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Purpose: To identify factors predictive of local recur-
rence as defined by a complete response to salvage
radiation therapy in patients whose disease recurs af-
ter radical prostatectomy.

Patients and Methods: Ninety-five patients with re-
currence after radical prostatectomy who were evalu-
ated by prostatic fossa biopsies, and a subset of 49 of
these patients treated with radiation for control of
presumed or biopsy-proven local recurrence, were
studied.

Results: Biopsies were positive in 40 (42%) of the 95
biopsied patients. Multivariate analysis revealed that
prebiopsy prostate-specific antigen (PSA) level, postre-
currence PSA doubling time, and positive digital rectal
examination (DRE) of the prostatic fossa were all statis-
tically significant predictors of a positive biopsy. For the
49 patients subsequently treated with salvage radia-
tion therapy, the overall actuarial 3- and 5-year PSA
relapse-free probabilities were 43% and 24%, respec-

tively. Univariate analysis showed no differences in the
PSA relapse-free probabilities associated with any
pathologic features of the radical prostatectomy speci-
men, biopsy confirmation of local recurrence, or DRE of
the prostatic fossa. In multivariate analysis, controlling
for all other variables, preradiation PSA and postrecur-
rence PSA doubling time measured before radiation
were the only statistically significant predictors of
outcome.

Conclusion: DRE of the prostatic fossa, prebiopsy
PSA, and postrecurrence PSA doubling time predict
which patients will have biopsy-proven local recur-
rence. However, response to salvage radiation therapy
is associated with postrecurrence PSA doubling time
and with preradiation PSA level only. DRE of the pros-
tatic fossa and biopsy confirmation of local recurrence
are not associated with salvage radiation outcome.
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P TO ONE THIRD of patients with clinically localized when the tumor burden is small. Clinical parameters such as
prostate cancer have recurrence of the disease afteligital rectal examination (DRE), prostatic fossa biopsies,

radical prostatectom¥y® as evidenced by postoperative time interval from radical prostatectomy to PSA recurrence,
elevation of serum prostate-specific antigen (PSA). Al-PSA doubling time, and pathologic features of the prosta-
though a detectable and increasing postoperative serumectomy specimen, such as Gleason score, presence of
PSA level is a sign of prostate cancer recurrence, it does nateminal vesicle involvement, and status of surgical margins
indicate whether the recurrence is local, systemic, or bothand lymph node&®® have been suggested as guides to
Current imaging technologies, including transrectal ultra-identify patients who were likely to have locally recurrent
sound of the prostatic fosé& computerized tomograpty, prostate cancer and who consequently would be better
magnetic resonance imagifgositron emission tomogra- candidates for salvage local therapy.
phy 2 and monoclonal antibody scannifgtill lag in their Despite the prognostic value of many of these parameters,
ability to detect locally recurrent prostate cancer, especiallyin retrospect, a complete and durable response to salvage
radiation therapy may be the best indication of isolated
locally recurrent disease. In unselected cases, the response
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The purpose of this study was to identify clinical and usually included two cores from either side of the anastomosis (one
pathologic parameters predictive of biopsy-proven localtoward the bladder neck and one toward the external urethral sphinc-

. . . er), or, rarely, one core from each side lateral to the urethrovesical
recurrence in a group of patients with prostate Cance}anastomosis. Patients with abnormalities palpable on DRE and no

recurrence after_ radical prostatectomy, and more iMpPOreyigent abnormality on TRUS underwent digitally guided biopsies and
tantly, to determine whether any of these parameters wergdditional systematic biopsies as described above. Patients with palpa-

also predictive of salvage radiation therapy outcome. ble and visible abnormalities had TRUS-directed biopsies of the
abnormal area, with additional directed biopsies if the visible or

PATIENTS AND METHODS palpable abnormality was beyond the range of the systematic biopsies.

Thirty-seven patients (76%) had a single biopsy, 11 patients (22%) had

Patient Population and Characteristics a second biopsy, and one patient (2%) had a third biopsy. Pathologic

