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 Purpose: To determine whether magnetic resonance (MR) imaging and 
MR spectroscopic imaging fi ndings can improve predictions 
made with the Kattan nomogram for radiation therapy.

 Materials and 
Methods: 

The institutional review board approved this retrospective 
HIPAA-compliant study. Ninety-nine men who underwent 
endorectal MR and MR spectroscopy before external-
beam radiation therapy for prostate cancer (January 1998 
to June 2007) were included. Linear predictors were cal-
culated with input variables from the study sample and 
the Kattan original coeffi cients. The linear predictor is 
a single weighted value that combines information of all 
predictor variables in a model, where the weight of each 
value is its association with the outcome. Two radiolo-
gists independently reviewed all MR images to determine 
extent of disease; a third independent reader resolved 
discrepancies. Biochemical failure was defi ned as a se-
rum prostate-specifi c antigen level of 2 ng/mL (2  m g/L) or 
more above nadir. Cox proportional hazard models were 
used to determine the probabilities of treatment failure 
(biochemical failure) in 5 years. One model included only 
the Kattan nomogram data; the other also incorporated 
imaging fi ndings. The discrimination performance of all 
models was determined with receiver operating charac-
teristics (ROC) curve analyses. These analyses were fol-
lowed by an assessment of net risk reclassifi cation.

 Results: The areas under the ROC curve for the Kattan nomo-
gram and the model incorporating MR imaging fi ndings 
were 61.1% (95% confi dence interval: 58.1%, 64.0%) 
and 78.0% (95% confi dence interval: 75.7%, 80.4%), re-
spectively  . Comparison of performance showed that the 
model with imaging fi ndings performed signifi cantly better 
than did the model with clinical variables alone ( P   ,  .001). 
Overall, the addition of imaging fi ndings led to an improve-
ment in risk classifi cation of about 28%, ranging from 
approximately a minimum of 16% to a maximum of 39%, 
depending on the risk change considered important.

 Conclusion: MR imaging data improve the prediction of biochemical 
failure with the Kattan nomogram after external-beam ra-
diation therapy for prostate cancer. The number needed 
to image to improve the prediction of biochemical failure 
in one patient ranged from three to six.

 q  RSNA, 2011

   1   From   the Department of Radiology and Biomedical Imag-
ing (A.C.W., F.V.C., J.K., R.S.) and Epidemiology and Biosta-
tistics (J.M.N.), University of California San Francisco, 505 
Parnassus Ave, Box 0628, Room M-372, San Francisco, CA 
94143-0628; Department of Urology, Federal University of 
Rio Grande do Sul, Porto Alegre, Rio Grande do Sul, Brazil 
(W.J.K.); Department of Radiology, Riberão Preto School of 
Medicine, University of São Paulo, Riberão Preto, São Paulo, 
Brazil (V.F.M.); Department of Radiology, Tufts Medical Cen-
ter, Boston, Mass (R.T.M.); and Department of Radiology, 
UCSF-Mt Zion Medical Center, San Francisco, Calif (R.S.). 
Received March 1, 2011; revision requested April 21; fi nal 
revision received May 10; accepted May 19; fi nal version 
accepted June 10.  Address correspondence to  A.C.W. 
(e-mail:  antoniocarlos.westphalen@ucsf.edu ). 

  q  RSNA, 2011 



478 radiology.rsna.org n Radiology: Volume 261: Number 2—November 2011

 GENITOURINARY IMAGING:  MR Prediction of Failure of Prostate Cancer Radiation Therapy Westphalen et al

Likewise, pretreatment PSA level may 
refl ect, at least to a certain extent, the 
presence of benign prostatic hyperpla-
sia ( 15 ). The generalization of a certain 
nomogram is also limited by variations 
in clinical practice and subtle differ-
ences in radiation therapy planning and 
execution. 

 In addition, the variables that are 
part of these prediction tools ( 16,17 ) 
provide limited anatomic and no meta-
bolic information. Such data could im-
prove outcome predictability and offer 
additional information to allow for the 
development of individualized treatment 
protocols. Endorectal magnetic reso-
nance (MR) imaging has emerged as an 
accurate method of evaluating the ag-
gressiveness and extent of prostate can-
cer ( 18–26 ). Previous publications have 
demonstrated that MR imaging and/or 
MR spectroscopic imaging fi ndings are 
predictive of radiation treatment out-
come, particularly in intermediate and 
high-risk groups ( 27–31 ). Wang et al 
( 32,33 ) have shown that the addition of 
endorectal MR imaging and MR spec-
troscopic imaging to staging nomograms 
results in added value in predicting organ-
confi ned prostate cancer in patients 
before radical prostatectomy  . The extent 

