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 Purpose: To determine if performing magnetic resonance (MR) 
spectroscopic imaging, compared with performing T2-
weighted MR imaging alone, improves the detection of 
locally recurrent prostate cancer after defi nitive external 
beam radiation therapy.

 Materials and 
Methods: 

This retrospective single-institution study was approved 
by the committee on human research, with a waiver 
of informed consent, and was compliant with HIPAA 
requirements. Sixty-four men who underwent endorectal 
MR imaging, MR spectroscopic imaging, and transrectal 
ultrasonographically guided biopsy for suspected local 
recurrence of prostate cancer after defi nitive external 
beam radiation therapy were retrospectively identifi ed. 
Thirty-three patients had also received androgen therapy. 
Recurrent cancer was determined to be present or absent 
in the left and right sides of the prostate at T2-weighted 
MR imaging and MR spectroscopic imaging by a radiolo-
gist and a spectroscopist, respectively. Area under the 
receiver operating characteristic curve  (A Z )  was calcu-
lated for T2-weighted MR imaging alone and combined 
T2-weighted MR imaging and MR spectroscopic imaging 
by using generalized estimating equations and by using 
biopsy results as the reference standard.

 Results: Recurrent prostate cancer was identifi ed at biopsy in 37 
(58%) of the 64 men. Recurrence was unilateral in 28 
patients and bilateral in nine (total of 46 affected pros-
tate sides).  A Z         analysis revealed that use of combined T2-
weighted MR imaging and MR spectroscopic imaging ( A Z   = 
0.79), as compared with T2-weighted MR imaging alone 
( A Z   = 0.67), signifi cantly improved the detection of local 
recurrence ( P  = .001).

 Conclusion: The addition of MR spectroscopic imaging to T2-weighted 
MR imaging signifi cantly improves the diagnostic accuracy 
of endorectal MR imaging in the detection of locally recur-
rent prostate cancer after defi nitive external beam radia-
tion therapy.
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and MR spectroscopic imaging of the 
prostate performed between February 
1999 and February 2008 because of 
postradiation biochemical failure, based 
on the then prevailing 1996 American 
Society for Therapeutic Radiology and 
Oncology defi nition ( 20 ) (Such refer-
rals represent routine clinical practice 
at our institution.); posttreatment trans-
rectal US-guided biopsy performed 
within 180 days before or after MR 
imaging; and no postradiation salvage 
treatment administered before MR im-
aging or biopsy. 

 Sixty-four patients fulfi lled the de-
scribed criteria. There were no exclu-
sion criteria. Fifty-nine of these men had 
been included in a prior study involving 
investigation of the use of T2-weighted 
MR imaging alone for the detection of 
recurrent prostate cancer after exter-
nal beam radiation therapy ( 18 ). One 
author (A.C.W., 5 years of expertise 
in genitourinary imaging) reviewed all 
medical and clinical records to collect 
all available pretreatment, posttreatment, 
and histopathologic data. 

 MR Imaging and Spectroscopic 
Imaging Technique 
 MR imaging examinations were per-
formed by using a 1.5-T whole-body 
MR unit (Signa; GE Medical Systems, 
Milwaukee, Wis). Patients were imaged 

characterization of prostate cancer. 
Standard T2-weighted MR imaging of 
the irradiated prostate may be limited by 
the posttreatment loss of zonal anatomy 
and diffuse low T2 signal, which hinder 
tumor detection ( 15–18 ). As a result, 
MR spectroscopic imaging, a technique 
that enables the detection of abnor-
mal metabolism rather than abnormal 
anatomy, has been investigated in this 
setting and yielded promising results in 
earlier studies ( 15,16,19 ). These stud-
ies have been small and did not fully 
address the incremental value of MR 
spectroscopic imaging compared with 
T2-weighted MR imaging alone. Accord-
ingly, we undertook this study to deter-
mine if the addition of MR spectroscopic 
imaging, as compared with T2-weighted 
MR imaging alone, improves the detec-
tion of locally recurrent prostate cancer 
after defi nitive external beam radiation 
therapy. 

