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Abstract

PURPOSE—Men with Gleason score (GS) 8-10 prostate cancer (PCa) are assumed to have a
very high risk of micrometastatic disease at presentation. However, local failure is also a major
problem. We sought to establish the importance of more aggressive local radiotherapy to >80 Gy.

METHODS—There were 226 men treated consecutively with RT £ ADT from 1988 to 2002 for
GS 8-10 PCa. Conventional, 3D conformal, or intensity-modulated (IM) RT was used. Radiation
dose was divided into three groups: 1: <75 Gy (n=50); 2: 75-79.9 Gy (n=60); or 3: =80 Gy
(n=116). The endpoints examined included biochemical failure (BF; nadir+2 definition), distant
metastasis (DM), cause specific mortality (CSM) and overall mortality (OM).

RESULTS—Median follow-up was 66, 71, and 58 months for groups 1, 2 and 3. On Fine and
Gray’s competing risk regression analysis, significant predictors of reduced BF were RT dose =80
Gy (p=0.011) and ADT duration =24 months (p=0.033). In a similar model of DM, only RT dose
= 80 Gy was significant (p=0.007). On Cox regression analysis, significant predictors of reduced
OM were RT dose = 80 Gy (p=0.035) and T-category (T3/4 vs. T1, p=0.041). Dose was not a
significant determinant of CSM. Results for RT dose were similar in a model with RT dose and
ADT duration as continuous variables.

CONCLUSION—The results indicate that RT dose escalation to =80 Gy is associated with lower
risks of BF, DM, and OM in men with GS 8-10 PCa, independently of ADT.
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Introduction

Methods

Men diagnosed with Gleason Score (GS) 8-10 prostate cancer are considered to be at high
risk for radiotherapy treatment failure because many are presumed to have occult
micrometastatic disease at presentation. Although some gains have been realized with
radiotherapy (RT) dose escalation, the results in this population are relatively poorly
defined. We hypothesized that local persistence remains a significant concern, even in the
setting of RT combined with androgen deprivation therapy (ADT), and that greater gains
would be realized by increasing radiation doses to =80 Gy.

Several randomized trials have shown a modest benefit with dose escalated RT to doses
approaching, but below, 80 Gy (1-4). None of these studies examined RT doses above 80
Gy, and included at most 101 patients with diagnostic biopsy GS 8-10 disease.

The addition of long term ADT to standard dose RT in the treatment of men with high-risk
prostate cancer has become the standard of care based on several Phase 11l randomized
studies from the Radiation Therapy Oncology Group (RTOG) and the European
Organization for Research and Treatment of Cancer (EORTC). In RTOG 92-02, which
compared short term ADT to long term ADT + standard dose RT, an overall survival
difference was not seen, but a subgroup analysis showed a benefit for long term ADT+RT in
men who had GS 8-10 disease (5). However, the 10 yr biochemical failure (BF) rates were
quite high with long term ADT + RT, at 56%. An EORTC trial suggested that short term
ADT was associated with inferior survival compared to long term ADT + standard dose RT
for locally advanced prostate cancer (6). In this trial, the rates of BF for men with GS 8-10
were not specifically reported.

A key clinical question confronted by radiation oncologists on a routine basis is whether to
use dose-escalated RT with ADT in men with GS 8-10 disease. What is not known is
whether the beneficial effect of long term ADT + RT is due to local or distant effects. If long
term ADT acts to reduce local persistence of disease, it is possible that higher doses of
radiation may be of little added benefit, but could reduce the length of ADT needed to
achieve optimal results. Alternatively, more intense local therapy might further improve the
results achieved with long term ADT.

Although there is some evidence from randomized trials that higher RT doses do improve
patient outcome in the setting of ADT (4, 5), no Phase 111 study has examined RT dose
escalation to =80 Gy with long term ADT. Because the population studied here includes
patients treated to these high RT doses, the analysis affords a unique insight into the impact
of aggressive local therapy on prostate cancer patients with high grade disease. The purpose
was to evaluate the benefit of RT to =80 Gy in men with GS 8-10 prostate cancer, with and
without ADT for varying periods of time.

From June 1988 to December 2002, 226 patients were treated consecutively for T1-T4/Tx,
NO/NX, MO GS 8-10 prostate cancer using conventionally fractionated external beam RT at
Fox Chase Cancer Center, as per the 2002 AJCC staging guidelines (7). T-category was
based on digital rectal exam. If ADT was started prior to the exam, our policy was to score
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this as Tx. While all study patients had to have a recorded pretreatment initial PSA (iPSA),
no exclusions were made with regard to iPSA level. All outside pathology slides were
centrally reviewed at Fox Chase Cancer Center.

The conventional and 3D conformal treatment techniques have been previously described
(8, 9). Patients received 46-50 Gy to a small pelvis field, followed by a conformal boost to
the prostate and seminal vesicles in 2.0 Gy fractions. Typical small pelvis 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 pelvic fields were shaped only by corner blocks and were
delivered with 2-field, 3-field, or 4-field beam arrangements. 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
prescribed to the 95% isodose line of the beam arrangements. As recommended by the
International Commission on Radiation Units and Measurements (ICRU), radiation dose is
reported here as the dose delivered to isocenter (10). The ICRU dose was 0.7% to 7.5%
(median 5.3%) of the prescribed dose.