ity after external-beam radiation ther-
apy. Progression refers to biochemical 
failure (increasing PSA level after a na-
dir has been reached). The likelihood 
of biochemical failure is at least in part 
dependent on the presence of micro-
metastasis at the time of local therapy, 
and, although the adequate length of 
treatment is still a matter of debate, 
prior studies have shown that the com-
bination of androgen deprivation ther-
apy with local treatment leads to de-
creased rates of treatment failure ( 7,8 ). 
The Kattan nomogram can, therefore, 
be seen as a tool that estimates the 
probability of underlying microscopic 
metastatic disease prior to therapy. The 
most recent version of the nomogram 
was built on the basis of posttreatment 
outcome of over 2000 patients from the 
Memorial Sloan-Kettering Cancer Cen-
ter (New York, NY) ( 6 ). The input for 
each one of the variables that are part 
of the nomogram is associated with a 
certain number of points, and the to-
tal number of points is associated with 
a certain progression-free probability 
( Fig 1  ). The risk of failure is the comple-
ment of the progression-free probability. 

 Unfortunately, despite incorporating 
variables that have been shown to be 
good predictors of treatment outcome, 
these nomograms have had limited suc-
cess ( 4 ). In part, this is a result of inher-
ent limitations of the variables incor-
porated in these models. The Gleason 
score, for instance, is based on biopsy 
results, but biopsy has known prob-
lems. With biopsy, just a small fraction 
of the gland is sampled, and even exten-
sive biopsy protocols do not depict up 
to 30% of cancers ( 9–11 ), particularly 
those localized in the apex and ante-
rior parts of the prostate ( 12 ), many 
of which represent large, high-grade 
cancers. Similarly, and also because of 
sampling errors, the Gleason score of 
tumors may be underestimated ( 13,14 ). 

              Currently, an estimated 30% of pa-
tients select external-beam radia-
tion therapy as their primary mode 

of treatment for prostate cancer ( 1–3 ). 
Yet, despite our best efforts in select-
ing appropriate therapy, up to 50% of 
these patients, depending on risk factors, 
will develop biochemical failure within 
5 years, leaving room for improvement 
( 1–3 ). Prostate cancer treatment options 
are numerous, and accurate prediction 
of patient outcome is an increasingly 
important guide for appropriate treat-
ment of the disease. Men in whom there 
is an increased likelihood of failure of 
routine treatment protocols may receive 
tailored therapies. On the contrary, men 
in whom treatment is unlikely to fail will 
have more confi dence to proceed to pre-
scribed therapies. 

 The development of nomograms and 
risk classifi cations represents an ad-
vance in prediction efforts. These charts 
or diagrams are built on the basis of a 
statistical model, and the model   is de-
signed to predict the outcome of indi-
vidual patients and help both patients 
and physicians with decision making, 
particularly which treatments are more 
desirable. The nomograms and risk 
classifi cations combine multiple known 
risk factors, usually pretreatment clini-
cal variables such as prostate-specifi c 
antigen (PSA) level, clinical stage, and 
biopsy Gleason score, to determine the 
risk of posttreatment recurrence and/or 
to predict the histopathologic stage 
of the cancer ( 4 ). The Kattan nomo-
gram for radiation therapy ( 5,6 ) is a 
widely used and accepted method. It 
uses a combination of fi ve variables that 
are entered into the equation—baseline 
PSA level, clinical stage, Gleason score, 
radiation dose, and use of androgen de-
privation therapy—and is intended to 
calculate the progression-free probabil-

 Implication for Patient Care 

 One in every three to six patients  n

who undergo MR imaging prior 
to treatment may benefi t from 
improved prediction of response 
to radiation therapy. 

 Advance in Knowledge 

 MR imaging and MR spectro- n

scopic imaging fi ndings can 
improve the predictions of bio-
chemical failure following external-
beam radiation therapy made 
with the Kattan nomogram for 
radiation therapy. 
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Figure 2

  

  Figure 2:  Flowchart of patient 
selection.  EBRT  = external-beam 
radiation therapy.   

 Figure 1 

  
  Figure 1:  Kattan nomogram for predicting freedom from PSA failure, defi ned as nadir plus 2 ng/mL 
(2  m g/L), after three-dimensional conformal radiation therapy and intensity-modulated radiation therapy. In 
this example, a hypothetical patient who presents with a pretreatment PSA of 6 ng/mL (6  m g/L) (49 points), 
clinical stage T2c (39 points), and Gleason score 8 (55 points) and who undergoes neoadjuvant therapy 
(0 points) followed by low-dose radiation (19 points) would have a 46% chance of not having PSA failure in 
5 years or, conversely, a 54% chance of having failed treatment (total points, 162). To convert PSA level in 
nanograms per milliliter to micrograms per liter, multiply by 1.0.  N  = no,  PFP  = progression-free probability, 
 Y  = yes. (Reprinted and adapted, with permission, from reference  6   .)   

of disease affects treatment planning; 
because many patients who elect radia-
tion therapy rather than radical prostatec-
tomy have more aggressive and higher 
volume of disease, examination of this 
population is particularly suited to ef-
forts to improve staging nomograms. 

