
Timing of Biochemical Failure and Distant Metastasis for Low,
Intermediate, and High Risk Prostate Cancer after Radiotherapy

Peter B. Morgan, M.D.1, Alexandra L. Hanlon, Ph.D.2, Eric M. Horwitz, M.D.1, Mark K.
Buyyounouski, M.D.1, Robert G. Uzzo, M.D.3, and Alan Pollack, M.D., Ph.D.1
1 Department of Radiation Oncology, Fox Chase Cancer Center, Philadelphia, PA

2 Department of Public Health, Temple University, Philadelphia, PA

3 Department of Urologic Oncology, Fox Chase Cancer Center, Philadelphia, PA

Abstract
Condensed Abstract—The timing of biochemical failure and distant metastasis after
radiotherapy for low, intermediate and high-risk prostate cancer was determined. The patterns of
failure suggest that the majority of early failures were due to subclinical micrometastases present at
diagnosis, whereas a late wave of metastasis at 10–12 years in every risk group was consistent with
tumor spread from local persistence of disease.

Background— The relationship of prostate cancer risk group stratification and the timing of
biochemical failure (BF) and distant metastasis (DM) is not well defined. We sought to differentiate
early failures due to subclinical micrometastasis at presentation from late failures due to local
persistence.

Methods— A total of 1833 men with clinically localized prostate cancer treated with 3D-conformal
radiotherapy with or without short-term androgen deprivation were retrospectively analyzed. The
interval hazard rates of DM and BF, using ASTRO and Phoenix (Nadir+2) definitions, were
determined for men with low, intermediate, and high risk disease.

Results— Median follow-up was 67 months. Multivariate analysis showed that increasing risk
group was independently associated with higher ASTRO BF (P<.0001) and Nadir+2 BF (P<.0001).
The preponderance (87%) of ASTRO BF occurred ≤4 years after RT, while Nadir+2 BF was more
evenly spread over years 1–12, with 43% at >4 years. The hazard of Nadir+2 BF persisted in years
8–12 in all risk groups. The interval hazard function for DM appeared to be biphasic (early and late
peaks) for intermediate and high risk patients, but no distinct early wave was evident for low risk
patients.

Conclusions— ASTRO BF underestimates late BF due to backdating. Local persistence of disease
is suggested by delayed Nadir+2 BF and subsequent late DM in every risk group. The paucity of
early DM among those with low risk tumors supports the hypothesis that occult micrometastases
contributed to the early wave.

Keywords
prostate carcinoma; radiotherapy; prognostic factors; outcome; biochemical control; neoplasm
metastasis

Corresponding Author: Alan Pollack, MD PhD, Department of Radiation Oncology, Fox Chase Cancer Center, 333 Cottman Avenue,
Philadelphia, PA 19111-2497, Email: alan.pollack@fccc.edu Phone: 215-728-2940, Fax: 215-728-2868

NIH Public Access
Author Manuscript
Cancer. Author manuscript; available in PMC 2007 August 22.

Published in final edited form as:
Cancer. 2007 July 1; 110(1): 68–80.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



INTRODUCTION
The most widely used risk group classification systems for men with prostate cancer are based
on clinical T-stage, Gleason score, and initial pretreatment prostate specific antigen (iPSA).
Low, intermediate, and high risk prostate cancers have different natural histories and responses
to treatment. Chism et al1 described the outcome of men treated with radiotherapy and
subdivided by a simple risk grouping based on a single factor high risk model that gained
popularity after a report by D’Amico et al.2 In the current report, we sought to characterize in
greater detail the differences in patterns of failure by looking at the hazard of biochemical
failure (BF) and distant metastasis (DM) over discrete time intervals following RT in each risk
group.

Coen et al3 demonstrated that local failure after RT is related to a late wave of DM. To our
knowledge, their observation has not been substantiated in another patient population. From
these data, we hypothesized that early distant metastasis are related more to unrecognized
micrometastatic disease present at the time of radiotherapy and that late metastasis are related
more to locally persistent disease after radiotherapy. Moreover, each wave of DM should be
preceded by a wave of BF. Based on this model, the expectation is that when patients are
subdivided by risk group, those at low risk should have few, if any early metastasis, while those
at higher risk would have a greater incidence of early metastasis. Likewise, increasing risk
should be associated with an increasing proportion of late metastasis from local persistence of
disease due to intrinsic radioresistance and/or factors related to bulk of disease (e.g. hypoxia).