confirmation of locally recurrent prostate cancer by the prostatic fossa

Between April 1985 and January 1999, a total of 95 patients who hacbhiopsies was demonstrated in 32 patients (65%), and only two patients
undergone radical prostatectomy were evaluated in our department biyad an abnormal DRE with negative prostatic fossa biopsies. One
transrectal ultrasound (TRUS) and prostatic fossa biopsies for suspectgshtient, after negative TRUS-guided biopsies, underwent open exci-
locally recurrent prostate cancer at the prostatic fossa. None of the 98jonal biopsy that was found to be positive.
patients had clinical evidence of metastatic disease. Forty of these patients
were found to harbor biopsy-proven local recurrence, whereas the remairSalvage Radiation Therapy Technique and Follow-Up
der had isolated PSA recurrence with no pathologic evidence of local ) ) . ) )
recurrence and no clinical or radiographic evidence of metastatic disease. 11My-Six (74%) of the patients were treated with external-beam
Of the 95 patients, 50 were treated with salvage radiation therapy, 28 werdiation therapy at the Methodist Hospital (Houston, TX), and the
treated with hormonal therapy, 12 were enrolled onto watchful waitingrema'”der were treated at other institutions. Radiation therapy was limited
protocols or investigational clinical trials, and five patients were lost to ©© he prostatic fossa in 46 patients (94%), and three patients received
follow-up. Of the 50 patients who received salvage radiation therapy Oné;)elwc radiation with an additional boost to the prostatic fossa. Radiation
was excluded because adjuvant investigational treatment was given befof@S delivered with 10 to 23 MV photons, and the four-fields technique
initiation of salvage radiation therapy, leaving 49 subjects who comprised@nteroposterior/posteroanterior and opposing laterals) with customized
the patient population of this retrospective study. Mean patient age was 67€!d sizes was used. Total radiation therapy dose ranged from 60 to 75.5
years (median, 67; range, 53 to 83) for the 95 biopsied patients and 66.7Y (median, 66 Gy), delivered in daily fractions of 1.8 to 2.0 Gy. After
years (median, 67; range, 53 to 79) for the 49 patients treated with saIvag{Fé‘d'at'O”' the patients were rqonltored by physical examination and serum
radiation therapy. None of the patients received neoadjuvant treatmerito/t measurements approximately every 3 to 6 months. Serum PSA
before radical prostatectomy or adjuvant treatment before definitiveMe@surements of patients who received radiation treatment in other
recurrence or salvage radiation therapy. institutions were available through regular follow-up reports.

Radical prostatectomy specimens were processed by whole-mount A'complete response to salvage radiation therapy was defined as the
sectioning as previously describ¥iSerum PSA levels were measured 2chiévement and maintenance of an undetectable serum PSA level.
by the Hybritech Tandem-R assay (Hybritech, Inc, San Diego, CA) Radiation therapy was considered to have failed in a patient if the
and a serum PSA value 0.4 ng/mL and increasing was considered as postradiation serum PSA levels did not decrease to and remain at an
a detectable, sustained PSA elevation. DRE was considered abnormdftdetectable level. The recommendations of the consensus panel of the
if any mass, nodule, induration, or irregularity was noted at theAMerican Society for Therapeutic Radiology and Oncology were
prostatic fossa. Al patients had an elevated PSA level except one whiPllowed for the definition of time of radiation failuf€. The median
had a PSA level of 0.2 ng/mL with an abnormal DRE. The date of thefollow-up of patients who had a favorable response to radiation was
first serum PSA elevatiors 0.4 ng/mL was counted as the date of 29-2 months (mean, 28.6 months; range, 7.2 to 61.9 months). The
postoperative biochemical recurrence, and the corresponding tim&edian follow-up time for patients in whom salvage radiation therapy
interval between radical prostatectomy and first postoperative serurflled was 10.5 months (mean, 16.5 months; range, 2.8 to 59.5 months).
PSA elevation was noted for each patient. Postrecurrence serum PSA. .. . | id .
doubling time was calculated for each patient using the formula: Statistical Considerations

Preoperative, prebiopsy, preradiation serum PSA values, time inter-
val from radical prostatectomy to postoperative PSA recurrence, and
where DT is the serum PSA doubling time, T is the time interval postrecurrence serum PSA doubling time were considered as continu-
between the initial and final PSA level. final ’PSA is the preradiation ous variables in all analyses. Differences in continuous variables were
PSA level, and initial PSA is the PSA level noted at the time of the 1€Sted by the Mann-Whitney test. The Pearsgntest was used to

postoperative biochemical recurrence. The natural logarithm was usefiompare differences between the results of the prostatic fossa biopsies
in all logarithmic transformation’? relative to the results of the DRE of the prostatic fossa, as well as

relative to the pathologic features of the radical prostatectomy speci-

Recurrence Site Evaluation men. Logistic regression analysis was used to identify clinical and

pathologic features for the prediction of biopsy-proven local recur-

Bone scan was negative for metastatic disease in all patients. The 9&®nce, with 95% confidence intervals (Cls) for the odds ratio. Serum
patients underwent a total of 118 TRUS procedures, and biopsies werBSA relapse after salvage radiation therapy was considered as the end

performed in all 95 patients. A total of 431 biopsy cores were obtained,point of the study. Patients with an undetectable PSA after radiation

several from each patient (median, four; range, two to eight). Patientsherapy were censored at the time of last follow-up. Estimates of the

with no visible abnormalities on the TRUS and no palpable abnormal-probability of no PSA relapse after salvage radiation therapy were

ities on DRE underwent systematic biopsies of the prostatic fossa thatalculated using the Kaplan-Meier method. Stratification of the survival

