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Abstract
After local treatment, a substantial proportion of patients with
prostate cancer present with rising prostate specific antigen (PSA)
serum levels as the only indication of disease activity. Evolving data
derived from large databases that were predominantly retrospec-
tively evaluated show that the natural history of these patients is
quite variable. Various clinical and pathologic parameters have been
shown to predict for the probability of development of distant
metastasis, including the surgical Gleason score, time of PSA relapse
after primary treatment, and PSA doubling time (PSADT). The PSADT
appears to be the most important predictor of development of dis-
tant metastasis and prostate cancer-specific mortality. At present, no
data support a standard management approach for these patients,
and clinical trials pose a major challenge in view of the method-
ologic complexities involved. Patients and treating physicians should
make major efforts to participate in clinical trials in this patient pop-
ulation. (JNCCN 2004;2:249–256)

Prostate cancer remains the leading cancer diagnosed in
men in the United States. In 2003, experts estimated that
220,900 new cases would be diagnosed, which account for

about 30% of all cancer cases diagnosed in men in that
year.1

Approximately 85% of all cases diagnosed yearly are
clinically localized and most are treated with radical prosta-
tectomy (RP) or radiation therapy (RT) either by exter-
nal beam or brachytherapy with a curative intent. After
the introduction of the serum prostate-specific antigen
(PSA) test, an increasing number of men presented with
rising serum PSA levels after local treatment as the sole
evidence of disease activity. Although the observation of
rising serum PSA levels is indicative of recurrent disease,
current data indicate that only a fraction of these patients
will subsequently develop evidence of distant metastasis
during their lifetime and die from the disease.

Based on information mostly from single institutions,
the 10-year biochemical relapse-free survival rates of
men with organ-confined disease treated using local ther-
apeutic modalities in surgical and radiation series is ap-
proximately 50% to 65%.2–5 Although the precise
statistics of treatment patterns are not available, we can
estimate that approximately 100,000 cases are referred
yearly for curative treatment in the United States.
According to these figures and taking into account the
biochemical relapse rates indicated above, it can be es-
timated that several hundred thousand men are currently
seen in the clinics with rising serum PSA level as the
only evidence of disease activity. The management of
these patients poses a major challenge for all disciplines
involved in the treatment of prostate cancer, primarily
because of the widely variable outcome and undefined
treatment standards. Clearly, adequate definition of the
natural history of these patients would provide critical
prognostic information for treatment planning.
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Definition of PSA Recurrence
The definition of PSA relapse varies according to the
primary modality of treatment used. After radical
prostatectomy, preoperative PSA level should decline
rapidly to an undetectable level, according to a 48- to
72-hour half-life.6 Based on the most-available PSA
assays, a value of less than 0.1 ng/mL is considered un-
detectable. Controversy still exists regarding the most
appropriate definition of PSA failure, however. At
Johns Hopkins, biochemical relapse is defined as ris-
ing PSA levels of 0.2 ng/mL or higher. The ultrasen-
sitive PSA assays detect changes at levels as low as
0.01; however, more studies are needed to better define
the clinical significance of detectable PSA levels be-
low 0.1 ng/mL.7,8

After radiation therapy (external beam,
brachytherapy, or a combination of both) the defini-
tion of biochemical relapse is more challenging. Time
to the PSA nadir is usually longer (1–2 years), and
persistent production of PSA may originate from re-
maining nonmalignant prostatic tissue. Transient rises
in PSA after radiation therapy (“bouncing”), espe-
cially after brachytherapy,9–12 has also been reported.

The American Society for Therapeutic Radiology
and Oncology (ASTRO) defined PSA recurrence af-
ter radiation therapy13 as three consecutive increases
in PSA independent of the nadir value. The date of
failure is the midpoint between the post-radiation
nadir PSA and the first of the three consecutive rises.
The use of three consecutive values reduces the risk
of defining a false biochemical relapse because of the
bouncing PSA phenomenon. Data from contempo-
rary studies using primary treatment with radiation in
patients with clinically localized prostate cancer will
undoubtedly provide more precise information on the
definition of biochemical relapse following this modal-
ity of treatment.

Clinical Course
The data on the natural history of patients with bio-
chemical relapse after surgery or RT have been re-
ported. A number of confounding factors determine
the complexities involved in the adequate evalua-
tion of these data. Among the most important issues
are limited follow-up due to the relatively short-term
availability of the PSA test, lack of strict follow-up
guidelines, and the frequent implementation of an-
drogen-deprivation treatment before the development
of clinically evident distant metastases.