 Materials and Methods 

 Patient Population 
 This retrospective single-institution study 
was approved by our committee on hu-
man research, with the requirement 
for informed consent waived, and was 
compliant with the requirements of the 
Health Insurance Portability and Ac-
countability Act. We retrospectively 
searched our medical and radiologic 
databases to identify all patients who 
met the following inclusion criteria: 
biopsy-proven prostate cancer and pri-
mary defi nitive treatment with external 
beam radiation therapy (with or with-
out associated neoadjuvant or adjuvant 
androgen deprivation therapy); post-
treatment 1.5-T endorectal MR imaging 

             Approximately 200 000 American 
men received a diagnosis of pros-
tate cancer in 2009 ( 1 ), and up 

to 25% of them chose external beam 
radiation therapy as their defi nitive 
treatment ( 2–4 ). Patients treated with 
external beam radiation therapy are fol-
lowed   up with serial measurements of 
their serum prostatic-specifi c antigen 
(PSA) levels. Biochemical failure (in-
creasing PSA   level after a nadir level) is 
seen in approximately 50% of patients 
after 5 years, depending on the pre-
treatment risk factors. Once biochemi-
cal failure occurs, further investigation 
is initiated to determine the presence 
or absence of recurrent disease, which 
can be local (25%–30% of cases), sys-
temic (20%–25% of cases), or both 
(45%–55% of cases) ( 5–14 ). The de-
tection or exclusion of local recurrence 
infl uences the therapeutic choices for 
patients with postradiation biochemi-
cal failure, which include surveillance, 
systemic hormonal therapy, and salvage 
prostatectomy. Transrectal ultrasonog-
raphy (US)-guided sextant biopsy is 
the current reference standard for the 
detection of local recurrence of pros-
tate cancer in patients with biochemi-
cal failure after external beam radiation 
therapy, but   it is invasive and may fail 
to depict some tumors because only a 
small fraction of the gland is sampled. 
An accurate noninvasive alternative 
that enabled assessment of the entire 
gland would be preferable. 

 In recent years, endorectal magnetic 
resonance (MR) imaging, particularly 
that performed by using T2-weighted 
sequences, has emerged as an exciting 
modality for the local detection and 

 Implication for Patient Care 

 The information obtained with  n

combined T2-weighted MR imag-
ing and MR spectroscopic imag-
ing may assist clinicians in advis-
ing patients about subsequent 
clinical evaluation and selecting 
those patients for whom targeted 
prostate-side biopsy is appropri-
ate for confi rming disease. 

 Advance in Knowledge 

 The addition of MR spectroscopic  n

imaging to T2-weighted MR 
imaging signifi cantly improves the 
detection of locally recurrent 
prostate cancer after defi nitive 
external beam radiation therapy; 
in the current study ,  the area 
under the receiver operating 
characteristic   curve increased  
 from a fair value (0.67) to a good 
value (0.79). 
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left and right sides of the prostate. The 
presence of tumor was based on expert 
judgment rather than strict objective cri-
teria, but in general, tumor was consid-
ered to be present if a masslike nodule 
was seen in the prostate or a crescentic 
subcapsular focus of low T2 signal in-
tensity was seen in the peripheral zone 
( 24 ). An experienced spectroscopist 
(J.K., 18 years of experience) indepen-
dently reviewed all MR spectroscopic 
data at the UltraSparc workstation and 
judged recurrent cancer to be present 
or absent in the left and right sides of 
the prostate. The spectroscopist also 
had access to T2-weighted MR images 
so that potentially confounding partial 
volume effects could be incorporated 
into the fi nal expert spectroscopic eval-
uation. Muscle, for example, is known 

was previously developed specifi cally for 
three-dimensional MR spectroscopic im-
aging examinations. Integrated peak area 
values for choline, creatine, and citrate, 
and peak choline-to-creatine and choline 
plus creatine–to-citrate area ratios were 
automatically calculated for each voxel. 
MR spectroscopic imaging data (ie, 
spectra and associated metabolic ratios) 
were overlaid on the corresponding axial 
T2-weighted MR images (Fig 1 ). 

