor was compared with fibroglandular
BPH, a weak difference was detected for amplitude (P ,
0.07), but a stronger difference was obtained for the rate
constant for contrast exchange (P , 0.04). The rate

constant for contrast washout failed to differentiate any
of the tissue types.

To determine the effect of the amount of tumor
present on the parametric values, areas within the
largest tumors containing different percentages of tu-
mor infiltration were examined separately. In five pa-
tients calculation of the parameter values was possible
for at least four of the five grades of percentage of tumor
involvement determined histologically. All patients
showed increasing values for both amplitude and ex-
change rate with increasing tumor involvement, with
the exception of one patient who showed a steady
increase in exchange rate from 0–19% to 60–79% tumor
infiltration, but a drop at .80% infiltration (Fig. 3). No
trend was apparent for the rate constant for contrast
washout.

DISCUSSION

The histological grade, location, and size of prostatic
tumors are major factors in determining the ability of
MRI to stage local disease accurately. Prostatic carci-
noma occurs in a broad range of histological patterns
that contribute to the spectrum of signal intensity
changes observed. The signal intensity is dependent on
the degree of cellularity and hence differentiation of the
lesion, with the high cellularity and reduced fluid con-
tent of well to moderately well differentiated tumors
resulting in low signal intensity (9). In contrast, poorly
differentiated tumors grow by infiltration, with strands
of tumor running between normal tissue causing little
architectural distortion or alteration in signal intensity
and making them poorly visible on MRI. Furthermore,
nodules of mixed glandular and fibromuscular BPH
may have a similar signal intensity to that of well-
differentiated nodules of adenocarcinoma, resulting in
nonvisualization of small tumors arising in the central
gland or transitional zone. In addition, as tumors grow and
encroach on the central gland, the margin identification is
lost and the accuracy of volume estimation is reduced.

Biopsy-related changes may also account for some
discrepancies in tumor delineation. Post-biopsy hemor-
rhage may produce either high or low signal intensity

Figure 1. Typical time-signal
intensity curves obtained from
the FMPSPGR sequence for his-
tologically confirmed regions of
tumor and fibroglandular BPH.
The enhancement factor curves
generated from the FMPSPGR
data for tumor and BPH demon-
strate good fit with the line fit-
ted to the data by the two-
compartment pharmacokinetic
model. The goodness of fit for
this data is highly significant
(P , 0.001).

Table 1
Quantitative Analysis of Maximum Values Achieved for Washout,
Amplitude and Exchange Rate for Pixels Containing Tumour,
Normal Peripheral Zone Tissue and Fibromuscular and
Fibroglandular BPH

Tumour

Contrast
washout

Amplitude of
initial upslope

Contrast
exchange rate

Fibromuscular BPH z 5 20.338 z 5 22.201 z 5 22.201
n 5 7 n 5 7 n 5 7
p 5 0.74 p 5 0.03 p 5 0.03

Fibroglandular BPH z 5 20.533 z 5 21.836 z 5 22.073
n 5 9 n 5 9 n 5 9
p 5 0.59 p 5 0.07 p 5 0.04

Normal peripheral zone z 5 20.730 z 5 21.826 z 5 21.826
n 5 4 n 5 4 n 5 4
p 5 0.46 p 5 0.07 p 5 0.07
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artifact depending on the age of the hematoma. This
may lead to overestimation of disease if the hematoma is
unrecognized, or underestimation if the signal intensity
changes obscure underlying capsular invasion. The
prostate is also frequently the site of asymptomatic
disease, namely, unsuspected chronic prostatitis, which
gives rise to focal hypointensities in the peripheral zone.
That these lesions may be mistaken for malignancy was
demonstrated by Brem et al (10) in a study evaluating
the ability of MRI to detect nonpalpable carcinoma in
the contralateral lobe of patients with palpable prostatic
carcinoma. Although 21 tumors were correctly identi-
fied in a study population of 53 patients, focal abnormali-
ties were incorrectly labeled as tumor in a further 16
patients, resulting in a specificity of only 48%.