The first report, by Pound et al.,14 described the
Johns Hopkins Hospital experience on the natural
history of progression of patients with biochemical
relapse after a radical prostatectomy performed at
that institution. No patient received any endocrine
therapy before evidence of metastatic disease. The au-
thors developed an algorithm based on the most sig-
nificant predictive factors based on a multivariate
analysis of the initial 1997 patients. The data were
updated recently15 and are shown in Table 1. Of the
3,263 patients followed up after RP on the most re-
cent published update, 329 experienced a biochem-
ical relapse. After a mean follow-up time of 10.5
years, 144 of 321 (44%) patients developed metasta-
tic disease. Median actuarial time from biochemical
relapse to metastatic progression was approximately
7.0 years. Based on the Cox model, factors that pre-
dict the probability of distant metastasis over time in-
clude the timing of initial PSA elevation, (< or >2
years from the RP)Gleason score (5–7 vs. 8–10), and
the PSA doubling time (PSADT; < or >10 months).
Based on the update, the PSADT largely overrides
the other factors in predicting the probability of de-
velopment of distant metastasis and prostate cancer-
specific mortality (Partin, personal communication,
2004).15 
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Abbreviations: PSADT, prostate specific antigen doubling time; N/A, not available. 
Source: Data are from Eisenberger et al.15

Table 1 Probability of Metastasis-free Survival at 3, 5, and 7 Years After Biochemical Relapse
Gleason score 5–7 8–10

Relapse >2 y 2 y >2 y 2 y

PSADT (mo) >10 10 >10 10 >10 10 >10 10

3 y 92% 66% 99% 60% 84% 57% N/A 52%

5 y 92% 34% 83% 24% 72% 36% N/A 27%

7 y 84% 27% 75% 6% 57% 24% N/A 7%



D’Amico et al.16 evaluated various pretreatment
and post-treatment prognostic factors of 381 patients
with clinically localized prostate cancer who under-
went primary treatment with RT. Post-treatment risk
factors were also analyzed in 94 patients who experi-
enced biochemical relapse. PSADT as a continuous
variable was a significant predictor of overall and
prostate cancer specific prognosis. In a separate study,
D’Amico et al. demonstrated a hazard ratio of ap-
proximately 20 for prostate cancer-specific mortality
(after a PSArecurrence) for men with a PSADT of less
than 3 months. The type of initial treatment received
(RP or RT) was not statistically significantly associated
with time to prostate cancer-specific mortality, and
the authors suggested that a PSADT of less than 3
months should be further evaluated as a possible sur-
rogate end point for prostate cancer-specific mortality
after surgery or radiation therapy.17

The importance of the time to PSA relapse and
the PSADT in predicting the outcome of these pa-
tients after either surgery or radiation therapy has been
emphasized by multiple authors.14,18–21

Diagnostic Tests
The most commonly used imaging studies for staging
these patients are a radionuclide bone scans, com-
puted tomography (CT), and magnetic resonance im-
aging (MRI) of the abdomen and pelvis. However, all
these tests have a fairly low yield in detecting metasta-
tic sites in the early stages of biochemical relapse. The
probability of a positive bone scan in an asymptomatic
patient with serum PSA levels was reported to be less
than 5%.22,23 In a study evaluating the role of CT scans
in this population, about 14% of patients had posi-
tive scans within 3 years from the biochemical relapse;
however, only 9.3% of the CT scans provided new
clinical information (most confirmed palpable recur-
rences or bone metastasis already reported on bone
scans). Serum PSA values and PSA velocity together
were frequently able to predict abnormal findings of
CT scans. The mean total PSA for the patients with
positive CT scans was 27.4 ng/mL compared with 4.5
ng/mL for those with negative CT scans. The mean
PSA velocity was 1.8 ng/mL/mo in patients with pos-
itive scans compared with 0.7 ng/mL in patients with
negative CT scans.24 A more precise definition of the
appropriate schedule for imaging these patients is
needed; however, a baseline evaluation followed by

yearly bone scans (and CT or MRI of the abdomen and
pelvis) in patients with PSADT of less than 10 months
seems reasonable at this time.

The ProstaScint scan (Indium-111 conjugated to
a murine antibody to prostate-specific membrane anti-
gen) is approved by the FDA for the initial diagnos-
tic aid of patients with a biochemical relapse after RP;
however, the usefulness of this test as a restaging tool
in patients with biochemical relapse has not been well
documented.25 This test has a significant problem: rel-
atively high false-positive and false-negative results.26

A few small studies have compared the long-term re-
sults of salvage RT based on findings of the ProstaScint
scan. Kahn et al.27 reported significantly better long-
term PSA control after salvage RT in patients who
had no evidence of extra prostatic uptake on their
ProstaScint scans. Interestingly, the outcome reported
that 22% of those with a positive distant uptake had
long-term PSA control. Other studies also reported
that evidence of extra prostatic uptake did not predict
failure to achieve a long-term PSA response follow-
ing local salvage therapy.28,29

Other diagnostic tests frequently employed in the
setting of the biochemical relapsed patient include a
transrectal ultrasound with biopsy,30,31 endorectal
MRI,32 and PET scans.33,34 Although no clear consen-
sus exists on the diagnostic and therapeutic contrib-
utions of these tests and procedures, in our experience
they infrequently provide decisive information for the
management of these patients.

Local Versus Distant Relapse
The overwhelming majority of patients with bio-
chemical relapse are asymptomatic from the disease.
Usually, no findings on physical examination or im-
aging modalities are available to use for distinguish-
ing between local and systemic recurrence. In the
absence of signs and symptoms, the strategy employed
is to estimate the probability of local relapse using var-
ious clinical and pathologic factors related to the dis-
ease. The interval from the RP to biochemical relapse,
surgical Gleason score, extent of pathologic involve-
ment (capsule penetration, seminal vesicles, or lymph
nodes) were reported by the Hopkins investigators
several years ago to be important variables in predicting
eventual local versus distant failure.35 Leventis et al.36

reported that the DRE of the prostatic fossa, pre-
treatment PSA, and recurrence PSADT predict which
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patients will have biopsy-proven local recurrence. A
response to salvage radiation was more likely in pa-
tients with low PSADT and actual pre-salvage treat-
ment PSA level. Palpable lesions and those confirmed
histologically did not predict the response to salvage
radiation therapy. A PSADT (greater than or less than
6 months) was reported to be the most reliable factor
for differentiating local from distant failure in patients
treated with primary radiation therapy. Sartor et al.37

reported that the Gleason score (2–6 vs. 7–10) and
PSA nadir (<1 vs. 1–4 ng/mL) predicted for local ver-
sus distant relapse after definitive radiation therapy.