 MR Image Interpretation 
 A single experienced radiologist (F.V.C., 
13 years of expertise in genitourinary 
imaging) reviewed all MR images on 
a picture archiving and communica-
tion system workstation (Impax; Agfa, 
Mortsel, Belgium) and judged recurrent 
cancer to be present or absent in the 

by using the body coil for excitation 
and a pelvic phased-array coil (GE 
Medical Systems) in combination with a 
commercially available balloon-covered 
expandable endorectal coil (Medrad, 
Pittsburgh, Pa) for signal reception. 
After a localizer image was obtained, 
T1-weighted spin-echo MR images 
(766/8 [repetition time msec/echo time 
msec], section thickness, 5 mm; inter-
section gap, 1.5 mm; fi eld of view, 24 cm; 
matrix, 256  3  192; anteroposterior fre-
quency encoding; one signal acquired) 
of the pelvis were obtained. The MR 
sequences also included thin-section 
high nominal spatial resolution axial and 
coronal T2-weighted fast spin-echo im-
ages of the prostate and seminal vesicles 
obtained with the following parameters: 
5000/96, echo train length of 16, sec-
tion thickness of 3 mm, intersection gap 
of 0 mm, fi eld of view of 14 cm, matrix 
of 256  3  192, anteroposterior frequency 
encoding (to prevent obscuring of pros-
tate by endorectal coil motion artifact), 
and three signals acquired. 

 After review of the axial T2-weighted 
images, an MR spectroscopic imaging vol-
ume that would maximize coverage of 
the prostate while minimizing the inclu-
sion of periprostatic fat and rectal air was 
selected by an experienced spectroscopist 
(J.K., 18 years of experience). Three-
dimensional MR spectroscopic imaging 
data were acquired by using a water- and 
lipid-suppressed double–spin-echo point-
resolved spectroscopy sequence with 
spectral-spatial pulses for the two 180° 
excitation pulses, which was optimized 
for the quantitative detection of choline, 
creatine, polyamines, and citrate ( 21,22 ). 
Outer-voxel saturation pulses were used 
to further sharpen the volume selection 
and conform the selected volume to 
the shape of the prostate (to eliminate 
susceptibility artifact from peripros-
tatic fat and rectal air) ( 23 ). Data sets 
were acquired with 16  3  8  3  8 phase-
encoded spectral arrays (1024 voxels with 
a spatial resolution of 0.24–0.34 cm 3 ), 
1000/130, and a 17-minute acquisition 
time. Three-dimen sional MR spectro-
scopic imaging data were processed 
offl ine   at an UltraSparc workstation 
(Sun Microsystems, Mountain View, 
Calif) by using in-house software that 

 Figure 1 

  

  Figure 1:  Biopsy-proven recurrent prostate 
cancer in left side of prostate in 60-year-old man. 
 (a)  Axial T2-weighted MR image shows fi ndings 
consistent with posttreatment changes (arrow).  (b)  
However, MR spectroscopic image clearly depicts 
areas of malignant metabolism (ie, increased choline 
peak relative to creatine level). Spectra from the line 
grid on the image (left) are shown at right.   
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population are provided in  Table 1 . The 
median PSA level at the time of imaging 
was 2.6 ng/mL (range, 0.7–23.3 ng/mL). 
Recurrent prostate cancer was identifi ed 
at biopsy in 37 (58%) of the 64 men 
and was unilateral in 28 men and bi-
lateral in nine (for total of 46 affected 
prostate sides). The mean time interval 
between biopsy and MR imaging was 60 
days (range, 0–175 days); the interval 
for 48 (75%) of the 64  patients was 80 
days or less. 