METHODS
Patient Selection and Treatment

The study group was comprised of 1833 patients with clinically localized (N0/Nx, M0/Mx)
prostate cancer consecutively treated with definitive radiotherapy at Fox Chase Cancer Center
(Philadelphia, PA) from March 1987 to October 2001. Institutional review board approval was
obtained for data collection and outcome analysis of patients in this institutional database. T-
category was based solely on palpation findings on digital rectal exam (no upstaging based on
prostate biopsy results or radiographic imaging) using the 2002 AJCC staging guidelines.4 All
patients had a PSA available prior to treatment and had serial PSA values post-treatment. Men
who received neoadjuvant or adjuvant androgen deprivation (AD) of ≤6 months in duration
(initiated prior to completion of RT) were included. Patients receiving >6 months neoadjuvant
or adjuvant AD were excluded. Patients who received salvage AD for a rising PSA or DM after
the completion of RT were included.

Patients were divided into three risk groups (low, intermediate, and high risk) according to the
single-factor high risk classification scheme described by Chism et al.1 The low-risk group
included patients with palpation stage T1-2, iPSA <10 ng/mL, and Gleason score of ≤6. The
high risk group contained any patient with stage T3-4, iPSA ≥20 ng/mL, or Gleason score of
≥8. The intermediate risk group contained patients who did not fulfill the criteria of the low-
or high-risk groups.

Prior to March 1989, 116 study patients were treated with conventional radiotherapy to small
pelvic fields using fluoroscopic simulation with rectal and bladder contrast, as previously
described.5 Typical pelvic field borders were the middle of the sacroiliac joints superiorly, the
bottom on the ischial tuberosities inferiorly, the symphysis pubis anteriorly, the S2/S3
interspace posteriorly, and 1.5 centimeters beyond the pelvic brim laterally. These conventional
pelvic fields were shaped only by corner blocks and were delivered with 2-field, 3-field, or 4-
field beam arrangements. After March 1986, the remaining 1717 men were treated using a 3-
D conformal technique, as previously reported.6 In general, a treatment planning computed

Morgan et al. Page 2

Cancer. Author manuscript; available in PMC 2007 August 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



tomography scan was performed in the treatment position, supine on a custom-made alpha
cradle for immobilization.

Patients with clinical stage T1/T2a-b and Gleason score 2–6 typically received treatment to
the prostate only. Patients with more advanced prostate cancer, T2c/T3/T4 or Gleason score
7–10, received 46–50 Gray (Gy) to the small pelvic field described above, followed by a
conformal boost to the prostate and seminal vesicles. Daily fractions of 2 Gy were used. The
planning target volume (PTV) for conformal radiotherapy included the prostate with or without
the seminal vesicles, with a margin of 1–1.5 centimeters to the block edge. All conformal
treatments utilized 10 to 18 MV photons with a 4-field or 5-field beam arrangement. The
radiation dose was typically prescribed to the 95% isodose line of the beam arrangements. The
mean dose to the PTV was typically between −5% and +7% of the prescribed dose, and 99%
of the PTV received at least 95% of the prescribed dose. As recommended by the International
Commission on Radiation Units and Measurements, radiation dose is reported here as the dose
delivered to isocenter (the ICRU reference point).7 The range of radiotherapy doses was 51–
82 Gy.