Contrast-enhanced MRI has been infrequently em-
ployed in the evaluation of prostatic cancer, and the
results obtained to date are conflicting. In 1989 Kahn et
al (6) examined the ability of MRI to predict tumor
volume and stage preoperatively, in clinically localized
prostate cancer, using T2-weighted SE and pre- and
post-Gd-DTPA enhanced, T1-weighted SE images. Dis-
crete, inhomogeneous enhancement of the prostate was
demonstrated, but no enhancement of the tumor was
obtained. This was contrary to a report by Nishimura et
al (7), who found enhancement of the presumed tumor
bearing area. In 1995, Huch Böni et al (11) used an ER
coil, T2-weighted FSE, and postcontrast T1-weighted
SE imaging to evaluate preoperative staging accuracy.
Although Gd-DTPA-enhanced images improved the diag-

Figure 2. a: T2-weighted FSE (TR/TE 3400/160 msec) image
obtained with the endorectal coil, showing diffuse low signal
intensity throughout both peripheral zones, which merges with
the central gland. The site of tumor is not identified. b: The
corresponding parametric image demonstrating increase in
the contrast exchange rate throughout the right peripheral
zone. c: Hematoxylin and eosin-stained section, obtained at a
corresponding level, confirms the presence of tumor in the
right peripheral zone (dotted line).
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nostic confidence of seminal vesicle and prostatic cap-
sule involvement by 35%, it was inferior to T2-weighted
FSE images for the detection of intraglandular tumor
extent. Dynamic contrast enhancement has been used
extensively in the investigation of other solid tumors,
particularly breast disease, but has not been used to
investigate prostatic pathology.

Although this study is preliminary and patient num-
bers small, there was a significant difference in the
amplitude of the initial signal-time response curve be-
tween tumor and both fibromuscular and fibroglandu-
lar BPH and a significant difference in the rate constant
for contrast exchange between tumor and fibromuscu-
lar BPH. As amplitude and exchange rate are deter-
mined by the vascularity of tissue, the differences
observed may reflect the induction of new vessels by
malignant tissue. The results of this study suggest that
the magnitude of change observed for malignant tissue
may be significantly different from that of benign dis-
ease and may allow tissue differentiation, but is influ-
enced by the amount of tumor present, with the largest
tumor loads initiating the greatest change. However, the
parameter images did not provide the anatomical detail
required for staging to assess the prostatic capsule,
neurovascular bundles, or seminal vesicles and as such

should only be used as an adjunct to conventional
imaging.

There are conflicting ideas about the best method of
analyzing dynamic data, but undoubtedly the accuracy
with which tumors can be characterized is limited by
the accuracy of estimation of the different pharmacoki-
netic parameters. This varies between models. In the
two-compartment model used in this study, the signal
maximum of tissue curves is delayed in comparison
with the arterial signal, by a tissue-specific transport
parameter. This characterizes the rate of exchange of
Gd-DTPA between the plasma and the interstitium of
the tissues. Estimation of exchange and washout rates
in this model are arrived at by curve fitting; because the
imaging time is relatively short, the accuracy of measure-
ment of the washout rate is limited, which may ad-
versely affect estimation of the exchange rate. In addi-
tion, this model, while measuring amplitude and the
rate constants for contrast exchange and washout, does
not take into account the preinjection T1 of the tumor,
nor does it measure plasma Gd-DTPA concentration. It
is possible that the accuracy of differentiating benign
from malignant disease would be increased if absolute
tissue parameters could be measured in vivo (12–14).

Figure 3. Effect of the
amount of tumor present on
the parametric values for (a)
the rate constant of contrast
exchange and (b) the ampli-
tude of the initial upslope of
contrast washin for five pa-
tients. Calculation of para-
metric values for a minimum
of four of the five grades of
tumor infiltration was only
possible in 5 of the 12 pa-
tients.
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The results of this study are also influenced by inevitable
errors in the location of the imaging section and the histo-
pathological specimen slice, tissue shrinkage secondary to
fixation, and partial volume averaging. In an attempt to
limit these inaccuracies, analysis was restricted to
clusters of four squares containing a single tissue type.
This resulted in the exclusion of small tumors and BPH
nodules, which would be most prone to partial volume
averaging. Use of thinner histopathological sections,
corresponding to a greater number of slice locations for
dynamic MRI, would reduce the effect of partial volume
averaging but would result in poorer temporal resolu-
tion for dynamic imaging with currently available tech-
nology. This might have detrimental effects on the
ability to measure amplitude and exchange rate.

CONCLUSIONS

In summary, quantitative analysis of dynamic data
using a pharmacokinetic model provided detailed analy-
sis of the signal-time response curve on a region-by-
region basis throughout the prostate. Detailed compari-
son with the histopathology demonstrated that the
amplitude of the initial contrast uptake slope and the
rate constant for contrast exchange provided good differ-
entiation of benign from malignant disease, potentially
allowing better delineation of intraglandular tumor ex-
tent compared with conventional T2-weighted FSE imag-
ing. However, further improvement in discrimination of
tumor from BPH is desirable, and various methods are
currently being examined, including better spatial reso-
lution of dynamic imaging, accurate timing of arterial
enhancement, and the determination of intraglandular
citrate distribution using proton MR spectroscopy and
other techniques.
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