Treatment Options
At this time, the only reasonable, well-documented,
therapeutic approach with curative potential is sal-
vage postoperative radiation therapy in patients who
experience relapse after radical prostatectomy. After
radical prostatectomy, the most commonly used treat-
ment is external beam radiation therapy. The recom-
mended dose in salvage external beam radiation
according to the ASTRO consensus panel guidelines
is at least 64Gy.38 Single institution experiences indi-
cate that a 25% to 50% durable undetectable PSA re-
sponse39–42 with salvage RT. The variability in results
is most probably because of patient selection criteria.
Important factors influencing the probability of con-
trolling the disease are the pathologic staging and sur-
gical Gleason score in addition to the timing of PSA
relapse after surgery.38 In most studies, the reported
PSA thresholds associated with improved results from
salvage RT are 0.6 to 2.7 ng/mL.43–47

Stephenson et al.48 proposed a nomogram to predict
the 2-year PSA progression-free probability (PFP) for
salvage RT in patients with biochemical relapse after a
RP. This study involved 375 patients followed for a me-
dian of 3 years after salvage RT. Patients with pre-RT
PSA levels of less than 2 ng/mL, PSADT longer than
10 months, Gleason score of 2 to 7, and pT3a (positive
margins at RP) had a 2-year PSA PFP of 65% to 95%.
The pre-RP PSA, time from RP to the PSA relapse,
and the RT dose were not reported as important pre-
dictors of outcome in the multivariate analysis.

A variable degree of success has been reported with
salvage prostatectomy after external beam radiation
primarily based on single institution reports. Three-
year biochemical relapse free rates after salvage RP
were reported in up to 50% of selected series of pa-

tients.49–51 A serum PSA of less than 10 ng/mL at time
of surgery and pathologic evidence of organ confined
disease are important indicators of outcome in these pa-
tients. Clearly, salvage prostatectomy requires experi-
enced surgeons to ensure adequate removal of all
evidence of disease at the cost of acceptable morbid-
ity. The most common and severe sequelae from sal-
vage prostatectomy are urinary incontinence (40% to
50%), bladder neck contractures (20% to 25%), rec-
tal injury (5% to 15%), fistula (0% to 5%), throm-
boembolic events (5% to 8%), and definite impotence.

Other approaches requiring further study include
salvage RP after brachytherapy,52 salvage brachyther-
apy after external beam radiotherapy (XRT) or RP,53,54

and salvage cryotherapy after XRT.55,56 Although pre-
liminary, the available data suggest that these ap-
proaches are feasible and that potentially effective
larger studies are needed to better define short- and
long-term toxicities and therapeutic benefits.

Androgen Deprivation
The role of androgen deprivation in the treatment of
patients with biochemical relapse remains undefined.
Unfortunately, no studies employing an adequate “no
treatment control arm” have been reported to date.
Although existing data support the contention that im-
mediate (early) hormonal therapy in these patients is
likely to delay the onset of clinically evident distant
metastasis, a survival benefit has not been documented.
Long -term androgen deprivation is associated with
multiple and frequently irreversible toxicity. This is es-
pecially important because the vast majority of these pa-
tients have no symptoms related to their disease.

The optimal timing of androgen deprivation in
prostate cancer remains a major controversial issue of
virtually all stages of this disease. Although the benefits
by far override the side effects in patients with metastatic
disease, its use in patients with biochemical evidence
of disease only requires further study. Ongoing studies
are testing an intermittent treatment approach com-
pared with the standard continued androgen suppres-
sion in various stages of the disease, including the early
disease setting. Preliminary data of ongoing phase III
studies reported recently indicate that during the off-
treatment intervals, 90% of patients had shown evi-
dence significant of gonadal function with testosterone
recovery within the normal ranges.57 Although that is
preliminary, the authors of that study suggest that the
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pattern of disease progression in patients with bio-
chemically relapsed disease appears to be very similar
in the groups receiving intermittent treatment and con-
tinued treatment.57 Because of its relatively good toler-
ance, the use of intermittent hormonal therapy is
becoming more popular especially in patients in the
high-risk group.

Another treatment explored in early stage prostate
cancer is the use on antiandrogens as single agent.
The most extensively developed drug in this setting
is bicalutamide. Data in patients with metastatic dis-
ease suggest that bicalutamide (50 and 150 mg/d) as
monotherapy is inferior to bilateral orchiectomy in
prospective randomized trials.58 The evidence in pa-
tients without metastasis is too preliminary for de-
finitive conclusions.59 One large international
placebo-controlled study evaluated the adjuvant role
of 150 mg/d of bicalutamide in high-risk patients
treated with RP and RT or no treatment (watchful
waiting). With a relatively short follow-up time, a sta-
tistically significant difference in progression was seen
in favor of bicalutamide; treatment was unblinded and
the study was terminated. Toxicity (gynecomastia, gas-
trointestinal) was significant and because of the early
unblinding, survival data may not be reliable. Recently,
researchers disclosed that with additional follow-up
time, the number of deaths in the bicalutamide treat-
ment arm was significantly higher than in the placebo
arm.60 Clearly, further studies are needed.