 Accordingly, our goal was to deter-
mine whether MR imaging and MR spec-
troscopic imaging fi ndings can improve 
the predictions made with the Kattan 
nomogram for radiation therapy. 

 Materials and Methods 

 Subjects 
 Our Committee on Human Research 
approved this Health Insurance Porta-
bility and Accountability Act–compliant 
retrospective cohort study. We searched 
all hospital information systems to 
identify patients who underwent en-
dorectal MR and MR spectroscopy prior 
to external-beam radiation therapy for 
prostate cancer from January 1998 to 
June 2007. One hundred ten patients 
were identifi ed, of whom nine were ex-
cluded because of lack of any follow-up 
and two were excluded because images 
were not interpretable because of arti-
facts from an endovascular stent and a 
hip prosthesis. The fi nal group consisted 
of 99 men ( Fig 2  ). 

 Kattan Nomogram 
 The Kattan nomogram calculates the 
patient’s probability of progression-free 
survival after external-beam radiation 
therapy for prostate cancer. The inputs 
to the nomogram are serum PSA level, 
clinical stage that is based on digital 
rectal examination fi ndings, sum of 
Gleason grades, use of neoadjuvant an-
drogen deprivation therapy, and radia-
tion dose ( Fig 1 ) ( 5,6 ). We obtained 
the coeffi cients of the Kattan nomogram 
( 6   ), which allowed us to calculate the 
linear predictors by using the input vari-
ables from our sample. Thus, we were 
able to calculate failure probabilities on 
the basis of the original nomogram. 

 Imaging Technique 
 MR studies were performed with a 
1.5-T whole-body MR imaging unit 

(Signa; GE Medical Systems, Milwaukee, 
Wis). Ninety-fi ve patients were exam-
ined by using the body coil for exci-
tation 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 re-
ception. The balloon was infl ated with 
air ( n  = 76) or perfl uorohydrocarbon 
(3M, St Paul, Minn) ( n  = 23  ). Four pa-
tients were imaged by using the same 
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 MR imaging.—  The number of sex-
tants with visible tumor on MR images 
was counted. A sextant was considered 
positive if a focal masslike nodule or 
crescentic subcapsular focus of low T2 
signal intensity was identifi ed. 

 Extracapsular extension was con-
sidered present if tumor abutted the 
prostate capsule and demonstrated an 
irregular margin with the adjacent 
peripro static tissue, or if frank ex-
tension of tumor outside the confi nes 
of the prostatic capsule was present. 
When seen, extracapsular extension 
was quantifi ed by measuring (in milli-
meters) the largest radial (linear) diam-
eter of extraprostatic tumor, defi ned as 
the perpendicular distance of tumor be-
yond the expected location of the outer 
capsular margin ( Fig 3  ). 

 The presence or absence of semi-
nal vesicle invasion was noted. Seminal 
vesicle invasion was considered pres-
ent if a low-signal-intensity tumor on 
T2-weighted images   was seen, indicat-
ing enlargement and/or loss of normal 
seminal vesicle architecture, irrespec-
tive of side or number of seminal vesicles 
involved. 

 MR spectroscopic imaging.—  The 
number of sextants demonstrating malig-
nant voxels on MR spectroscopic images 
was counted. Unequivocal malignant 
metabolism was defi ned as elevation of 
the choline peak   and/or reduction of 
the citrate peak, leading to a spectrum 
in which the choline peak is clearly 
greater than the citrate peak. This pat-
tern has been shown to be strongly as-
sociated with malignancy ( 38 ). 

 A third reader (A.C.W., with 6 years 
of experience) independently adjudi-
cated all disagreements, and the adjudi-
cated data were used for the analysis. 

 Diagnosis, Patient Treatment, and 
Outcome 
 One of the authors performed a thor-
ough review of medical charts to deter-
mine the details of patients’ diagnosis, 
treatment, and outcome. The following 
data were extracted: age, pretreatment 
PSA level, clinical stage, Gleason score, 
date of radiation treatment, treatment 
dose, use of hormonal therapy, PSA 
level nadir, date of biochemical failure 

lipid resonance. The infl uence of chemi-
cal shift on the apparent location of 
the selected volume was also reduced 
by the higher spectral bandwidth of the 
spectral-spatial pulses ( 34,35 ). Outer 
voxel saturation pulses were also used 
to further sharpen volume selection 
and conform the selected volume to the 
shape of the prostate to eliminate sus-
ceptibility artifacts from periprostatic 
fat and rectal air ( 36 ). Data sets were 
acquired as 16  3  8  3  8 phase-encoded 
spectral arrays, with the following pa-
rameters: 1000/130 and a 17-minute 
acquisition time. 