Follow-up
Typical follow-up consisted of a serum PSA and digital rectal exam every 3–6 months after
RT for 2 years, then every 6–12 months thereafter. Biochemical failure was examined using
two definitions, one encouraged by a consensus conference sponsored by ASTRO (three
consecutive rises in PSA with backdating to between the nadir and the first rise)8 and the other
from a joint ASTRO-RTOG conference in Phoenix.9 The Phoenix definition (rise of at least
2 ng/mL greater than the PSA nadir after RT) is a better approximation of eventual clinical
failure.9-14 A primary reason for making the comparison is that the ASTRO definition
incorporates backdating, which will make the estimation of the risk of BF at a given interval
of time inaccurate. Using the Phoenix (Nadir+2) definition, BF is recorded at the time the event
occurs. The classification of DM was determined based on radiological evidence of
hematogenous spread. Time to BF and DM was measured from the end of RT or the end of
neoadjuvant/adjuvant AD, whichever occurred later. Although the follow-up for a full analysis
of mortality is premature, we thought it would be informative to determine if early DM
translated into subsequent early deaths. Therefore, we quantified overall mortality (OM) and
prostate cancer cause-specific mortality (CSM) rates.

Statistical Analysis
Estimates of BF, DM, OM, and CSM were calculated using the Kaplan-Meier product-limit
method.15 Univariate comparisons of outcome were performed using the log-rank test.16 For
the univariate analyses, RT dose and iPSA were treated as categorical variables, with groupings
of <74, 74-<76, and ≥76 Gy and <10, 10-<20, and ≥20 ng/mL, respectively. The 74 Gy and
76 Gy RT dose cut-points were chosen because multiple studies have identified the greatest
dose-response in this range.6, 17-21 Multivariate analysis (MVA) utilized stepwise Cox
proportional hazards regression models. Radiotherapy dose, iPSA and age were included as
continuous variables in the MVAs. Categorical covariates for MVA included T–category (T1-2
vs. T3-4), Gleason score (2–6 vs. 7–10), risk group (low vs. intermediate vs. high), neoadjuvant/
adjuvant AD (yes vs. no), and RT technique (3-D conformal vs. conventional). Hazard
functions were estimated using life-table methodology, with comparisons assessed using the
log-rank test for overall differences and the Wilcoxon statistic for early differences. All
statistical tests were two-sided; P<.05 was considered statistically significant.
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RESULTS
The clinical characteristics of the 1833 patients are summarized in Table 1. As expected from
the risk group stratification criteria, the high risk cohort had significantly higher T-categories,
iPSAs, and Gleason scores than the low risk group (P<.0001 for all three variables). The
intermediate risk group similarly had higher iPSAs and Gleason scores (P <.0001 for both).
Median age differed by only one year, although the age difference was statistically significant.
Fewer patients in the low risk group received a radiation dose ≥76 Gy. Median follow-up for
the low and intermediate risk groups was identical at 65 months. The high risk group had longer
median follow-up (79 months, P<.0001). A greater percentage of patients received neoadjuvant
or adjuvant AD in the intermediate (P=.02) and the high risk (P<.0001) groups.

Biochemical failure using the ASTRO definition was documented in 447 (24%) of the 1833
study patients. The majority of these failures were registered early due to backdating, with
390/447 (87%) in years 0–4 post-RT. The 5-year actuarial ASTRO BF rates increased from
16% to 54% with higher risk group stratification and the difference in ASTRO BF among risk
groups was statistically significant on univariate (P<.0001, Table 2) and multivariate analysis
(P<.0001, Table 4). Univariate analyses revealed that higher T-category, Gleason score and
iPSA, and use of neoadjuvant/adjuvant AD were significantly associated with a higher ASTRO
BF rates (P<.0001, Table 3). Conversely, higher RT doses were significantly related to lower
ASTRO BF rates (P<.0001). Multivariate analysis (MVA) for all patients confirmed that higher
Gleason score, iPSA, and risk group, along with lower RT dose, were independently associated
with increased ASTRO BF (Table 4). An MVA was also performed for each risk group
individually (Table 4).

Biochemical failure using the Nadir+2 definition was documented in 396 (22%) of the 1833
study patients. These failures were recorded at call (time of event) following treatment, with
170/396 (43%) occurring >4 year after RT. The 5-year actuarial Nadir+2 BF rates increased
from 9% to 43% with higher risk group stratification. The difference in Nadir+2 BF rates among
the risk groups was statistically significant on univariate (P<.0001, Table 2) and multivariate
analyses (P<.0001, Table 4). As with ASTRO BF, univariate analyses revealed that higher T-
category, Gleason score, and iPSA, and use of neoadjuvant/adjuvant AD were significantly
associated with higher Nadir+2 BF rates (P<.0001, Table 3). Multivariate analyses confirmed
that higher iPSA, higher Gleason score, lower RT dose, and some other covariates, were
independently associated with increased Nadir+2 BF (P<.0001; Table 4).