DT = log(2) x T/(log[ final PSA — log[initial PSA]),
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Table 1. Demographic, Preoperative, and Postoperative Clinical Data of 95 Patients With Recurrence After Radical Prostatectomy Evaluated by Prostatic
Fossa Biopsies, With a Subset of 49 Patients Treated With Salvage Radiation Therapy

Salvage Radiation Patients
Postprostatectomy Patients With Recurrence Patients (n = 95) (n = 49)

Prostatic Fossa Biopsy

No. No. No. of
Positive % Negative % P Patients %

Clinical stage*

Tla- 1 52 10 48 11 28

T2a-b 20 33 40 67 27 69

T3a 2 67 1 33 323 1 3
Gleason scoret

3-4 5 56 4 44 5 12

5-6 17 44 22 56 21 49

7 9 30 21 70 14 32

8-10 5 45 6 55 .541 3 7
DRE of prostatic fossa

Positive 17 77 5 23

Negative 23 32 50 68 < .0005

*Clinical stage was not available in 11 of the 95 patients with prostate cancer recurrence nor in 10 of the 49 patients treated with salvage radiation therapy.
tPreoperative biopsy Gleason score was not available in six of the 95 patients with prostate cancer recurrence nor in six of the 49 patients treated with salvage
radiation therapy.

function with regard to continuous variables was performed using the49 patients treated with salvage radiation therapy, 32 (65%)
median value as cutoff level. Differences in the survival curves,hoq g positive prostatic fossa biopsy. Tables 1 and 2 show

stratified by pathologic and clinical features, were tested by thethe atient demoaraphics. preradical prostatectomy param-
log-rank test. Univariate and multivariate Cox proportional hazards P grap P P yPp

regression analyses, with 95% Cls for the hazards ratio, were used t8t€rs, and postoperative clinical and pathologic parameters
evaluate the significance of pathologic and clinical parameters adn relation to the results of prostatic fossa biopsies for the 95
predictors of outcome after salvage radiation therapy. Preradiatiopatients with recurrence after radical prostatectomy, as well

serum PSA level, postrecurrence serum PSA doubling time, and t""?s for the 49 patients treated with salvage radiation therapy.
interval from radical prostatectomy to PSA recurrence had a skewe

distribution and therefore were modeled with a log transformation. Patiénts who had biopsy-proven local recurrence had a
Differences in the coefficients of the variables in the multivariate Cox higher prebiopsy PSA level than those with negative biopsy
regression analysis model were tested by Wald statistics. Spearmaresults (median, 2.3 ng/m1.3 ng/mL,P = .038). Patients
rank correlation vx_las u_sed to determiqe _the relation between postrecu(yith negative prostatic fossa biopsies had a median postre-
rence PSA doubling time and preradiation PSA level. . . .
currence PSA doubling time approximately one half that of
RESULTS patients with biopsy-proven local recurrence (median, 6.4
monthsv 12.2 months,P = .008). Patients who had a
palpable abnormality in the prostatic fossa had a higher
Of the 95 patients with recurrence after radical prostateciikelihood of a positive biopsy than patients with a normal
tomy, 40 (42%) had a positive prostatic fossa biopsy. Of theDRE (77%vVv 32%, P < .0005).

Clinical and Pathologic Characteristics

Table 2. Demographic, Preoperative, and Postoperative Clinical Data

Postprostatectomy Patients With Recurrence (n = 95) Salvage Radiation Patients (n = 49)

Prostatic Fossa Biopsy

Positive Negative .
Interquartile

Median Range Median Range P Median Range
Age, years 68 54-76 66 55-81 485 67 53-77
Preoperative PSA, ng/mL* 8.1 3.9-63.5 9.7 2.7-42 .506 10.8 1.8-63.5
Time to PSA elevation, months 17.9 1.2-58.7 19.2 0.9-73.4 .706 19.2 0.9-53.4
Prebiopsy PSA, ng/mL 2.3 0.5-11.9 1.3 0.3-10.3 .038 —
Preradiation PSA, ng/mL — — — 2.1 0.4-11.9
Postrecurrence PSA doubling time, months 12.2 1.5-92.9 6.4 -9.3-36.8 .008 11.8 —2.0-93.6