 Three-dimensional MR spectroscopic 
imaging data were processed off-line at 
a workstation (UltraSparc; Sun Micro-
systems, Mountain View, Calif) with use 
of software previously developed specifi -
cally for three-dimensional MR spectro-
scopic imaging studies. All spectral data 
were apodized with a 2-Hz Lorentzian 
function and were Fourier transformed 
in the time domain and in three spa-
tial domains with phase, baseline, and 
frequency corrections. Integrated peak 
area values for choline, creatine, and 
citrate and peak area ratios of choline 
to creatine and choline plus creatine to 
citrate were automatically calculated for 
each voxel. MR spectroscopic imaging 
data, including spectra and associated 
metabolic ratios, were overlaid on the 
corresponding transverse T2-weighted 
images. 

 Imaging Interpretation 
 Two radiologists (F.V.C. and V.F.M., 
with 14 and 7 years of experience, re-
spectively) independently reviewed all 
images at a picture archiving and com-
munication system workstation (Impax; 
Agfa, Mortsel, Belgium). The readers 
knew that the patients had biopsy-
proved prostate cancer and subsequently 
were treated with radiation therapy, 
but they were unaware of any other 
clinical and histopathologic fi ndings, in-
cluding patient outcome. 

 Imaging criteria for analysis listed be-
low were selected on the basis of results 
of previous literature that have shown 
that the proposed variables are associ-
ated with tumor volume, tumor extent, 
and treatment failure ( 27,30,37,38 ). 

technique, but with a rigid coil (USA 
Instruments, Aurora, Ohio). MR imag-
ing included acquisition of thin-section 
high-spatial-resolution axial and coro-
nal T2-weighted fast spin-echo images 
of the prostate and seminal vesicles 
with the following parameters: Repeti-
tion time msec/echo time msec (effec-
tive), 4876–6550/90–105; echo train 
length, 16; section thickness, 3 mm; in-
tersection gap, 0 mm; fi eld of view, 14–
17 cm; matrix, 256  3  192; and number 
of signals acquired, three. Anteropos-
terior frequency encoding was used to 
prevent obscuration of the prostate by 
endorectal coil motion artifact. 

 After review of the axial T2-weighted 
images, a volume of prostate tissue was 
selected under the supervision of one of 
the authors (J.K., with 20 years of ex-
perience) to maximize coverage of the 
gland without including the adjacent 
rectum and periprostatic fat. Three-
dimensional spectroscopic data were 
acquired by using a water- and lipid-
suppressed double spin-echo point-
resolved spectroscopic sequence that 
used spectral-spatial pulses for the two 
180° excitation pulses, optimized for 
quantitative detection of choline, cre-
atine, and citrate. The spectral spatial 
pulses allowed for both sharp volume 
selection and frequency selection to 
reduce water resonance and suppress 

 Figure 3 

  
  Figure 3:   Clinical stage T2a, Gleason 4+3 prostate 
cancer and benign prostatic hyperplasia in 65-year-old 
man. Axial T2-weighted MR image (5000/96) shows 
5 mm of extracapsular extension in the right posterior 
part of the midgland.   
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(8.1  m g/L) (IQR, 5.7–14), and a median 
Gleason sum of 7 (IQR, 6–7). The larg-
est percentage of patients was 38.2% 
for those in clinical stage T1c, followed 
by that of 28.9% for those in stage T2a. 
The percentages of patients in stages 
T2b, T2c, T3a, and T3b all were smaller. 

 Patient Treatment and Outcome 
 The median time between  (a)  diagnosis 
and MR imaging and  (b)  MR imaging 
and the beginning of radiation therapy 
was 58 days (IQR, 22–130) and 161 days 
(IQR, 116–213), respectively. All patients 
underwent a full course of defi nitive 
external-beam radiation therapy after 
MR imaging with a median dose of 
74 Gy (IQR, 72–76). Androgen depriva-
tion therapy was administered to 45 of 
90 patients (50%). The median length 
of treatment was 6 months (IQR, 4–15). 
In nine of these patients, imaging was 
performed during treatment. The me-
dian follow-up time was 59.0 months 
(IQR, 30.7–82.1). Forty-nine men (49  %) 
had at least 60 months of follow-up. 
A total of 30 patients (30%) developed 
biochemical failure in our study, and 
16 (16%) developed biochemical failure 
within the fi rst 60 months of follow-
up. The median PSA level nadir was 
0.5 ng/mL (0.5  m g/L) (IQR, 0.16–0.83). 