Using the ASTRO and Nadir+2 definitions, the hazard rates of BF for each 2-year time interval
of follow-up after treatment are shown in Figure 1. Due to backdating, ASTRO BF was
documented at earlier times than Nadir+2 BF. ASTRO BFs are nearly absent in years 8–12.
The most revealing findings are derived from the examination of interval hazard rates using
the Nadir+2 definition. The hazard of Nadir+2 BF persisted in years 8–12 in all risk groups.
For low risk patients there was a peak incidence at 6–8 years post-treatment. For intermediate
risk patients, Nadir+2 BF continued to gradually increase throughout the period of the study.
For high risk patients, there was an early peak at 4–6 years, followed by a decline. The decline
in Nadir+2 BF in the 10–12 year range was undoubtedly affected by the lack of patients at risk;
but prior to that the decline is probably real. The difference in the BF hazard function between
the low, intermediate, and high risk groups was statistically significant using the log-rank test
for overall differences (ASTRO BF, P<.0001; Nadir+2 BF, P<.0001) and the Wilcoxon
statistic for early differences (ASTRO BF, P<.0001; Nadir+2 BF, P<.0001).

Distant metastasis was documented in 87 (5%) of the 1833 study patients. The 5-year actuarial
DM rates increased from 1% to 8% with increasing risk group stratification (P<.0001, Table
2). The 10-year actuarial DM rates were higher and were consistent with this pattern. Univariate
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analyses revealed that higher T-category, Gleason score, and iPSA were significantly
associated with higher DM (P<.0001 for each, Table 3). RT dose as a categorical variable did
not reach significance (P=.2917). On MVA, the significant associations of T-category, Gleason
score, and iPSA with DM were confirmed (Table 4). Moreover, increasing RT dose as a
continuous variable was significantly associated with reduced DM (P=.025); the effect of dose
was most apparent in the intermediate risk patients. The risk of DM was decreased by 6% with
each additional Gy of radiation administered, within the dose range of the study (51–82 Gy).

The interval hazard rates for DM are shown in Figure 2. The distribution of DM over time was
biphasic in the intermediate and high risk groups, with an early wave peaking at 0–4 years and
a late wave at 8–12 years. The waves in the high risk group had greater magnitude and began
about 2 years earlier than in the intermediate risk group. In the low risk group, the pattern of
DM was not biphasic, due to the absence of a distinct early wave; the risk of DM remained
low after RT until a late wave of DM was seen in years 10–12. The difference in the DM hazard
function between the risk groups was statistically significant using the log-rank test for overall
differences (P<.0001) and the Wilcoxon statistic for early differences (P<.0001).

One potentially confounding factor in an analysis of the timing of failure, particularly DM, is
the use of androgen deprivation therapy. In this study, 194 patients (11%) received AD in the
neoadjuvant or adjuvant setting for ≤6 months duration. A significantly higher percentage of
men in the intermediate and high risk groups received neoadjuvant/adjuvant AD (Table 1).
When patients who received neoadjuvant/adjuvant AD were excluded from the DM hazard
analysis (Figure 3), the timing of DM was largely unchanged compared to the entire study
group, with the exception of the late wave of DM peaking at a slightly earlier time during the
8–12 year period among high risk patients.

Salvage AD initiated after RT is another confounding factor. Androgen deprivation given to
patients for a rising PSA could postpone or eliminate the subsequent appearance of DM, thus
altering the DM interval hazard function. Salvage AD was administered to 210 (11%) of the
1833 study patients. If the salvage AD was initiated after a diagnosis of DM, the DM hazard
function would not be affected. However, 163 (9%) of the study patients had hormone therapy
initiated for a rising PSA, at a time when no DM had been identified. Half of these patients
(n=82) were in the high risk group. Table 2 shows that with increasing patient risk, there is an
increase in the use of salvage AD before the diagnosis of DM (4%, 7% to 21% for low,
intermediate to high risk). Thus, the greatest potential effect on the shape of the interval hazard
curves would be in the high risk group; yet, this was the group showing the earliest onset of
DM in the early and late waves.