Selection of Treatment Candidates
Table 1 summarizes the most recent experience re-
ported by the Johns Hopkins investigators on the nat-
ural history of patients with biochemical relapse after
radical prostatectomy.15 Recent evaluation of these
data suggests that the PSADT significantly predicts for
prostate cancer specific mortality in these patients.
The 10-year survival rate in patients with PSADT of
10 months or less is 43% compared with 80% in pa-
tients with PSADT longer than 10 months (Partin,
unpublished communication, 2004).

Observations across different series suggest that
the median survival of patients with short PSADT
(<12 months in radiation-treated patients) may be
similar to patients diagnosed with early bone metas-
tasis. D’Amico et al.21 reported the outcome of pa-
tients receiving primary radiation therapy (without
hormonal therapy) based on their recurrent PSADT

(Fig. 1). The median survival of patients with PSADT
of 12 months or less in the series was about 5 years.

These figures are quite similar to the median sur-
vival of 52 months in patients with minimal (early)
metastatic disease treated in a large prospective ran-
domized study comparing bilateral orchiectomy with
or without flutamide in patients with newly diagnosed
M1 prostate cancer patients reported by Eisenberger
et al.61 (Fig. 2). The similarities in distribution of
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Figure 1 Survival of high-risk patients with biochemical relapse after
radiation according to prostate specific antigen doubling time PSADT.
(Reprinted from D’Amico et al. J Clin Oncol 2002;20:4567-4573;
with permission.)

Figure 2 Survival distribution according to extent of disease of
patients with M1 prostate cancer treated with bilateral orchiectomy
with/without flutamide. Patients with minimal disease have evidence of
a lesser extent of metastasis. (Reprinted from Eisenberger et al. N Engl J
Med 1998;339:1036–1042; used with permission.)



survival in the Kaplan-Meier curves of patients with
PSADT of 12 months or less reported by D’Amico et
al.21 and those with minimal metastatic disease re-
ported by Eisenberger et al.61 suggest that patients with
short doubling times represent a group of patients with
subclinical metastatic disease in which aggressive treat-
ment approaches should be vigorously evaluated in
prospectively controlled studies (Figs. 1 and 2).

Many questions regarding the clinical course and
management considerations in patients with
biochemical relapse remain unanswered and physi-
cians caring for these patients should attempt vigor-
ously to support clinical trials. The PSADT will
probably be the most important determinant of out-
come and an important tool for selection of treatment
in these patients. Some considerations for future re-
search are proposed in Table 2.

In the absence of available studies, the current
data, although preliminary, may allow for some rea-
sonable therapeutic considerations. Physicians should
inform patients that, at this point, no agreed upon
standard approach and that significant toxicity is pos-
sible. In the group of patients with long PSADT, a rea-
sonable alternative seems to be to offer these patients
careful observation prior to initiating treatment. In
view of the relatively favorable outcome, reasonable
treatment options may include non-aggressive ap-
proaches such as intermittent hormonal therapy or a
non-castrate anti-androgen monotherapy.

The most adequate time to initiate treatment in
this group of patients is unclear. Their predicted sur-

vival is long and quality of life should be a major fac-
tor when approaching this decision. For patients with
short PSADT, survival seems to be significantly less.
These patients should be referred to centers involved
in clinical trials for this patient population.

References
1. Jemal A, Murray T, Samuels A, et al. Cancer statistics, 2003.

CA Cancer J Clin 2003;53:5–26.
2. Han M, Partin AW, Piantadosi S, et al. Era specific bio-

chemical recurrence-free survival following radical prosta-
tectomy for clinically localized prostate cancer. J Urol
2001;166:416–419.

3. Zietman AL, Coen JJ, Dallow KC, et al. The treatment of
prostate cancer by conventional radiation therapy: an analy-
sis of long-term outcome. Int J Radiat Oncol Biol Phys
1995;32:287–292.

4. Kuban DA, Thames HD, Levy LB, et al. Long-term multi-
institutional analysis of stage T1-T2 prostate cancer treated
with radiotherapy in the PSA era. Int J Radiat Oncol Biol
Phys 2003;57:915–928.

5. Sylvester JE, Blasko JC, Grimm PD, et al. Ten-year bio-
chemical relapse-free survival after external beam radiation
and brachytherapy for localized prostate cancer: the Seattle
experience. Int J Radiat Oncol Biol Phys 2003;57:944–952.

6. Lotan Y, Roehrborn CG. Clearance rates of total prostate
specific antigen (PSA) after radical prostatectomy in African-
Americans and Caucasians.. Prostate Cancer Prostatic Dis
2002;5:111–114.

7. Haese A, Huland E, Graefen M, Hammerer P. Ultrasensitive
detection of prostate specific antigen in the follow up of 422
patients after radical prostatectomy. J Urol 1999;161:
1206–1211.

254 Original Article

Rosenbaum et al.