 MR Imaging 
 The two initial readers agreed on the 
presence or absence of cancer on MR 
images and on MR spectroscopic im-
ages in 69% (68 of 99) and 72% (63 
of 87), respectively, of cases  . In regard 
to the presence or absence of seminal 
vesicle invasion and extracapsular ex-
tension, the agreement was 95% (94 of 
99) and 73% (72 of 98), respectively, of 
cases. In 66 cases, at least one imaging 
variable required adjudication. 

 Following adjudication, tumor was 
identifi ed in 70 of 99 patients on T2-
weighted MR images (71%). In patients 
with visible tumor, the median number 
of positive sextants was two (IQR, 1–3). 
Thirty-fi ve of 99 patients (35%) also 
had fi ndings consistent with extracap-
sular extension, with a mean diameter 
of tumor beyond the capsule of 3.5 mm 
(standard deviation [SD] = 2.8). Ten 
of 99 patients had imaging fi ndings 

( n  = 56). Radiation dose was the vari-
able with most missing values ( n  = 25); 
however, it was also the variable with 
the least variation in the full data set. 
Under the assumption that data were 
missing at random ( 42 ), we used mul-
tiple imputation to address missing val-
ues. We used Imputation by Chained 
Equations in statistical software (Stata; 
StataCorp, College Station, Tex) to 
perform the 20 imputations ( 43 ). Cox 
models were fi t by using the multiply 
imputed module for imputed data sets 
of the software ( 44 ). 

 Statistical calculations were per-
formed by using statistical software 
(Stata, version 11; StataCorp). An 
 a  level of 5% was used for statistical 
signifi cance. 

 We used net risk reclassifi cation 
( 45 ) to assess the added predictive value 
of imaging information beyond the pre-
dictors of the Kattan nomogram. With 
this method, the probabilities of treat-
ment failure derived from the Kattan 
nomogram are compared with those 
obtained after combining them with 
MR imaging fi ndings. More specifi cally, 
it calculates the proportion of men re-
classifi ed correctly (patients who devel-
oped biochemical failure reassigned to 
a higher risk category and patients who 
did not develop biochemical failure re-
assigned to a lower risk category) and 
that of patients reclassifi ed incorrectly 
after the addition of MR imaging. To 
avoid the challenges of predetermining 
a minimum change in risk that would 
be considered a clinically signifi cant dif-
ference, we opted for summarizing the 
net reclassifi cation for several cut points. 
This factor will allow patients and phy-
sicians to opt for different cut points on 
the basis of individual risk-taking toler-
ances and perceptions about the pos-
sible outcomes of various treatments  . 

 Results 

 Study Sample 
  Table 1   presents descriptive statistics 
of the study sample. The median age of 
our sample was 68.0 years (IQR, 59.5–
72.7  ). Patients had a median pretreat-
ment serum PSA level of 8.1 ng/mL 

(if appropriate), PSA level at the time 
of biochemical failure, and date of pa-
tient’s last PSA level.  Biochemical fail-
ure  was defi ned as an increase in serum 
PSA level of 2 ng/mL (2  m g/L) or more 
above the nadir PSA level ( 39,40 ). 

 Statistical Analysis 
 Descriptive statistics of mean and me-
dian (and measures of dispersion) were 
used to summarize the patient cohort 
with respect to clinical, imaging, and 
outcome variables. 

 Cox proportional hazard models 
for multiple predictors were used to 
determine the probabilities of treat-
ment failure (biochemical failure) in 
5 years. The unit of analysis of our study 
was the individual patient. The starting 
point for time to biochemical failure 
was the date treatment ended. For sub-
jects who did not develop biochemical 
failure during the study, we censored 
follow-up time at the date of last serum 
PSA level assessment. First, we fi tted 
a model by using only the Kattan lin-
ear prediction and calculated predicted 
treatment failure probabilities. The lin-
ear predictor is a single weighted value 
that combines the information of all 
predictor variables in a model, where 
the weight of each value is its associa-
tion with the outcome. Next, we built 
a new model in which, in addition to 
the Kattan data, we added MR imag-
ing variables (number of sextants with 
visible tumor on MR images, extracap-
sular extension in millimeters, presence 
or absence of seminal vesicle invasion, 
and number of sextants demonstrating 
malignant voxels on MR spectroscopic 
images) to determine the incremental 
prognostic value of imaging beyond the 
established clinical risk indicators. All 
imaging parameters were determined 
a priori. The models that included im-
aging variables were fi tted by using the 
adjudicated readings. The discrimina-
tion performance of all models was 
determined by using receiver operating 
characteristic (ROC) curve analyses. 
We compared the areas under the ROC 
curve by using the algorithm suggested 
by DeLong et al ( 41 ). 