Regarding mortality, a total of 404 deaths occurred, including 47 prostate cancer cause-specific
deaths (Table 2). Multivariate analysis demonstrated that higher age, Gleason score, and risk
group, along with lower RT dose, were significant predictors of increased OM (P<.01 for each).
For CSM, higher iPSA, Gleason score, and T-stage were significantly associated with increased
cause-specific death (P≤.01 for each). The interval hazard rates for OM and CSM are shown
in Figure 4. The preponderance of deaths was from intercurrent disease, with the hazard of OM
increasing steadily from time 0 out to 12 years in every risk group. A small wave of CSM is
seen in the 10–12 year time interval in the intermediate and high risk groups, which was less
apparent in the low risk patients. These data suggest that the early wave of DM does not translate
into mortality from prostate cancer until 5–8 years later.

DISCUSSION
Radiotherapy is an effective local treatment for prostate cancer, as is radical prostatectomy.
22 However, a rising PSA occurs too frequently, in an average of 30–40% at 10 years depending
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on patient features. Many of these failures are beyond 5 years. Amling et al23 have described
a persistent yearly risk of biochemical failure of approximately 5% at 5–10 years after radical
prostatectomy. Likewise, there is a continued risk of biochemical failure after radiotherapy
beyond 5 years.24 This pattern of late biochemical failures is suggestive of local tumor
persistence.

Local persistence of tumor cells after radical prostatectomy25-27 and radiotherapy28-30 has
been documented in studies of selected patients. Because routine biopsies of the prostate bed/
prostate are not performed in the PSA era, the full extent of the problem, as well as the
relationship of local persistence to distant metastasis is not well-described. The results
described here support the concept that local persistence of disease after radiotherapy results
in a late wave of metastasis, whereas early DM are primarily due to progression of subclinical
metastases already present at diagnosis.

We observed that increasing risk group stratification was significantly associated with
increased DM (P<.0001, Table 2). Our data show for the first time that the DM interval hazard
function for men with intermediate and high risk prostate cancer is biphasic (Figure 2). The
initial wave peaked at 0–4 years and the second wave at 8–12 years following completion of
RT. In the high risk group, the early wave was higher in magnitude and began earlier, suggesting
that occult micrometastases are more common at diagnosis and progress more quickly in men
with high risk disease. A low incidence of occult DM among low risk patients likely explains
the paucity of early DM in this group. There was, however, a significant late wave of DM
among low risk patients, suggesting that local persistence of disease with hematogenous spread
of tumor cells remains a problem even in these more indolent cancers. Many of these patients
received lower RT doses, which could predispose to incomplete tumor eradication.

An alternative explanation for the late wave of DM among low risk patients is that occult
micrometastatic disease at diagnosis grows so slowly that clinical manifestation of DM takes
10 years or more to become apparent. This mechanism is not likely to be dominant, considering
the following results. First, Coen et al3 showed that late DM are more pronounced in prostate
cancer patients with local failure after RT. More importantly, those who remained controlled
locally had a decreasing risk of DM over time, with no late wave. Second, if local persistence
is the primary contributor to the late wave, then RT dose escalation should reduce late DM.
Although the randomized dose escalation trials have not demonstrated a significant effect on
DM, these trials did not have sufficient follow-up past 8 years, when the late wave occurs.18,
31, 32 The last report of the M.D. Anderson trial18 showed a borderline trend for DM reduction
(P=.056; median follow-up 5 years) and a more recent preliminary analysis with longer follow-
up (median follow-up 8.7 years) more conclusively demonstrates that higher RT dose reduces
DM.33 They observed a significantly lower DM rate (4%) after 78 Gy, compared to after 70
Gy (17%). These results indicate that the local control benefit of RT dose escalation translates
into a reduction in DM with sufficient follow-up. Lastly, local persistence as a mechanism for
late BF and DM after RT is suggested by the success of local salvage therapy, including
prostatectomy,34 brachytherapy,35 and cryosurgery.36 These treatments are most effective in
men who develop a rising PSA after RT for low risk disease.