The IMRT technique used has also been described previously (11). The primary clinical
target volume (CTV1) included the prostate and any extraprostatic extension and the
proximal seminal vesicles, defined as the most proximal 9-10 mm of seminal vesicles.
Structures included in the CTV2 included the distal seminal vesicles and the CTV3
comprised the periprostatic, periseminal vesicle, external iliac, obturator, and internal iliac
lymph nodes. The PTV1, PTV2, and PTV3 margins were 8 mm in all dimensions except
posteriorly, in which the margin was 5 mm. PTV1 was planned to receive = 95% of the
prescription dose, and PTV2 and PTV3 were planned to receive =95% of 56 Gy over the full
treatment course. The mean PTV dose for IMRT was used in the MVAs because there is
greater heterogeneity (usually greater than 10%) for IMRT (12), overall median and mean
doses are similar (13), and mean doses have been used as a descriptor in the past by our
group and others (14, 15). In our series, isocenter dose was 8.2% to 21% (median of 16.9%)
above the prescribed dose, whereas the mean PTV dose was a median of 5.7% above the
prescribed dose.

Image guidance was started in 1998 using the BAT® (Best NOMOS, Pittsburgh, PA)
ultrasound system, initially for the cone downs and later for all treatments starting in 2000.
Weekly port films were also taken using megavoltage photons for quality assurance
purposes. Fiducial markers, e.g. gold seeds in the prostate, were not in use during the study
period. IMRT was utilized for all patients for the full duration of treatment starting in 2001.
High doses of RT were used prior to the availability of image guidance, with some patients
receiving up to 80 Gy at the isocenter using crossfire 3D conformal techniques to spare the
normal tissues.

Routine patient follow-up included a DRE and PSA at 3 months post-RT and at 6-12-month
intervals thereafter. The Phoenix (PSA nadir + 2.0 ng/mL) definition was used to define BF
(16, 17). Late gastrointestinal (GI) and genitourinary (GU) toxicity were scored at each
follow up using a modified RTOG/LENT toxicity grading system, which has been published
in detail previously (18).

Radiation dose was reported as isocenter dose for conformal and conventional techniques
and mean PTV dose for IMRT for dose comparisons. of the mean dose for IMRT was used
because of greater inhomogeneity (usually greater than 10%); neither the prescribed dose,
nor the isocenter dose, was representative of the delivered dose to the PTV (12). The mean
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PTV dose has been recommended by the IMRT Collaborative Working Group to
approximate the delivered dose (19).

Dose groups of < 75 Gy, 75-79.9 Gy, and =80 Gy were determined prior to the analyses. We
chose =80 Gy as the highest dose group because we were interested in the question of dose
escalation above what was used in the randomized trials and because 80 Gy is the prescribed
dose currently used for patients at Fox Chase Cancer Center and the University of Miami.
We chose a second cutpoint of 75 Gy to establish two lower dose groups for comparison that
were even in size, based on the distribution of doses used in this patient cohort (see Figure
1).

Differences in patient characteristics by dose were determined using Fisher’s exact test for
categorical variables and the Kruskal-Wallis test for comparing medians of continuous
variables. Primary endpoints were time until BF, distant metastasis (DM), cause specific
mortality (CSM) and overall mortality (OM). For OM, cumulative incidence for each dose
group was estimated using the Kaplan-Meier method (20); these “one minus survival”
curves were compared using the log-rank test. For BF, DM, CSM and toxicity, cumulative
incidence was estimated using the competing risk method (21), adjusting for death as a
competing risk. This method, used for the non-death endpoints, takes into account that
patients who die are no longer at risk for the endpoint. Cumulative incidence curves by dose
were compared using Gray’s test (21). Competing risks proportional hazards regression
models (22) were used for BF, DM, and CSM, and Cox proportional hazards models (23)
were used for OM to assess the independence of RT dose when considered with the other
covariates. Two multivariable (MVA) risk models were considered; the first included dose
as a categorical variable (dose: <75, 75-79.9, and =80 Gy and all other covariates as
categorical variables including T-category (T1, T2, T3/4, and TX), RT technique
(conventional, 3D-conformal and IMRT), ADT duration: none, <6, 6-<24, and =24 months),
age (four 10-year age groups), and iPSA (<10, 10-<20, and >20 ng/mL). The second MVA
included dose, PSA, age and initial ADT duration as continuous variables. Analyses were
done in SAS (version 9.1), Stata (version 10.0) and R (version 2.5.1).

For the overall mortality endpoint, the study had 80% power to detect a hazard ratio of 0.46
or less for =80 Gy vs <75 Gy groups, and a hazard ratio of 0.41 for 75-79 vs <75 Gy. These
estimates assumed a two-sided test with 1.7% type | error (Bonferroni correction applied),
adjusting for correlation of dose with other covariates. For the BF, DM, and CSM endpoints,
we are not aware of sample size formulae for Fine and Gray’s model. However, the required
sample size is likely similar to that needed for a Cox regression. The detectable
subdistribution hazard ratios for BF and DM would likely be more pronounced in absolute
magnitude (smaller hazard ratios) since we observed fewer events than we observed for the
overall mortality analysis.