 Imaging Results 
 There was a signifi cant difference ( P  = 
.001) between  A z   values for T2-weighted 
MR imaging alone (0.67; 95% CI: 0.60, 
0.75) and those for the integrated ap-
proach involving both T2-weighted MR 
imaging and MR spectroscopic imaging 
(0.79; 95% CI: 0.72, 0.86) ( Fig 2  ). The 
2  3  2 tables for each approach show 
that the combined approach involving MR 
spectroscopic imaging had more true-
positive results than did T2-weighted MR 
imaging alone (59% vs 41%, respec-
tively), without an important change 
in the number of false-positive results 
(10% [eight of 82] vs 7% [six of 82], 
respectively) ( Tables 2 and 3  ). Fourteen 
prostate sides were incorrectly classi-
fi ed as negative for cancer with both 
T2-weighted MR imaging and MR spec-
troscopic imaging, and the diagnosis of 
recurrent disease was missed in eight 
patients with the combined approach. 
The results of both modalities based on 
biopsy results are summarized in  Table 4  . 

 The results of secondary analyses to 
compare the modalities in the subgroups 
of patients who did and did not undergo 
additional treatment with androgen de-
privation therapy showed that the  A Z   val-
ues for T2-weighted MR imaging alone 
( P  = .02) and for combined T2-weighted 
MR imaging and MR spectroscopic im-
aging ( P  = .03) were signifi cantly differ-
ent. In the patients who received prior 
androgen deprivation therapy, the  A Z   
values were 0.69 (95% CI: 0.58, 0.81) 
and 0.83 (95% CI: 0.72, 0.93), respec-
tively. In the patients who did not re-
ceive androgen deprivation therapy, 
the  A Z   values were 0.65 (95% CI: 0.54, 
0.75) and 0.76 (95% CI: 0.64, 0.88), 
respectively. 

these reports were reviewed by one of 
the authors (A.C.W., 5 years of experi-
ence in genitourinary imaging). Histo-
pathologic evidence of only a posttreat-
ment effect was considered a negative 
result ( 29 ). 

 Student  t ,  x  2 , and Mann-Whitney 
tests were used to compare the distri-
bution of variables between the patients 
with positive and those with negative 
biopsy outcomes ( Table 1  ). We used 
logistic regression with either a single 
predictor—that is, T2-weighted MR 
imaging results—or two predictors—
specifi cally, T2-weighted MR imaging 
results and MR spectroscopic imaging 
results—to model the probability of a 
positive outcome. To take into account 
the clustering effect related to the arti-
fi cial division of the prostate (right and 
left sides), we used generalized estimat-
ing equations. The performance of each 
technique was described by using re-
ceiver operating characteristic curves. We 
used cluster resampled bias-corrected 
bootstrap confi dence intervals to com-
pare differences between the areas 
under the receiver operating charac-
teristic curves  (A Z )  ( 30 ). Because the 
use of androgen deprivation therapy 
may affect the detection of recurrent 
disease on T2-weighted MR images and 
MR spectroscopic images differently, 
we performed a subgroup analysis of 
the diagnostic performance of these 
modalities in patients who received and 
patients who did not receive additional 
treatment. For all statistical analyses, 
 P   ,  .05 was considered to indicate a 
signifi cant outcome. Statistical calcula-
tions were performed by using Stata 11 
software (Stata, College Station, Tex). 