Our results are also concordant with the findings of observational studies. Albertsen et al37
have documented how the natural history of prostate cancer is influenced by Gleason score,
with lower Gleason scores of 2–6 demonstrating indolent progression with cause-specific
mortality rates of 7–27% over 20-years. The isolated late wave of DM observed in low risk
patients in the current study suggests that tumor cells were left behind after RT, and the potential
progression to DM takes many years, reflecting the natural history of the disease.
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Figure 1 illustrates the problem of backdating of BF using the ASTRO definition. Under these
conditions, late biochemical failures are nearly absent, suggesting that almost all of the failures
occurred early. This artifact of the ASTRO BF definition has previously been interpreted as
suggesting prostate cancer cure.38 In contrast, the interval hazard function for BF using the
Nadir+2 definition is spread more evenly over the study period because failure is specified at
the call date. The Nadir+2 definition is more appropriate for examining the timing of BF.

In contrast to the results in low risk patients, each wave of DM in intermediate-to-high risk
patients was not immediately preceded by a wave of BF. The Nadir+2 BF hazard function was
not biphasic. Among intermediate risk tumors, the hazard of Nadir+2 BF continued to rise over
time, suggesting that local persistence of disease continues to declare itself even 10 years after
RT. This late rise in the Nadir+2 BF suggests that RT may be postponing, rather than truly
eliminating, the risk of late DM beyond the follow-up period in some patients. In high risk
patients, Nadir+2 BF was relatively high from the outset, peaked at 4–6 years and then appeared
to decline. These data suggest that locally persistent high risk disease declares itself earlier
than for intermediate risk disease. This shorter latency and higher propensity for BF and DM
reflect the more aggressive biology of these tumors.

Several potential confounding factors exist due to the retrospective design of this study. It is
well established that androgen deprivation therapy delays the time to DM. Neoadjuvant/
adjuvant AD of <6 months duration was administered in 5%, 8%, and 25% of the low,
intermediate and high risk groups, respectively. This introduces a bias toward delayed failure
in the high risk group, which we attempted to lessen by measuring the time to BF and DM
from the end of AD in these patients. Despite this bias, failures generally occurred at earlier
time intervals in the high risk group. When patients who received neoadjuvant/adjuvant AD
were excluded from the DM hazard analysis, the late wave of DM in the high risk group peaked
earlier in the 8–12 year time interval (Figure 3). Otherwise there were no notable differences
in the timing of DM in any risk group.

Salvage AD is another confounding factor. If AD is initiated after a diagnosis of DM has been
established, then our analysis would not be affected. However, 163 (9%) of the study patients
received salvage AD for a rising PSA, at a time when they had no evidence of DM. A higher
percentage of patients in the high risk group received this treatment (21% versus 4–7% in the
lower risk groups, Table 2); but nevertheless had higher DM rates over the follow-up period.
Although, there was a slight follow-up bias favoring the lower risk groups (median follow-up
65 months vs 79 months in the high risk group), DMs were generally seen earlier in the higher
risk group.

In conclusion, analysis of the interval hazard function for BF and DM in discrete 2-year time
intervals following RT provides unique insight into the mechanisms of progression to BF and
DM in low, intermediate and high risk prostate cancers. The data indicate that intermediate
and high risk patients have a greater risk of occult micrometastasis, manifested by an early
wave of DM, as compared to low risk patients (absence of an early wave). Early DM appear
to translate into increased CSM after a lag time of about 5–8 years. The late DM data, combined
with the timing of Nadir+2 BF, suggest that local disease in the prostate remains a problem in
some patients after RT, even among low risk patients. RT dose escalation would be expected
to reduce local persistence and consequently late DM in all risk groups, but follow-up of greater
than 10 years would be required to fully appreciate this benefit.
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FIGURE 1.
Interval hazard rates for biochemical failure during 2-year time intervals after radiotherapy,
according to the ASTRO definition (3 consecutive rises in PSA, backdated)8 and the Nadir+2
definition (PSA ≥ nadir + 2 ng/mL).9-14
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FIGURE 2.
Interval hazard rates for distant metastasis during 2-year time intervals after radiotherapy.