© Journal of the National Comprehensive Cancer Network | Volume 2 Number 3 | May 2004

Table 2 Clinical Trials Involving Patients With Biochemical Relapse (M0 Disease)
Post-surgery or radiation

Post-surgery PSADT of 10 months (RP patients) Post-radiation therapy
PSADT of >10 months 12 months (RT patients) PSADT of >12 months

Other parameters to consider: Other parameters to consider: Other parameters to consider:

Gleason #7 Gleason 7 Gleason #7

Time of PSA relapse 2 years Time of relapse #2 years Low clinical stage

Low pathological stage High clinical (RT patients) or PSA 10 ng/mL
pathologic stage (RP patients) Time of relapse 2 years

Role of salvage radiation Combined modality approaches Role of salvage local treatments
therapy (including -chemotherapy)

Evaluation of therapeutic modalities Clinical trials should focus on aggressive Evaluation of therapeutic modalities
using time-to-progression as study approach using survival as study using time to progression as study
endpoint such as intermittent endpoint endpoint such as intermittent hormonal
hormonal therapy, anti-progression therapy, anti-progression modalities,
modalities,chemotherapy, etc. chemotherapy, etc.

Observation should be the control arm Role for local treatment unlikely Observation should be the control arm

http://www.ingentaconnect.com/content/external-references?article=/0007-9235^282003^2953L.5[aid=4800952]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^282001^29166L.416[aid=5811229]
http://www.ingentaconnect.com/content/external-references?article=/0360-3016^281995^2932L.287[aid=5811230]
http://www.ingentaconnect.com/content/external-references?article=/0360-3016^282003^2957L.915[aid=5811231]
http://www.ingentaconnect.com/content/external-references?article=/0360-3016^282003^2957L.944[aid=5811232]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^281999^29161L.1206[aid=5811233]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^282001^29166L.416[aid=5811229]
http://www.ingentaconnect.com/content/external-references?article=/0360-3016^281995^2932L.287[aid=5811230]
http://www.ingentaconnect.com/content/external-references?article=/0360-3016^282003^2957L.915[aid=5811231]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^281999^29161L.1206[aid=5811233]


8. Witherspoon LR, Lapeyrolerie T. Sensitive prostate specific
antigen measurements identify men with long disease-free
intervals and differentiate aggressive from indolent cancer re-
currences within 2 years after radical prostatectomy. J Urol
1997;157:1322–1328.

9. Stock RG, Stone NN, Cesaretti JA. Prostate-specific anti-
gen bounce after prostate seed implantation for localized
prostate cancer: descriptions and implications. Int J Radiat
Oncol Biol Phys 2003;56:448–453.

10. Hanlon AL, Pinover WH, Horwitz EM, Hanks GE. Patterns
and fate of PSA bouncing following 3D-CRT. Int J Radiat
Oncol Biol Phys 2001;50:845–849.

11. Rosser CJ, Kuban DA, Levy LB, et al. Prostate specific antigen
bounce phenomenon after external beam radiation for clinically
localized prostate cancer. J Urol 2002;168:2001–2005.

12. Critz FA, Williams WH, Benton JB, et al. Prostate specific
antigen bounce after radioactive seed implantation followed
by external beam radiation for prostate cancer. J Urol
2000;163:1085–1089.

13. Consensus statement: guidelines for PSA following radia-
tion therapy. American Society for Therapeutic Radiology
and Oncology Consensus Panel. Int J Radiat Oncol Biol Phys
1997;37:1035–1041.

14. Pound CR, Partin AW, Eisenberger MA, et al. Natural his-
tory of progression after PSA elevation following radical
prostatectomy. JAMA 1999;281:1591–1597.

15. Eisenberger MA, Partin AW, Pound C. Natural history of
progression of patients with biochemical (PSA) relapse fol-
lowing radical prostatectomy (Abstr #1527). Update Proc
Am Soc of Clin Oncol ASCO 2003.

16. D’Amico AV, Cote K, Loffredo M, et al. Determinants of
prostate cancer specific survival following radiation therapy
during the prostate specific antigen era. J Urol 2003;170
(suppl):S42–S46.

17. D’Amico AV, Moul JW, Carroll PR, et al. Surrogate end point
for prostate cancer-specific mortality after radical prostatectomy
or radiation therapy. J Natl Cancer Inst 2003;95: 1376–1383.

18. Patel A, Dorey F, Franklin J, deKernion JB. Recurrence pat-
terns after radical retropubic prostatectomy: clinical useful-
ness of prostate specific antigen doubling times and log slope
prostate specific antigen. J Urol 1997;158:1441–1445.

19. Zagars GK, Pollack A. Kinetics of serum prostate-specific
antigen after external beam radiation for clinically localized
prostate cancer. Radiother Oncol 1997;44:213–221.

20. Lee WR, Hanks GE, Hanlon A. Increasing prostate-specific
antigen profile following definitive radiation therapy for lo-
calized prostate cancer: clinical observations. J Clin Oncol
1997;15:230–238.

21. D’Amico AV, Cote K, Loffredo M, et al. Determinants of
prostate cancer-specific survival after radiation therapy for pa-
tients with clinically localized prostate cancer. J Clin Oncol
2002;20:4567–4573.