 Our sample contained complete 
covariate data in 57% of the subjects 
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 Outcome Prediction 
 For the Kattan nomogram, the area 
under the ROC curve was 61.1% (95% 
confi dence interval: 58.1, 64.0) ( Fig 4  ). 
The mean predicted 5-year probabil-
ity of failure for patients who did and 
did not develop biochemical failure was 
21.7% (SD, 4.3%) and 20.2% (SD, 
5.6%), respectively. 

 The Cox proportional hazard model 
that incorporated the Kattan linear pre-
diction and imaging fi ndings (number 
of sextants with visible tumor on MR 
images, extracapsular extension in mil-
limeters, presence or absence of semi-
nal vesicle invasion, number of sextants 
demonstrating malignant voxels on MR 
spectroscopic images) showed that the 
extent of extracapsular extension was 
an independent predictor of biochemi-
cal failure at 5 years. Extracapsular ex-
tension was the only variable to be a sig-
nifi cant predictor of treatment response 
(hazard ratio  , 1.24; 95% confi dence in-
terval: 1.04, 1.49;  P  = .02). 

 For the model that included imaging 
fi ndings, the area under the ROC curve 
was 78.0% (95% confi dence interval: 
75.7, 80.4) ( Fig 4 ). The mean predicted 
5-year probability of failure for patients 
who did and did not develop biochemi-
cal failure was 52.4% (SD, 24.8%) and 
31.7% (SD, 16.4%), respectively. 

 The area under the ROC curve that 
is based on the model that incorporated 
imaging fi ndings, as well as the Kattan 
linear prediction, was signifi cantly greater 
than the area under the ROC curve that 
is based on the model with only the 
Kattan nomogram ( P   ,  .001  ). 

 Net Risk Reclassifi cation 
 Overall, the addition of imaging fi nd-
ings led to a net improvement in risk 
classifi cation (ie, percentage of correct 
reclassifi cations minus percentage of 
incorrect reclassifi cations) of roughly 
28%, ranging from approximately a mini-
mum of 16% to a maximum of 39%, 
depending on the risk change one con-
siders meaningful for decision making. 
 Table 2   summarizes the actual percent-
ages of patients whose risk increased 
and did or did not develop biochemical 
failure; in none of the patients in our 
sample did the predicted risk decrease 

 Table 1 

 Distribution of Age and Variables That Are Inputs to the Kattan Nomogram in the 
Study Population and Imputed Data Set 

Clinical Data

Complete Data Set Imputed Data Set
( n  = 1980)Estimates No. of Patients 

Age * 68.0 (59.5–72.7) 99 68.0
Pretreatment PSA (ng/mL)  †  8.1 (5.7–14) 97 8.1
Clinical stage  ‡  
 T1c 38 29 38.0
 T2a 29 22 28.7
 T2b 8 6 7.6
 T2c 5 4 5.5
 T3a 16 12 16.4
 T3b 4 3 3.8
Gleason sum * 7 (6–7) 99 7
Gleason score  §  
 2 + 3 3 3 . . .
 3 + 2 2 2 . . .
 3 + 3 43 41 . . .
 3 + 4 28 27 . . .
 4 + 3 14 13 . . .
 4 + 4 7 7 . . .
 4 + 5 2 2 . . .
Radiation dose (Gy) * 74 (72–76) 74 74
Androgen deprivation therapy  ‡  51.1 45 51.1

* Data are medians, and numbers in parentheses are interquartile ranges (IQRs), except where otherwise specifi ed  .

 †  Data are medians, and numbers in parentheses are IQRs, except where otherwise specifi ed. To convert PSA levels to Système 
International units in micrograms per liter, multiply by 1.0.

 ‡  Data are percentages, except where otherwise specifi ed.

 §  Data are percentages, except where otherwise specifi ed. Percentages were rounded. Only the Gleason sum was imputed, as 
the Kattan nomogram uses the Gleason sum rather than Gleason scores as an input variable. Gleason scores are provided solely 
to describe the study population.

 Figure 4 

  
  Figure 4:  ROC curves for prediction of biochemical failure by using the Kat-
tan nomogram and the nomogram combined with MR imaging fi ndings of the 
prostate, with reference line.   

consistent with seminal vesicle inva-
sion (10%). Malignant metabolism on 
MR spectroscopic images was detected 

in 55 of 99 patients (56%); the median 
number of positive sextants was two 
(IQR, 2–3). 
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radiation therapy ( 27,28,30,31 ). These 
latter four studies demonstrated that 
MR imaging fi ndings, more specifi cally 
the amount of extracapsular extension, 
the presence of seminal vesicle invasion, 
and the volume of metabolic abnormality 
at MR spectroscopy, are independent 
predictors of treatment failure after ra-
diation therapy. Yet, none could be used 
to quantify the actual benefi t in terms of 
number of patients who gain from this 
prediction. In addition, in these studies, 
multivariate models were fi tted that in-
cluded various clinical, pathologic, and 
imaging data as independent variables, 

higher predicted risk of treatment fail-
ure for men who had a good response 
to therapy may have clinically impor-
tant   implications. These patients may 
be subject to more aggressive or addi-
tional unnecessary therapy and its asso-
ciated morbidities and costs. Similarly, 
MR imaging fi ndings did not improve 
detection of patients in whom therapy 
did not fail, another desired result. 