Morgan et al. Page 11

Cancer. Author manuscript; available in PMC 2007 August 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FIGURE 3.
Interval hazard rates for distant metastasis during 2-year time intervals after radiotherapy alone,
excluding patients who received neoadjuvant/adjuvant androgen deprivation (AD).
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FIGURE 4.
Interval hazard rates for overall mortality (OM) and cause specific mortality (CSM) during 2-
year time intervals after radiotherapy.
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TABLE 1
Patient characteristics according to risk group*

Characteristic Low risk (n=766) Intermediate risk (n=677) High risk (n=390)

Age, years
 Median (range) 68 (43–84) 69 (45–86) 69 (43–89)
T-category
 T1–T2 766 (100%) 677 (100%) 252 (65%)
 T3–T4 0 (0%) 0 (0%) 138 (35%)
iPSA, ng/mL
 <10 766 (100%) 235 (35%) 86 (22%)
 10-<20 0 (0%) 442 (65%) 53 (14%)
 ≥20 0 (0%) 0 (0%) 251 (64%)
Gleason score
 2–6 766 (100%) 331 (49%) 199 (51%)
 7 0 (0%) 346 (51%) 112 (29%)
 8–10 0 (0%) 0 (0%) 79 (20%)
RT dose, gray
 <74 339 (44%) 177 (26%) 152 (39%)
 74-<76 347 (45%) 211 (31%) 147 (38%)
 ≥76 80 (10%) 289 (43%) 91 (23%)
RT dose, gray
 Mean 74 77 75
 Median (range) 76 (65–82) 76 (67–82) 76 (51–82)
Neoadjuvant/adjuvant androgen
deprivation, duration 0–6 months

41 (5%) 57 (8%) 96 (25%)

Follow-up, months
 Median (range) 65 (5–206) 65 (4–185) 79 (4–174)

RT indicates radiotherapy; iPSA, initial pretreatment prostate specific antigen level.

*
Every patient characteristic listed had P<0.05 when comparing all three risk groups.
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TABLE 2
Biochemical failure, distant metastasis, salvage androgen deprivation, and mortality by risk group

Event type Low risk (n=766) Intermediate risk (n=677) High risk (n=390)

ASTRO biochemical failurea
 Crude rate (no.) 14% (104) 24% (161) 47% (182)
 5-year actuarial 16% 28% 54%
 10-year actuarial 20% 36% 61%
Nadir+2 biochemical failureb
 Crude rate (no.) 11% (85) 21% (140) 44% (171)
 5-year actuarial 9% 18% 43%
 10-year actuarial 25% 48% 67%
Distant metastasis
 Crude rate (no.) 2% (12) 5% (32) 11% (43)
 5-year actuarial 1% 4% 8%
 10-year actuarial 2% 9% 16%
Salvage androgen deprivation
 Crude rate (no.) 5% (36) 1% 10% (70) 27% (104)
 Initiated after DM diagnosed (4) 3% (21) 6% (22)
 Initiated for rising PSA develop
subsequent DM

4% (32) 7% (49) 21% (82)

1% (6) 1% (8) 5% (19)
Overall mortality,
 Crude rate (no.) 15% (118) 20% (137) 38% (149)
 5-year actuarial 8% 11% 17%
 10-year actuarial 30% 33% 50%
Cause specific mortality
 Crude rate (no.) 1% (6) 2% (12) 7% (29)
 5-year actuarial 1% 1% 4%
 10-year actuarial 1% 3% 11%

ASTRO indicates American Society of Therapeutic Radiology and Oncology; BF, biochemical failure; DM, distant metastasis; PSA, prostate-specific
antigen.