*Preoperative PSA values were not available in seven of the 95 patients with prostate cancer recurrence nor in 3 of the 49 patients treated with salvage radiation
therqpy.
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Table 3. Pathologic Features of 95 Patients With Recurrence After Radical Prostatectomy Evaluated by Prostatic Fossa Biopsies, With a Subset of 49
Patients Treated With Salvage Radiation Therapy

Salvage Radiation Patients
Postprostatectomy Recurrent Patients (n = 95) (n = 49)

Prostatic Fossa Biopsy

No. No. No. of
Positive % Negative % P Patients %

Pathologic stage

pT2a-b 6 25 18 75 12 24

pT3a 23 49 24 51 24 48

pT3b 11 46 13 54 .050 13 27
RRP Gleason score*

5-6 12 57 9 43 18 37

7 19 36 34 64 21 43

8-10 8 38 13 62 .508 10 20
Surgical margin status

Positive 19 44 24 56 22 45

Negative 21 40 31 60 .709 27 55

*Abbreviation: RRP, radical retropubic prostatectomy specimen Gleason score.

Table 3 shows pathologic features of the radical prostafossa, prebiopsy PSA level, and postrecurrence PSA dou-
tectomy specimen in relation to the results of prostatic fossdling time were all significant predictors of biopsy-proven
biopsies for the 95 patients with recurrence after radicalocal recurrence. In a multivariate model that included all
prostatectomy, as well as for the subset of 49 patientyvariables, only DRE of the prostatic fossa, prebiopsy PSA
treated with salvage radiation therapy. Patients with pT3evel, and postrecurrence PSA doubling time were associ-
disease had a higher likelihood of a positive prostatic fossated with positive prostatic fossa biopsy. The overall model
biopsy than patients with pT2 (48% 25%, P = .050).  was statistically significantR = .0006), and a goodness-
Thirty-four (49%) of the patients with extraprostatic exten- of-fit test demonstrated a reasonably good Fit= .138).
sion had biopsy-proven local recurrence, whereas 19 (76%]Jhe area under the receiver-operating characteristics curve
of the patients without extraprostatic extension had a negplotted for this model was calculated at 80%.
ative biopsy P = .033). o
Salvage Radiation Outcome

Overall, 25 (51%) of the 49 patients who underwent

Table 4 lists the variables evaluated in the logistic salvage radiation therapy had a favorable response and
regression analysis for the prediction of biopsy-proven locaimaintained an undetectable postradiation serum PSA level
recurrence. In univariate analysis, surgical margins, semindor a median follow-up of 29.2 months. The overall actuar-
vesicle involvement, Gleason score, and time from radicalal 3- and 5-year serum PSA relapse-free survival rates were
prostatectomy to first PSA elevation did not prove to beestimated at 43% (95% CI, 25% to 59%) and 24% (95% ClI,
significant predictors of a positive prostatic fossa biopsy.6% to 48%), respectively (Fig 1). Table 5 presents the
However, extraprostatic extension, DRE of the prostaticdifferences in the PSA relapse-free probabilities stratified

Prediction of Biopsy-Proven Local Recurrence

Table 4. Univariate and Multivariate Logistic Regression Analyses of Clinical and Pathologic Features for the Prediction of Biopsy-Proven Local Recurrence

Univariate Multivariate
Variable Odds Ratio P 95% Cl Odds Ratio P 95% Cl
Extraprostatic extension 2.99 .037 1.07-8.38 4.03 .059 0.95-17.17
Seminal vesicle involvement 1.27 617 0.50-3.23 0.88 .840 0.24-3.02
Surgical margins status 1.17 .709 0.52-2.65 0.69 .488 0.21-2.09
RRP Gleason score 0.85 482 0.53-1.35 0.78 485 0.38-1.57
Time to PSA elevation 0.99 464 0.97-1.01 0.99 374 0.96-1.02
DRE of prostatic fossa 7.39 < .0005 2.43-22.49 4.74 .031 1.15-19.47
Prebiopsy PSA* 1.54 .041 1.02-2.33 2.20 .026 1.10-4.38
Postrecurrence PSA doubling time 1.04 .028 1.01-1.07 1.08 013 1.02-1.14