 Results 

 Clinical Results 
 The overall median pretreatment PSA 
level and Gleason score sum at the time 
of the prostate cancer diagnosis were 
9.25 ng/mL (range, 3.50–81.7 ng/mL) 
and 7 (range, 5–10), respectively. Thirty-
three patients received androgen de-
privation therapy; data were not avail-
able for one patient. Other clinical and 
treatment characteristics of our patient 

to contain choline ( 25 ); therefore, vox-
els that included both prostatic and 
muscular tissue had elevated choline 
peaks owing to partial volume averaging 
effects—not prostate cancer. The spec-
troscopist used T2-weighted images to 
identify such voxels and exclude them 
from the analysis. The interpretation of 
MR images, however, was based solely 
on the fi nal metabolic peak ratios and 
the number of abnormal voxels. 

 An MR spectroscopic imaging fi nd-
ing was considered to be positive if 
three or more contiguous ipsilateral 
voxels with elevated choline levels and 
no citrate were detected. If creatine 
was detectable, elevated choline level 
was defi ned as a choline-to-creatine ra-
tio greater than 1.5:1. If creatine was 
absent, elevated choline level was de-
fi ned as a choline peak area–to-noise 
ratio greater than 5:1 ( 26 ). The readers 
independently reviewed the data during 
separate sessions, and no consensus 
meeting was held to address discrepan-
cies between them. Both readers knew 
that the patients previously had under-
gone external beam radiation therapy 
for prostate cancer and were referred 
for biochemical failure, but they were 
blinded to all other clinical and histo-
logic information. 

 Statistical Analyses 
 Prostate side was used as the unit of 
analysis in this study. Our decision to 
localize MR spectroscopic abnormali-
ties to the side of the prostate instead 
of to the sextant was based on previ-
ously reported results that demon-
strated the limitation of the prostatic 
sextant as a unit of analysis ( 27,28 ). 
Some of this inaccuracy is likely attrib-
utable to errors in registration between 
imaging sections and biopsy specimens. 
Because of radiation-induced shrinkage 
and distortion of prostatic tissue, sextant 
localization is further impaired at both 
transrectal US and MR imaging, and such 
errors are likely to be even greater. The 
presence or absence of recurrent cancer 
in each prostate side at transrectal US-
guided sextant biopsy was used as the 
standard of reference. A staff patholo-
gist at our institution completed a his-
topathologic report for all cases, and 
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 Discussion 

 Early diagnosis of recurrent prostate 
cancer after external beam radiation 
therapy is important because it may 
affect patients’ outcomes ( 31 ). The 
results of our study suggest that MR 
imaging is an acceptable noninvasive 
method to evaluate these patients, but 
the imaging protocol should include at 
least MR spectroscopic imaging. Our 
results also suggest that the benefi t of 
adding MR spectroscopic imaging is not 
dependent on the androgen depriva-
tion therapy status. To our knowledge, 
researchers in only two prior studies, 
involving a population of 30 patients, 
have investigated the value of using 
MR spectroscopic imaging to detect re-
current prostate cancer after external 
beam radiation therapy ( 15,16 ). Our 
study results add to the pool of avail-
able data. In addition, in these two 
studies, the investigators compared the 
accuracies of T2-weighted MR imaging 
and MR spectroscopic imaging but   did 
not assess the value of combining the 
two approaches. 

 Our results are concordant with prior 
studies in which the results showed that 
T2-weighted MR imaging is a poor tech-
nique for detecting local recurrence af-
ter radiation therapy, mainly because 
the glands become atrophic and have 
diffuse low signal intensity. The data 
suggest that T2-weighted MR imaging 
has low sensitivity and high specifi city 
when it is used alone and that MR spec-
troscopic imaging is more sensitive for 
the detection of recurrent disease than 
is T2-weighted MR imaging ( 15–18 ). 
Yet, recurrent cancer was missed in 
eight (22%) of the 37 men with positive 