22. Cher ML, Bianco FJ Jr, Lam JS, et al. Limited role of ra-
dionuclide bone scintigraphy in patients with prostate spe-

cific antigen elevations after radical prostatectomy. J Urol
1998;160:1387–1391.

23. Freitas JE, Gilvydas R, Ferry JD, Gonzalez JA. The clinical
utility of prostate-specific antigen and bone scintigraphy in
prostate cancer follow-up. J Nucl Med 1991;32:1387–1390.

24. Kane CJ, Amling CL, Johnstone PA, et al. Limited value of
bone scintigraphy and computed tomography in assessing
biochemical failure after radical prostatectomy. Urology
2003;61:607–611.

25. Kahn D, Williams RD, Seldin DW, et al.
Radioimmunoscintigraphy with 111Indium labeled CYT-356
for the detection of occult prostate cancer recurrence. J Urol
1994;152:1490–1495.

26. Hinkle GH, Burgers JK, Neal CE, et al. Multicenter ra-
dioimmunoscintigraphic evaluation of patients with prostate
carcinoma using indium-111 capromab pendetide. Cancer
1998;83:739–747.

27. Kahn D, Williams RD, Haseman MK, et al. Radio-
immunoscintigraphy with In-111-labeled capromab pende-
tide predicts prostate cancer response to salvage radiotherapy
after failed radical prostatectomy. J Clin Oncol 1998;
16:284–289.

28. Thomas CT, Bradshaw PT, Pollock BH, et al. Indium-111-
capromab pendetide radioimmunoscintigraphy and progno-
sis for durable biochemical response to salvage radiation
therapy in men after failed prostatectomy. J Clin Oncol
2003;21:1715–1721.

29. Mohideen N, Flanigan RJ, Dillehay G, et al. Role of
Prostascint scan in the assessment of patients who undergo
radiotherapy for biochemical failure after radical prostec-
tomy for prostate cancer (Abstr). J Urol 2002;167(suppl):174.

30. Leventis AK, Shariat SF, Slawin KM. Local recurrence af-
ter radical prostatectomy: correlation of US features with
prostatic fossa biopsy findings. Radiology 2001;219: 432–439.

31. Foster LS, Jajodia P, Fournier GS, et al. The value of prostate-
specific antigen and transrectal ultrasound guided biopsy in
detecting prostatic fossa recurrences following radical prosta-
tectomy. J Urol 1993;149:1024–1028.

32. Silverman JM, Krebs TL. MR imaging evaluation with a
transrectal surface coil of local recurrence of prostatic can-
cer in men who have undergone radical prostatectomy. AJR
Am J Roentgenol 1997;168:379–385.

33. Seltzer MA, Barbaric Z, Belldegrun A, et al. Comparison of
helical computerized tomography, positron emission tomog-
raphy and monoclonal antibody scans for evaluation of lymph
node metastases in patients with prostate specific antigen re-
lapse after treatment for localized prostate cancer. J Urol
1999;162:1322–1328.

34. Hofer C, Laubenbacher C, Block T, Breul J. Fluorine-18-
fluorodeoxyglucose positron emission tomography is useless
for the detection of local recurrence after radical prostatec-
tomy. Eur Urol 1999;36:31–35.

35. Pound CR, Partin AW, Epstein JI, et al. Prostate-specific
antigen after anatomic radical retropubic prostatectomy.
Patterns of recurrence and cancer control. Urol Clin North
Am 1997;24:395–406.

Original Article 255

Biochemical Relapse After Prostate Cancer Treatment

© Journal of the National Comprehensive Cancer Network | Volume 2 Number 3 | May 2004

http://www.ingentaconnect.com/content/external-references?article=/0022-5347^281997^29157L.1322[aid=5811234]
http://www.ingentaconnect.com/content/external-references?article=/0360-3016^282003^2956L.448[aid=5811235]
http://www.ingentaconnect.com/content/external-references?article=/0360-3016^282001^2950L.845[aid=5811236]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^282002^29168L.2001[aid=5811237]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^282000^29163L.1085[aid=5811238]
http://www.ingentaconnect.com/content/external-references?article=/0098-7484^281999^29281L.1591[aid=1888057]
http://www.ingentaconnect.com/content/external-references?article=/0027-8874^282003^2995L.1376[aid=5811228]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^281997^29158L.1441[aid=1888059]
http://www.ingentaconnect.com/content/external-references?article=/0167-8140^281997^2944L.213[aid=5811239]
http://www.ingentaconnect.com/content/external-references?article=/0732-183X^281997^2915L.230[aid=5811240]
http://www.ingentaconnect.com/content/external-references?article=/0732-183X^282002^2920L.4567[aid=5811241]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^281998^29160L.1387[aid=2475375]
http://www.ingentaconnect.com/content/external-references?article=/0161-5505^281991^2932L.1387[aid=5811242]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^281994^29152L.1490[aid=5811244]
http://www.ingentaconnect.com/content/external-references?article=/0008-543X^281998^2983L.739[aid=3339813]
http://www.ingentaconnect.com/content/external-references?article=/0732-183X^281998^2916L.284[aid=2475387]
http://www.ingentaconnect.com/content/external-references?article=/0732-183X^282003^2921L.1715[aid=5811245]
http://www.ingentaconnect.com/content/external-references?article=/0033-8419^282001^29219L.432[aid=5811246]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^281993^29149L.1024[aid=5811247]
http://www.ingentaconnect.com/content/external-references?article=/0361-803X^281997^29168L.379[aid=5811248]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^281999^29162L.1322[aid=2775811]
http://www.ingentaconnect.com/content/external-references?article=/0302-2838^281999^2936L.31[aid=2475390]
http://www.ingentaconnect.com/content/external-references?article=/0094-0143^281997^2924L.395[aid=1273694]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^281997^29157L.1322[aid=5811234]
http://www.ingentaconnect.com/content/external-references?article=/0360-3016^282003^2956L.448[aid=5811235]
http://www.ingentaconnect.com/content/external-references?article=/0360-3016^282001^2950L.845[aid=5811236]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^282000^29163L.1085[aid=5811238]
http://www.ingentaconnect.com/content/external-references?article=/0732-183X^281997^2915L.230[aid=5811240]
http://www.ingentaconnect.com/content/external-references?article=/0732-183X^282002^2920L.4567[aid=5811241]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^281998^29160L.1387[aid=2475375]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^281994^29152L.1490[aid=5811244]
http://www.ingentaconnect.com/content/external-references?article=/0008-543X^281998^2983L.739[aid=3339813]
http://www.ingentaconnect.com/content/external-references?article=/0732-183X^281998^2916L.284[aid=2475387]
http://www.ingentaconnect.com/content/external-references?article=/0732-183X^282003^2921L.1715[aid=5811245]
http://www.ingentaconnect.com/content/external-references?article=/0361-803X^281997^29168L.379[aid=5811248]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^281999^29162L.1322[aid=2775811]
http://www.ingentaconnect.com/content/external-references?article=/0094-0143^281997^2924L.395[aid=1273694]