 Other authors have investigated the 
use of MR imaging to predict response 
to treatment of prostate cancer. Four 
studies focused on radical prostatec-
tomy ( 29,47–49 ) and four focused on 

following the addition of imaging data. 
 Figure 5   shows a comparison of the 
probabilities of treatment failure de-
termined with the use of the Kattan 
nomogram alone and with the use of 
the nomogram with MR imaging data 
added. 

 Discussion 

 MR imaging and MR spectroscopic 
im aging have been used to evaluate 
patients with prostate cancer and for 
treatment planning. Researchers in 
some studies have investigated the use 
of these techniques for prediction of 
patients’ outcome following radiation 
therapy ( 27–29,31,46 ). The results of 
these studies have suggested that im-
aging fi ndings can be used to predict 
treatment response. We added to this 
research by determining the incremen-
tal value of adding   information from 
MR imaging to the Kattan nomogram, 
which is readily available for clinicians. 

 An improvement in our ability to 
predict patients’ outcomes is crucial to 
allow men with prostate cancer to make 
adequate and informed decisions in 
regard to treatment options. For ex-
ample, androgen deprivation therapy is 
often recommended owing to the pos-
sibility of micrometastases at the time 
of local treatment. If the risk of bio-
chemical failure, which can be caused 
by these metastases, is determined to 
be minimal with external-beam radiation 
therapy alone, one may opt to forgo 
hormonal therapy. Alternatively, if the 
risk of failure diminishes by adding 
androgen deprivation therapy to the 
equation, one may opt to use it, despite 
its side effects. 

 In our study sample, the incorpo-
ration of imaging fi ndings to the Kat-
tan nomogram resulted in improved 
prediction of treatment failure, with 
an estimated net benefi t occurring in 
16%–39% of patients. However, the 
addition of MR imaging fi ndings to the 
Kattan nomogram led to an increase 
in the predicted risk of failure for both 
patients who did and did not develop 
biochemical failure. Although improv-
ing the risk assessment of patients who 
indeed fail treatment is desirable, a 

Figure 5

  

  Figure 5:  Net risk reclassifi -
castion of predicted probabilities 
of treatment failure made by 
using the Kattan nomogram and 
the nomogram combined with 
MR imaging fi ndings.  �  = Pa-
tients who developed biochemi-
cal failure,  �  = patients who did 
not develop biochemical failure.   

 Table 2 

 Net Risk Reclassifi cation on Basis of Various Risk Changes (Threshold Levels) One 
May Consider Meaningful for Decision Making 

Threshold Level (%)

Predicted Risk Increased * 

Net Risk Reclassifi cation 
(%)  †  

With Biochemical 
Failure

Without Biochemical 
Failure

10 81 42 39
20 50 23 27
30 44 13 31
40 31 5 26
50 19 2 16

* Data are percentages of patients whose risk increased after addition of MR imaging data, according to outcome  . Percentages 
were rounded.

 †  Net risk reclassifi cation was determined by subtracting the percentage of incorrect reclassifi cations from the percentage of 
correct reclassifi cations. Percentages were rounded.
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conspicuous on images and their   exten-
sion throughout the gland could have 
been underestimated with T2-weighted 
MR imaging and MR spectroscopic 
imaging. If this were the case, our re-
sults would lead to underestimation of 
the incremental benefi t of imaging. 
Third, this was a single-institution study; 
therefore, our results may not be gen-
eralizable, owing to differences in imag-
ing acquisition and expertise in imaging 
interpretation among various institu-
tions. Fourth, the heterogeneity of our 
population and treatment protocols in-
fl uenced our imaging results; however, 
the prediction made by using the nomo-
gram was also affected. Fifth, MR imag-
ing has been shown to be more accu-
rate than digital rectal examination for 
localizing disease within the prostate 
( 24 ), and one could argue that the as-
sessment of clinical stage made by the 
clinician could have been biased on the 
basis of MR results. If this occurred, 
the bias would be in favor of the Kattan 
nomogram. To minimize this problem, 
care was taken to register the descrip-
tion of clinical stage in notes dated 
prior to MR imaging. Finally, our study 
sample was small, and we were not able 
to perform cross-validation (internal vali-
dation using a subset of our own sam-
ple). A larger, preferably prospective, 
study is needed to validate our results 
and develop a new nomogram that in-
corporates imaging fi ndings and that can 
be used in everyday practice. 