P<.0001 for differences among risk groups in every category above.

a
ASTRO definition of biochemical failure: 3 consecutive rises in PSA, with backdating to midpoint between nadir and the first rise.8

b
Nadir+2 definition of biochemical failure: PSA ≥ nadir + 2.0 ng/mL.10-14
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TABLE 3
Univariate analyses of potential predictors of biochemical failure and distant metastasis

Biochemical failure Distant metastasis

ASTROa Nadir+2b

Covariate No. of men (5-year) P (5-Year) P (5-Year) P

Age (years)
 ≤ 68 894 29% 20% 4%
 >68 939 29% .9501 20% .8251 3% .2034
T-category
 T1–T2 1695 26% 18% 3%
 T3–T4 138 58% <.0001 45% <.0001 12% <.0001
Gleason score
 2–6 1296 25% 16% 2%
 7 458 39% 28% 7%
 8–10 79 41% <.0001 44% <.0001 11% <.0001
iPSA (ng/mL)
 <10 1087 25% 13% 2%
 10-<20 495 29% 20% 4%
 ≥20 251 61% <.0001 48% <.0001 8% <.0001
Neoadjuvant/adjuvant AD
 No 1639 27% 20% 4%
 Yes 194 43% <.0001 23% <.0001 4% .5193
RT dose (Gy)
 <74 668 37% 24% 5%
 74-<76 705 26% 20% 3%
 ≥76 460 20% <.0001 15% .0523 3% .2917

ASTRO indicates American Society of Therapeutic Radiology and Oncology; iPSA, initial pretreatment prostate-specific antigen level; AD, androgen
deprivation; RT, radiotherapy; Gy, Gray.

a
ASTRO definition of biochemical failure: 3 consecutive rises in PSA, with BF backdated to midpoint between nadir and the first rise.8

b
Nadir+2 definition of biochemical failure: PSA ≥ nadir + 2ng/mL.11-14
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TABLE 4
Multivariate analyses of potential predictors of biochemical failure and distant metastasis*

Biochemical failure Distant metastasis

ASTROa Nadir+2b

Covariate† HR (95% CI) P HR (95% CI) P HR (95% CI) P

All patients
 Risk group 1.80 (1.55–2.08) <.0001 1.71 (1.46–2.00) <.0001
 T-stage 2.16 (1.30–3.61) .003
 Gleason score 1.38 (1.12–1.71) .002 1.61 (1.29–2.01) <.0001 3.39 (2.18–5.26) <.0001
 iPSA 1.01 (1.01–1.02) <.0001 1.01 (1.01–1.02) <.0001 1.02 (1.01–1.02) <.0001
 Conformal RT 0.68 (0.48–0.94) .02
 RT dose 0.91 (0.89–0.93) <.0001 0.95 (0.92–0.97) <.0001 0.94 (0.89–0.99) .025

Low risk
 Age 0.96 (0.93–1.00) .03 No covariate met the P<.05 requirement

for DM in the low risk group iPSA 1.12 (1.01–1.23) .03 1.23 (1.10–1.38) .0004
 RT dose 0.93 (0.87–0.99) .03

Intermediate risk
 Gleason score 5.08 (2.24–11.52) <.0001
 iPSA 1.10 (1.02–1.20) .018
 RT dose 0.91 (0.88–0.94) <.0001 0.95 (0.91–0.98) .008 0.91 (0.83–0.996) .041

High risk
 T-stage 2.02 (1.09–3.75) .025
 Gleason score 1.73 (1.27–2.35) .0005 2.07 (1.12–3.86) .021
 iPSA 1.01 (1.01–1.02) <.0001 1.01 (1.01–1.02) <.0001 1.01 (1.00–1.02) .003
 Conformal RT 0.58 (0.38–0.88) .01
 RT dose 0.92 (0.89–0.95) <.0001 0.95 (0.92–0.99) .007

ASTRO indicates American Society of Therapeutic Radiology and Oncology; HR, hazard ratio; CI, confidence interval; iPSA, initial pretreatment prostate-
specific antigen level; RT, radiotherapy.

*
Only variables with P<.05 are listed.

†
Four MVAs are shown: all patients, low, intermediate and high risk patients.

a
ASTRO definition of biochemical failure: 3 consecutive rises in PSA, with BF backdated to midpoint between nadir and the first rise.8

b
Nadir+2 definition of biochemical failure: PSA ≥ nadir + 2ng/mL.11-14
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