36. Leventis AK, Shariat SF, Kattan MW, et al. Prediction of re-
sponse to salvage radiation therapy in patients with prostate
cancer recurrence after radical prostatectomy. J Clin Oncol
2001;19:1030–1039.

37. Sartor CI, Strawderman MH, Lin XH, et al. Rate of PSA rise
predicts metastatic versus local recurrence after definitive
radiotherapy. Int J Radiat Oncol Biol Phys 1997;38:941–947.

38. Cox JD, Gallagher MJ, Hammond EH, et al. Consensus state-
ments on radiation therapy of prostate cancer: guidelines for
prostate re-biopsy after radiation and for radiation therapy
with rising prostate-specific antigen levels after radical prosta-
tectomy. American Society for Therapeutic Radiology and
Oncology Consensus Panel. J Clin Oncol 1999;17:1155.

39. Cadeddu JA, Partin AW, DeWeese TL, Walsh PC. Long-
term results of radiation therapy for prostate cancer recurrence
following radical prostatectomy. J Urol 1998;159:173–177.

40. Morris MM, Dallow KC, Zietman AL, et al. Adjuvant and
salvage irradiation following radical prostatectomy for prostate
cancer. Int J Radiat Oncol Biol Phys 1997;38:731–736.

41. Schild SE, Buskirk SJ, Wong WW, et al. The use of radio-
therapy for patients with isolated elevation of serum prostate
specific antigen following radical prostatectomy. J Urol
1996;156:1725–1729.

42. Wu JJ, King SC, Montana GS, et al. The efficacy of post-
prostatectomy radiotherapy in patients with an isolated ele-
vation of serum prostate-specific antigen. Int J Radiat Oncol
Biol Phys 1995;32:317–323.

43. Katz MS, Zelefsky MJ, Venkatraman ES, et al. Predictors of
biochemical outcome with salvage conformal radiotherapy
after radical prostatectomy for prostate cancer. J Clin Oncol
2003;21:483–489.

44. Catton C, Gospodarowicz M, Warde P, et al. Adjuvant and
salvage radiation therapy after radical prostatectomy for ade-
nocarcinoma of the prostate. Radiother Oncol 2001;59:
51–60.

45. Garg MK, Tekyi-Mensah S, Bolton S, et al. Impact of post-
prostatectomy prostate-specific antigen nadir on outcomes fol-
lowing salvage radiotherapy. Urology 1998;51:998–1002.

46. Zelefsky MJ, Aschkenasy E, Kelsen S, et al. Tolerance and
early outcome results of postprostatectomy three-dimensional
conformal radiotherapy. Int J Radiat Oncol Biol Phys
1997;39:327–333.

47. Crane CH, Rich TA, Read PW, et al. Preirradiation PSA
predicts biochemical disease-free survival in patients treated
with postprostatectomy external beam irradiation. Int J Radiat
Oncol Biol Phys 1997;39:681–686.

48. Stephenson AJ, Shariat SF, Kattan MW, et al. Predicting the
outcome of salvage radiotherapy for suspected local recur-

rence of prostate cancer after radical prostatectomy (Abstr
#1577). Proc Am Soc Clin Oncol 2003;22:392.

49. Rogers E, Ohori M, Kassabian VS, et al. Salvage radical
prostatectomy: outcome measured by serum prostate specific
antigen levels. J Urol 1995;153:104–110.

50. Gheiler EL, Tefilli MV, Tiguert R, et al. Predictors for max-
imal outcome in patients undergoing salvage surgery for
radio-recurrent prostate cancer. Urology 1998;51:789–795.