 In summary, MR imaging data im-
prove the prediction of biochemical fail-
ure with the Kattan nomogram after 
external-beam radiation therapy for 
prostate cancer; this is mostly related 
to the amount of extracapsular exten-
sion seen on images. Accordingly, the 
net risk improvement was due to better 
prediction of treatment failures rather 
than to identifi cation of patients who 
respond well to treatment. The number 
needed to image to improve the predic-
tion of biochemical failure in one pa-
tient ranges from three to six. 
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demonstrate the importance of this vari-
able. In our sample, prediction of bio-
chemical failure related to imaging fi nd-
ings was mostly driven by the amount 
of extracapsular extension, as it was the 
only independent predictor. 

 In addition, MR imaging may have 
other important roles in treatment 
planning. Davis et al ( 50 ), for instance, 
have shown that the diameter of extra-
capsular extension   infl uences radiation 
treatment planning, because the dose 
decline at the periphery of the fi eld may 
result in incomplete treatment. Neither 
of these was considered in our work, 
and further research is required to con-
fi rm these hypotheses. 

 Some may argue that mortality 
would be a preferable outcome to mea-
sure. However, because of the long time 
required to measure this outcome, we 
opted for using biochemical failure. Bio-
chemical failure is a widely used and 
accepted surrogate ( 40 ), and, although 
it does not always represent local recur-
rence or metastatic disease, Kwan et al 
( 51 ) showed that it was associated with 
worse survival, particularly in younger 
patients with high-risk disease. 

 While some may consider missing 
data a weakness of the study, we used 
well-known validated techniques to deal 
with the problem. It is important to 
note that following imputation, the 
measurements of central tendency and 
dispersion did not change signifi cantly 
( Table 1 ); that is, the complete and im-
puted data sets look alike and the use 
of imputation mostly increased statisti-
cal power. 

 Our study had limitations. First, 
because of its retrospective nature, the 
time among diagnosis, imaging acqui-
sition, and start of external-beam ra-
diation therapy   was not predetermined. 
Because of the variation, it is conceiv-
able that some of the prostate cancers 
may have grown during these inter-
vals. If this happened, in our study we 
could have overestimated the value of 
pretreatment MR imaging. Second, 
sim ilarly, in nine of 45 patients who 
were treated with androgen depriva-
tion therapy, MR images were obtained 
during hormonal treatment. It is pos-
sible that some of the tumors were less 

effectively laying the ground for the cre-
ation of new prediction tools. The Kat-
tan nomogram, however, is well known 
and widely used in the community. By 
choosing to fi t models on the basis of 
the linear predictions of the original 
nomogram, we were able to determine 
the potential value of adding MR imag-
ing fi ndings to a validated instrument. 

 Three of the studies in which re-
searchers investigated the use of im-
aging in the population of men treated 
with radical prostatectomy also found 
that MR imaging fi ndings improved pre-
diction of treatment failure, particularly 
for patients with intermediate risk of 
recurrence that is based on clinical vari-
ables and in whom extracapsular exten-
sion and/or seminal vesicle invasion is 
identifi ed ( 29,48,49 ). In the study by 
Fuchsjager et al ( 47 ), however, the in-
vestigators found that MR imaging fi nd-
ings did not provide added prognostic 
value to standard clinical nomograms. 

 Intriguingly, the performance of the 
Kattan nomogram in our sample was 
worse than expected. In the study pub-
lished by Zelefsky et al ( 6 ), the C-index 
for the nomogram was 0.72, while in 
our study the area under the ROC curve 
was only 61%. The reason for this is 
unclear, but one possible explanation 
is that our population is different, per-
haps representing a narrower range of 
the spectrum of disease aggressiveness 
when compared with the populations in 
which the nomogram was developed and 
validated. Yet, this would probably not 
have a substantial effect on the relative 
value of adding MR imaging fi ndings to 
the nomogram (ie, the magnitude of the 
difference between ROC curves would 
probably not change substantially, as 
both models included the predictions 
made with the Kattan nomogram  ). 

 In concordance with data in prior 
studies ( 27,29,31 ), we found that ext-
racapsular extension was an indepen-
dent predictor of treatment failure, but 
seminal vesicle invasion was not pre-
dictive of treatment response ( 28–30 ). 
This was a surprising fi nding, as semi-
nal vesicle invasion is widely believed to 
be associated with larger tumors with 
a poorer prognosis; our study is small 
and may have been underpowered to 
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