*PSA values were logarithmically transformed.
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Fig 1. PSA relapse-free probability after salvage radiation therapy in
patients with prostate cancer recurrence after radical prostatectomy.

by pathologic features of the radical prostatectomy speci
men and clinical parameters determined at the time o
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tectomy specimen. Furthermore, neither biopsy confirma-
tion of local recurrence nor results of the DRE of the
prostatic fossa were associated with the outcome of salvage
radiation therapy. However, when the overall median prera-
diation PSA level of 2.1 ng/mL was used as a cutoff value,
the actuarial 5-year PSA relapse-free probability for patients
with a preradiation serum PSA level 2.1 ng/mL was 62%
(95% CI, 30% to 83%), whereas the corresponding proba-
bility of patients with a preradiation PSA leval 2.1 ng/mL

was only 10% (95% ClI, 1% to 33%)pP(= 0.001) (Fig 2).
Similarly, the actuarial 5-year PSA relapse-free survival rate
for patients who had a postrecurrence serum PSA doubling
time = the overall median value of 11.8 months was 27%
(95% ClI, 2% to 66%), whereas the corresponding rate of
patients with a doubling time less than 11.8 months was
16% (95% CI, 2% to 45%)R = .036) (Fig 3).

Prediction of Response to Salvage Radiation

recurrence. There were no significant differences in the Univariate and multivariate Cox proportional hazards
PSA-relapse-free survival probabilities associated with anyregression analyses were used for identification of outcome
of the examined pathologic features of the radical prostapredictors after salvage radiation in these 49 patients (Table

Table 5. PSA Relapse-Free Probability After Salvage Radiation Therapy Stratified by Pathologic and Clinical Features

PSA-Relapse-Free Probability

No. of
Patients 3-Year 95% Cl 5-Year 95% Cl P
Extraprostatic extension status
Positive 37 39 20-58 29 10-52 .450
Negative 12 55 16-82 — —
Seminal vesicle involvement status
Positive 13 29 2-68 29 2-68 877
Negative 36 47 27-65 19 2-51
Surgical margins status
Positive 22 48 22-70 48 22-70 163
Negative 27 38 15-61 — —
RRP Gleason score
<7 18 38 11-66 — — 746
=7 31 43 22-63 32 11-56
DRE of the prostatic fossa
Positive 15 36 11-63 18 2-51 662
Negative 34 46 24-66 23 2-58
Prostatic fossa biopsy status
Positive 32 49 28-67 27 7-54 161
Negative 17 24 2-60 — —
Time to PSA elevation*
< 19.2 months 25 28 8-52 19 3-43 .247
= 19.2 months 24 61 35-79 31 2-70
Preradiation PSA value*
< 2.1 ng/mL 24 62 30-83 62 30-83 .01
= 2.1 ng/mL 25 26 9-47 10 1-33
Postrecurrence PSA doubling time*
< 11.8 months 23t 32 13-53 16 2-45 .036
= 11.8 months 23t 54 19-79 27 2-66

*Median value was used as a cutoff level.

tThree patients had identical initial and final PSA values and therefore PSA doubling time could not be determined.
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diation serum PSA level and postrecurrence serum PSA
[ doubling time retained their statistical significand® €
H ; N .025, 95% CI, 1.16 to 8.90 arfd = .020, 95% ClI, 0.11 to
’ . ¢ \ 0.83, respectively) and proved to be independent predictors

2 of outcome of salvage radiation therapy.

100
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=) DISCUSSION

PSA 2 2.1 ng/mL . . . . .
oz I Patients with biochemical recurrence after radical pros-
- 1