51. Lerner SE, Blute ML, Zincke H. Critical evaluation of sal-
vage surgery for radio-recurrent/resistant prostate cancer.
J Urol 1995;154:1103–1109.

52. Brenner PC, Russo P, Wood DP, Morse MJ. Salvage radical
prostatectomy in the management of locally recurrent prostate
cancer after 125I implantation. Br J Urol 1995;75:44–47.

53. Losa A, Nava LD, Di Muzio N, et al: Salvage brachytherapy
for local recurrence after radical prostatectomy and subsequent
external beam radiotherapy. Urology 2003;62:1068–1072.

54. Grado GL, Collins JM, Kriegshauser JS, et al. Salvage
brachytherapy for localized prostate cancer after radiother-
apy failure. Urology 1999;53:2–10.

55. Izawa JI, Madsen LT, Scott SM, et al: Salvage cryotherapy for
recurrent prostate cancer after radiotherapy: variables af-
fecting patient outcome. J Clin Oncol 2002;20:2664–2671.

56. Chin JL, Pautler SE, Mouraviev V, et al. Results of salvage
cryoablation of the prostate after radiation: identifying pre-
dictors of treatment failure and complications. J Urol
2001;165:1937–1941.

57. Tunn UW, Eckart O, Offenbach DE, et al. Can intermittent
androgen deprivation be an alternative to continuous an-
drogen withdrawal in patients with PSA relapse? First results
of the randomized prospective phase III clinical trial EC 507
(Abstr #1481). J Urol 2003;169.

58. Tyrrell CJ, Kaisarry AV, Iversen P, et al. A randomized com-
parison of bicalutamide 150mg monotherapy versus castra-
tion in the treatment of metastatic and locally advanced
prostate cancer. Eur Urol 1998;33:447–456.

59. Iversen P, Tyrrell CJ, Kaisary AV, et al. Bicalutamide 150mg
monotherapy  compared with castration in patients with
non-metastatic, locally advanced prostate cancer. J Urol
2000;164:1579–1582.

60. See WA, Wirth MP, McLeod DG, et al. Bicalutamide as im-
mediate therapy either alone or as adjuvant to standard care
of patients with localized or locally advanced prostate can-
cer: first analysis of the early prostate cancer program. J Urol
2002;168:429–435.

61. Eisenberger MA, Blumenstein BA, Crawford ED, et al.
Bilateral orchiectomy with or without flutamide for metastatic
prostate cancer. N Engl J Med 1998;339:1036–1042.

256 Original Article

Rosenbaum et al.

© Journal of the National Comprehensive Cancer Network | Volume 2 Number 3 | May 2004

http://www.ingentaconnect.com/content/external-references?article=/0732-183X^282001^2919L.1030[aid=5811249]
http://www.ingentaconnect.com/content/external-references?article=/0360-3016^281997^2938L.941[aid=2476141]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^281998^29159L.173[aid=2639232]
http://www.ingentaconnect.com/content/external-references?article=/0360-3016^281997^2938L.731[aid=2639234]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^281996^29156L.1725[aid=2476303]
http://www.ingentaconnect.com/content/external-references?article=/0360-3016^281995^2932L.317[aid=2550017]
http://www.ingentaconnect.com/content/external-references?article=/0732-183X^282003^2921L.483[aid=5171730]
http://www.ingentaconnect.com/content/external-references?article=/0167-8140^282001^2959L.51[aid=5171724]
http://www.ingentaconnect.com/content/external-references?article=/0260-0196^281998^2951L.998[aid=2798740]
http://www.ingentaconnect.com/content/external-references?article=/0360-3016^281997^2939L.327[aid=1843126]
http://www.ingentaconnect.com/content/external-references?article=/0360-3016^281997^2939L.681[aid=2639239]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^281995^29153L.104[aid=2476312]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^281995^29154L.1103[aid=2476310]
http://www.ingentaconnect.com/content/external-references?article=/0007-1331^281995^2975L.44[aid=2635769]
http://www.ingentaconnect.com/content/external-references?article=/0732-183X^282002^2920L.2664[aid=5811254]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^282001^29165L.1937[aid=5811255]
http://www.ingentaconnect.com/content/external-references?article=/0302-2838^281998^2933L.447[aid=2635462]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^282000^29164L.1579[aid=2476322]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^282002^29168L.429[aid=5172108]
http://www.ingentaconnect.com/content/external-references?article=/0028-4793^281998^29339L.1036[aid=2635459]
http://www.ingentaconnect.com/content/external-references?article=/0732-183X^282001^2919L.1030[aid=5811249]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^281996^29156L.1725[aid=2476303]
http://www.ingentaconnect.com/content/external-references?article=/0360-3016^281995^2932L.317[aid=2550017]
http://www.ingentaconnect.com/content/external-references?article=/0732-183X^282003^2921L.483[aid=5171730]
http://www.ingentaconnect.com/content/external-references?article=/0167-8140^282001^2959L.51[aid=5171724]
http://www.ingentaconnect.com/content/external-references?article=/0360-3016^281997^2939L.327[aid=1843126]
http://www.ingentaconnect.com/content/external-references?article=/0360-3016^281997^2939L.681[aid=2639239]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^282001^29165L.1937[aid=5811255]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^282000^29164L.1579[aid=2476322]
http://www.ingentaconnect.com/content/external-references?article=/0022-5347^282002^29168L.429[aid=5172108]