 Table 1 

 Patients’ Diagnostic and Treatment Characteristics 

Characteristic Negative Biopsy Positive Biopsy  P  Value * 

Age (y)  †  69 (52–80) 67 (53–81) .48  ‡  
Baseline PSA level (ng/mL)  §  10.07 (3.50–93.00) 9.25 (3.50–81.70) .91  ||  
PSA level (ng/mL)  #  .80
  , 10 13 18
 10–20 7 12
  . 20 6 5
 Unknown 1 2
Gleason score sum  # ** .29
  � 5 1 4
 6–7 22 25
  � 8 3 8
 Unknown 1 0
Clinical stage #   ††  
 T1c–T2b 15 21 .28
 T2c 3 2
 T3a 6 9
 T3b 2 0
 Unknown 1 5
Radiation dose (Gy)  ‡‡  76 (72–82) 72 (65–81) .03  ||  
Androgen deprivation therapy  §§  
 None 10 20 .35
 Neoadjuvant 4 5
 Neo plus adjuvant 12 11
 Delayed 1 0

* Unless otherwise noted,  P  values were calculated at  x  2  testing.

 †  Mean ages at the time of imaging, with age ranges in parentheses.

 ‡  Student  t  test.

 §  Median baseline PSA level measured at the time of the initial diagnosis, with ranges in parentheses.

 ||  Mann-Whitney test.

 #  Data are numbers of patients ( n  = 64).

** Determined at the time of the initial diagnosis.

 ††  Clinical stage based on 2002 American Joint Committee on Cancer criteria, determined at the time of the initial diagnosis.

 ‡‡  Median radiation doses, with ranges in parentheses.

 §§  Data are numbers of patients ( n  = 63); the androgen deprivation therapy status of one patient was not available.

Figure 2

  

  Figure 2:  Receiver operating 
characteristic curves for detection 
of locally recurrent prostate cancer 
after external beam radiation 
therapy (with or without androgen 
deprivation therapy) with T2-
weighted MR imaging (solid line) 
and combined T2-weighted MR 
imaging and MR spectroscopic 
imaging  (MRI/MRSI)  (dotted line). 
Lower dashed line is reference 
line.   

 Table 2 

 T2-weighted MR Imaging versus 
Biopsy Results 

MR Imaging Result

Biopsy Result

Positive Negative Total

Positive 19 6 25
Negative 27 76 103
 Total 46 82 128

Note.—Data are numbers of results.



490 radiology.rsna.org n Radiology: Volume 256: Number 2—August 2010

 GENITOURINARY IMAGING:  Endorectal MR and MR Spectroscopic Imaging Detection of Recurrent Prostate Cancer Westphalen et al

probably would be salvage prostatectomy 
specimen fi ndings. Because of possible 
sampling errors, the use of biopsy as 
a standard of reference could lead to 
biased estimations of the accuracy of 
the imaging examination ( 37 ). Salvage 
prostatectomy, however, is seldom per-
formed. A retrospective design can also 
introduce verifi cation bias because the 
decision to perform surgery probably 
would be infl uenced by the positive re-
sults of imaging. Although our option to 
use prostate side as the unit of analysis 
may seem unconventional, it is based 
on existing data showing the limita-
tions of using sextants to localize dis-
ease ( 27,28 ). In addition, a recent study 
by Kumbhani et al revealed that there 
is no signifi cant difference between the 
accuracy of MR imaging in the detection 
of recurrent cancer when the analysis is 
performed by using sextants and the ac-
curacy when the analysis is performed 
by using prostate sides ( 38 ). 

 In conclusion, the addition of MR 
spectroscopic imaging to T2-weighted 
MR imaging signifi cantly improves the 
detection of locally recurrent prostate 
cancer after defi nitive external beam 
radiation therapy. The resulting in-
formation may assist the clinician in 
advising patients about subsequent 
clinical evaluation and selecting those 
patients for whom targeted prostate-
side biopsy is appropriate for confi rm-
ing disease. Although targeted therapies 
may be offered to patients in whom very 
minimal recurrent disease is diagnosed, 
prostate-side imaging evaluation is suf-
fi ciently accurate to obviate sextant 

the use of a new defi nition of biochemi-
cal failure after external beam radiation 
therapy with or without androgen de-
privation hormonal therapy. Biochemi-
cal failure was defi ned as an increase 
in PSA level of 2 ng/mL or more above 
the nadir level. Validation studies in-
volving use of the Phoenix defi nition of 
biochemical failure suggest that it may 
be a better predictor of local recur-
rence than the 1996 ASTRO defi nition 
( 12,35,36 ). Because biochemical fail-
ure is the usual indicator that imaging 
is needed, new studies are needed to 
determine if the results obtained in our 
study persist in patients who are selected 
on the basis of the new defi nition. 