PSA <21 >24 ] tatectomy have a widely variable prognosis. Although some
e et Log rank test = 01 patients may remain free of clinically evident metastatic
) S i . - T - disease for a long period of time, 37% of them will develop
Months clinical evidence of metastatic disease, and 57% of the
patients who ultimately develop metastatic disease die of
Fig 2. PSA relapse-free probability after salvage radiation therapy in o446 cancer within 5 yea#sIn principle, local control
patients with prostate cancer recurrence after radical prostatectomy, strati- ’ .
fied by the median preradiation serum PSA level. of cancer should result in a decreased rate of metastatic
disease and in improved survival. Several investigators have
shown that locally recurrent prostate cancer may be associ-
6). Predictor variables included in the model were patho-4iaq with a significant risk of disease progres&dit and
logic features, such as extraprostatic extension, seming|y e suggested a cause-effect relationship between local
vesicle involvement, surgical margins status, Gleason SCO§ecyurrence and metastatic dise&&26Therefore, locally
and status of the prostatic fossa biopsies. Clinical parameggjivered salvage radiation therapy has the potential to
ters, such as time interval from radical prostatectomy tOyejay or eliminate progression in these patients. Although
biochemical recurrence, preradiation serum PSA level, ang,o reported response rate after salvage radiation therapy in
postrecurrence serum PSA doubling time, were also inynselected patients has been disappoiritf?d,higher re
cluded. In univariate analysis, all examined pathologicSponse rates have been reported in selected patients who
variables, as well as pathologic confirmation of local recur-qre treated when the PSA level was f§%° and in those
rence, failed to demonstrate predictive significance Rall \yho had pathologically confirmed local recurrefed®
values> .05). However, preradiation serum PSAlev8K  ajthough consensus continues to grow with regard to the
.004, 95% Cl, 1.28 to 3.64) and postrecurrence serum PS#y|q of 4 lower preradiation PSA in the prediction of a more
doubling time P = .001, 95% CI, 0.19 to 0.65) were fayqraple outcome after salvage radiation therapy, contro-
significant predictors of outcome after salvage radiationyersy remains as to the role of other potential predictors of
therapy. In a multivariate analysis model that included a”outcome, such as preoperative parameters, pathologic fea-
the above mentioned variables, none of the pathologiGes of the radical prostatectomy specimen, biopsy confir-
parameters provided prognostic significance. However, afiation of local recurrence before initiation of salvage
ter controlling for all other variables, we found that prera- . qiation therapy, and PSA doubling time. Several studies
have attempted to identify parameters that could predict
outcome after salvage radiation therapy.
i Cadeddu et af recently suggested that patients with
LI - isolated PSA elevation after radical prostatectomy have a
response to salvage radiation therapy similar to that of
patients with local recurrence diagnosed by DRE or pros-
tatic fossa biopsies. They concluded that there is no advan-
tage to radiation when a patient has an isolated PSA

PSA Relapse-Free Probability

1.00 |

0.50 |

3 PSADT < 11.8 mo.

PSA Relapse-Free Probability

025 ‘ : elevation before documentation of local recurrence. How-
PSADT 2118 <118 ! 1 ever, the long-term response rate in both groups was low,

Sy mh 1k Log ank fest: = 038 ranging from 8% to 26%. In that study, patients who were

e - - - A o treated for isolated PSA elevation had a mean PSA level of
Months 2.2 ng/mL. Preradiation serum PSA level has been shown to

. . o . be an important outcome predictor of salvage radiation
Fig 3. PSA relapse-free probability after salvage radiation therapy in h S i . h f dth diati
patients with prostate cancer recurrence after radical prostatectomy, strati- therapy. Several investigators have found that a preradiation

fied by the median postrecurrence serum PSA doubling fime. serum PSA level at a cutoff value of approximately 1.0
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Table 6. Univariate and Multivariate Cox Proportional Hazards Regression Analyses for the Prediction of Salvage Radiation Therapy Outcome

Univariate Multivariate
Variable Hazards Ratio P 95% Cl Hazards Ratio P 95% Cl
Extraprostatic extension 1.46 452 0.54-3.92 0.53 478 0.10-3.02
Seminal vesicle involvement 1.08 .877 0.42-2.75 1.71 419 0.47-6.25
Surgical margins status 0.56 169 0.24-1.28 0.89 .877 0.20-3.90
RRP Gleason score 1.01 964 0.64-1.60 0.76 .396 0.41-1.43
Prostatic fossa biopsy status 0.53 167 0.22-1.30 0.30 .077 0.08-1.14
DRE of prostatic fossa 1.20 663 0.53-2.75 2.07 .233 0.63-6.80
Time to PSA elevation* 0.90 .530 0.64-1.26 0.71 .300 0.37-1.36
Preradiation PSA* 2.16 .004 1.28-3.64 3.22 .025 1.16-8.93
PSA doubling time* 0.35 .001 0.19-0.65 0.30 .020 0.11-0.83

*Continuous variables have been logarithmically transformed.

ng/mL predicts a favorable response to salvage radiatiosalvage radiation therapy. Whether examination of addi-
therapy?®* whereas others have suggested that cutoftional, detailed pathologic features of the radical prostatec-
value to be higher, from 2.0 ng/m#**to 2.7 ng/mL>> or  tomy specimen, such as the presence of perineural inva-
as high as 4.0 ng/mt2 In our study the median PSA level sion2” intraprostatic vascular invasidfi, intraductal
of patients with an undetectable PSA after salvage radiatiomarcinoma:® or the expression of newer predictive molec
therapy was 1.7 ng/mL (mean, 1.6 ng/mL), and the 5-yeaular markers$® would provide additional information for the
PSA relapse-free probability of patients with a preradiationprediction of response to salvage radiation therapy remains
PSA level less than 2.1 ng/mL was 62%. Our results, similato be determined by future studies.
to the results of previous studies, also demonstrated that a The significance of pathologic confirmation of local
low preradiation PSA level is associated with a higherrecurrence before initiation of salvage radiation therapy
probability that the patient will maintain a favorable re- remains unresolved. Lange et“ahave reported a higher
sponse, regardless of the actual cutoff level, which isincidence of undetectable PSA levels in patients with
directly dependent on the patient population. biopsy-proven local recurrence after salvage radiation ther-
In previous studies, clinical staffeand preoperative apy than in patients with negative biopsies. In contrast,
serum PSA levéP had both been shown to be predictive other studies have examined the role of pathologic confir-
factors in univariate analysis, but in multivariate analysis,mation of locally recurrent prostate cancer in the outcome of
preoperative PSA did not retain its statistical significance.salvage radiation therapy, and have failed to demonstrate
Pathologic features of the radical prostatectomy specimeany significancé:*? However, the results of some of these
have also been evaluated as potential predictors of outcomstudies were biased by the fact that as few as *fatbas
of salvage radiation therapy, but the results were conflictingmany as 61% of the patients treated with salvage radiation
Pathologic stage has been reported as a significant predicttinerapy did not actually undergo prostatic fossa biopsies, or
of outcomet®?® whereas seminal vesicle involvement has by the fact that a significant portion of the patients with
been suggested to adversely affect the response to salvalgeal recurrence were diagnosed by DRE or by imaging
radiation® Cadeddu et af found that no patient with modalities only?®
seminal vesicle involvement, Gleason score greater than 8, Our study was limited to patients who were evaluated by
or lymph node metastases had an undetectable serum P$#ostatic fossa biopsies before initiation of salvage radiation
level after salvage radiation therapy, whereas Rogerst al therapy. Furthermore, to minimize the false-negative rate
reported that a Gleason score greater than 7 identifiedue to sampling deficiency, several cores (mean, 3.8; range,
patients more likely to fail salvage radiation therapy. How- two to eight) were obtained from each patient. Nevertheless,
ever, other studies have failed to confirm any prognostian univariate and multivariate analyses, biopsy confirmation
significance for pathologic features of the radical prostatecof local recurrence was not a significant predictor of
tomy specimenr/2°3435Dg et af° reported that, in both outcome. Certainly, some of our patients who had negative
univariate and multivariate analyses, the only pathologicprostatic fossa biopsies also had local recurrence that
feature that predicted salvage radiation outcome was theemained undetected by biopsies because of low local tumor
presence of perineural invasion in the radical prostatectomypurden. Patients who harbor biopsy-detectable locally re-
specimen. In our study, we found no association betweemurrent prostate cancer may have a larger local tumor that is
any of the examined pathologic features and the response tmeyond the therapeutic potential of salvage radiatfdnis
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an accepted principle of radiation oncology that an increasa PSA doubling time at a cutoff level of 10 months can help
ing tumor burden negatively impacts disease control bypredict the likelihood of development of metastatic disease.
radiation therapy? In our study, preradiation serum PSA level and postre-
Time interval from radical prostatectomy to biochemical currence serum PSA doubling time were inversely related
recurrence has been used in efforts to differentiate loca(Spearman’s rho-0.32; P = .032), and both parameters
recurrence from metastatic diseadeas well as to predict independently predicted outcome. Patients who had a rapid
metastasis-free survival after biochemical recurréféaur- ~ serum PSA doubling time<( the median of 11.8 months)
thermore, an increased likelihood of response to salvag@nd a high preradiation PSA=(the median of 2.1 ng/mL)
radiation therapy has been associated with an increased tinfi#d a 3-year PSA-relapse-free probability of only 8%.
interval from radical prostatectomy to PSA recurrefite. However, in patients with a rapid PSA doubling time but a
Within the follow-up period of our study, patients whose low preradiation PSA < 2.1 ng/mL), the corresponding
salvage radiation therapy failed had a shorter median tim@robability was 75%R = .002). These results indicate that
interval from radical prostatectomy to biochemical recur-S@lvage radiation therapy might not be appropriate for
rence than did patients who had a favorable outcome aftep@tients with a rapid PSA doubling time and a high serum
salvage radiation therapy (15.8 monthis27.2 months, PSA level after radical prostatectomy. _How_ever, although_a
respectively). However, in multivariate analysis, time inter- "aPid postrecurrence PSA doubling time is associated in
val from radical prostatectomy to biochemical recurrenced€neral with a poorer response to salvage radiation therapy,

had no prognostic significance. These results are consisteﬂf least a portion of the patients with rapid PSA dOU'F’"r?g
with the results of other studié&:2° time may be expected to respond to salvage radiation