 Our study had limitations. This 
was a retrospective single-institution 
study; therefore, our results may not be 
generalizable, as imaging acquisitions 
and interpretation expertise vary across 
institutions, particularly with MR spec-
troscopy. Our study design did not 
require a second reader for either the 
T2-weighted MR or MR spectroscopic 
images; therefore, we could not assess 
interreader variability. In addition, a 
retrospective research design is prone 
to sample selection bias. We included 
only those patients who had undergone 
transrectal US-guided biopsy, and this 
probably resulted in a greater than ex-
pected prevalence of recurrent cancer 
in our population than in the general 
population of patients who are treated 
with external beam radiation therapy. 
We used biopsy results as the surrogate 
marker for local tumor recurrence; 
however, a better standard of reference 

biopsy results in our study, even when 
the combined approach was used. That 
is, the number of false-negative cases 
was high, and relying only on either of 
these techniques alone or on both tech-
niques combined could lead to a delay 
in diagnosis and treatment. It is im-
portant to note that MR spectroscopic 
imaging is not the only additional MR 
imaging technique that can be used to 
examine patients suspected of having 
local recurrence. Other authors have 
investigated the use of dynamic con-
trast material–enhanced MR imaging 
and diffusion-weighted MR imaging in 
the same clinical scenario ( 32–34 ), and 
their results also showed better accu-
racy with the combined protocols than 
with T2-weighted MR imaging alone. 
Kim et al, for instance, found that the 
addition of dynamic contrast-enhanced 
3-T MR imaging, as compared with T2-
weighted MR imaging alone, led to an 
improvement in the  A Z ,  from 0.61 to 
0.88 ( 34 ); these results suggest that this 
technique may be more accurate than 
MR spectroscopic imaging for the de-
tection of local tumor recurrence after 
radiation therapy. Overall, however, the 
results of the current and prior stud-
ies suggest that an approach in which 
all MR techniques (T2-weighted MR, 
MR spectroscopic, dynamic contrast-
enhanced MR, and diffusion-weighted 
MR imaging) are incorporated, com-
monly known as multiparametric MR 
imaging, could improve the detection 
of recurrent cancer to more clinically 
relevant levels. Additional research is 
needed to confi rm this hypothesis. 

 In 2006, the American Society for 
Therapeutic Radiology and Oncology 
(ASTRO) developed and recommended 

 Table 3 

 MR Spectroscopic Imaging versus 
Biopsy Results 

MR Spectroscopic 
Imaging Result

Biopsy Result

Positive Negative Total

Positive 27 8 35
Negative 19 74 93
 Total 46 82 128

Note.—Data are numbers of results.

 Table 4 

 Agreement between T2-weighted MR Imaging and MR Spectroscopic Imaging per 
Biopsy-Side Result 

MR Spectroscopic 
Imaging Result

Negative Biopsy Result Group  *  Positive Biopsy Result Group  †  

Positive MR 
Imaging Result

Negative MR 
Imaging Result Total

Positive MR 
Imaging Result

Negative MR 
Imaging Result Total

Positive 1 7 8 14 13 27
Negative 5 69 74 5 14 19
 Total 6 76 82 19 27 46

Note.—Data are numbers of results.

*  P  = .55 (cluster-adjusted  x  2  test).

 †   P  = .08 (cluster-adjusted  x  2  test).
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