We also examined postrecurrence serum PSA doublinéherapy’ if treatment is initiated early enough, when the PSA

time as a variable in all analyses in our study. Previously,evel is relatively low.

both Wu et at* and Forman et &f failed to demonstrate any We studied predictors of efficacy in patients with bio-
- . L chemical recurrence after radical prostatectomy. The role of
significant value of PSA doubling time for the prediction of

the results of salvage radiation therapy. In contrast, WeadJuvant radiation therapy after radical prostatectomy, in

found that postrecurrence serum PSA doubling time is arPatlents selected on the basis of adverse pathologic features

. . . . ... such as positive surgical margins or extraprostatic exten-
important feature in patients treated with salvage radiation . P 9 9 P

. . sion, remains unresolved. Several studies have demon-
therapy. Patients who maintained an undetectable seru

L ) frgtrated an increased rate of control of local recurrence in
PSA level after salvage radiation therapy for the duration o

the foll iod had dian PSA doubling time th tpatients who receive adjuvant radiation therapy; however,
€ foflow-Up period had a median oubling fime tha improvement in the survival rate of these patients has not

was almost twice the PSA doubling time of patients who been demonstratéd:52 Furthermore, depending on the

relapsed (18'1, months9.0 months, respectlvely).. . _selection criteria for the administration of adjuvant radiation
Recent studies suggest that serum PSA doubling time i§,o 50y 4 significant proportion of these patients, in the

an important clinical feature of prostate cancer in otherralnge of 30% to 70%, may be exposed unnecessarily to the
. . . 9 . . . 1

clinical settings.” PSA doubling time has been used in potential complications and cost of this treatment, because

monitoring disease progression in untreated prostate CanCefey may never experience recurrence after radical prosta-
patientsi**®as well as in the prediction of clinical relapse tectomy359.55540r study suggests that the use of radia

and type of recurrence after exfegrnal radiation therapy fOkjon therapy to treat recurrence in patients with longer PSA
the treatment of prostate can¢8:® After surgery, within doubling time and low PSA, rather than the use of it in an

the clinical scenario of a biochemical recurrence, serunpgjyvant setting, still leads to a high response rate.
PSA doubling time has been shown to correlate with the site Qur results are somewhat limited by the retrospective

of the recurrence, which thus facilitates clinical decision-nature of the study, as well as by patient selection bias,
making in these patients. Trapasso et’akported that pecause not all patients originally evaluated by prostatic
metastatic disease was associated with a median PSfyssa biopsies for evidence of locally recurrent prostate
doubling time of 4.3 months in patients with biochemical were subsequently treated with salvage radiation therapy.
recurrence after radical prostatectomy, whereas patientalthough in concordance with Lightner efaive found that
with local recurrence or PSA elevation had only a medianthe detection rate of local recurrence by prostatic fossa
PSA doubling time of 11.7 months. Similarly, Patel et'al biopsies was 42%, 65% of the patients treated with salvage
have shown that a PSA doubling time greater than 6 monthgadiation therapy had a positive biopsy, indicating a poten-
is more likely to be associated with local recurrence thantial bias toward the treatment of patients with biopsy-proven
with metastatic disease, and Pound &t demonstrated that local recurrence. Finally, although the median follow-up of
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our study is similar to that reported by other studies, it isresults, biopsy confirmation of local recurrence does not seem
likely that with longer follow-up the number of favorable to provide significant additional prognostic information with
outcomes may decrease. regard to outcome of salvage radiation therapy when the PSA

Outcome of salvage radiation therapy can be independentlgnd the PSA doubling time are known. Postrecurrence serum
predicted by postrecurrence serum PSA doubling time, as welPSA doubling time can be readily determined before local
as by preradiation serum PSA level. The parameters can bimor burden exceeds the therapeutic capability of salvage
used in combination to direct clinical decision-making in radiation therapy. Ultimately a multi-institutional trial would
patients in whom radical prostatectomy has failed. Althoughallow verification of our results and potentially lead to the
these two parameters are predictive of prostatic fossa biopsgevelopment of a clinically useful nomogram.
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