Median age was 70.8 years for the 226 assessable patients. Table 1 shows patient
characteristics by dose group. Although RT dose generally increased over time, there was
considerable overlap. Patients in the <75 Gy dose group were treated between 1988 and
1999, the 75 to 79.9 Gy group between 1992 and 2002, and the =80 Gy group between 1997
and 2002 (Table 2). Androgen deprivation therapy was used in a greater percentage and for
longer time periods in the >80 Gy group. Most patients (215/226 or 95%) were either GS 8
or GS 9. The distribution of GS significantly differed by RT dose group. For example, there
was a higher proportion of GS 8 in the =80 Gy dose group. Figure 1 further breaks down the
various RT doses used over the entire study period and the number of patients at these dose
levels.
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There were 52 biochemical failures, 21 distant metastases, 15 deaths attributable to prostate
cancer and 65 deaths from any cause. Higher RT dose was associated with significantly
lower risks of BF, DM and OM on univariate analysis, but not CSM (Figure 2). By dose
group (1: <75 Gy, 2: 75-79.9 Gy and 3: =80 Gy), the 7-year BF estimates were 45% (95%
Cl1=30-58%), 38% (24-51%), and 12% (6-22%) (p<0.001). The 7-year estimates of DM
were 25% (14-38%), 10% (4-20%), and 3% (1-7%) for groups 1, 2 and 3 (p<0.001). The 7-
year estimates of CSM were 13% (5-24%), 7% (2-18%), and 4% (1-10%). The 7-year
estimates of OM were 49% (34-63%), 34% (20-48%) and 17% (8-28%) for groups 1, 2 and
3 (p<0.001).

A landmark analysis was performed to look at time to event from the end of therapy (either
end of RT or end of initial ADT), because of the potential bias for different lengths of ADT,
for patients who were event free at the end of therapy with follow-up beyond therapy. The
median follow-up for the landmark analysis, starting at the end of therapy, was 59.5 months
for those who received < 75 Gy, 60.0 months for 75-79.9 Gy, and 33.4 months for 80+ Gy,
(p<0.0001, Kruskal-Wallis test). In the landmark analysis, cumulative incidence for BF,
DM, and CSM was estimated using the competing risk method, using R version 2.5.1 (24),
and the curves compared using Gray’s test. For BF, the p-value was 0.0001; for DM,
p=0.0026, and for CSM, p=0.4 (Supplemental Figure 3). However, there were only 15 CSM
events. For overall mortality, the log rank p-value from Kaplan Meier analysis was 0.0071.
The curves are shown in supplemental Figure 3. The landmark analysis results were similar
to when the time to event was calculated from the start of radiotherapy.

Radiation dose retained significance in the MVVA models for BF, DM and OM using ADT
duration and RT dose as categorical or continuous variables (Tables 3 and 4). In the
categorical model, significant predictors of reduced BF were RT dose =80 Gy (vs. <75Gy,
p=0.011) and ADT duration =24 months (vs. none, p=0.033). There was a trend for higher
BF with iPSA =20 (vs. PSA<10, p=0.084) and T3/T4 category (vs. T1, p=0.079). In the
continuous model, higher RT dose (p<0.001) and T3/T4 category (vs. T1 p=0.035) were
significant predictors of BF, and there was a trend for iPSA (p=0.053) and ADT duration
(p=0.058). The only significant correlate of reduced DM was RT dose =80 Gy (p=0.007 in
the categorical model and p<0.001 in the continuous model). In the categorical model, RT
dose =80 Gy (p=0.035) and T3/T4-category (p=0.041) were significant predictors of OM,
and there was a trend for age 70-79 (vs. age 40-59, p=0.078). In the continuous model,
higher RT dose (p=0.033) and lower age (p=0.002) were significant predictors of reduced
OM, and there were trends for greater mortality with higher iPSA (p=0.092) and T3/T4
category (vs. T1, p=0.055). The findings in the landmark analysis were concordant, with RT
dose being significant in the categorical and continuous models for BF, DM and OM, but
not CSM.

The treatment was well tolerated. There were a total of 21 late Gl and 12 late GU grade =2
toxicities overall. Actuarial 7 yr late Gl grade =2 toxicity rates (with 95% confidence
intervals) for the <75 Gy, 75-79.9 Gy and =80 Gy groups were 12% (5-23%), 12%(5-21%),
and 7% (3-13%), respectively (p=0.449). Actuarial 7-year late GU grade =2 toxicity rates
were 8% (3-18%), 7% (2-15%), and 4% (1-8%), respectively, for the same dose groups
(p=0.482).

Discussion

There is no level | evidence that addresses the question of whether high risk prostate cancer
patients with GS 8-10 disease benefit from dose escalation, especially when ADT is
administered concurrently. Two randomized studies examined RT dose escalation to <80 Gy
without ADT. One phase 111 study at MDACC (1) ,suggested that the benefit of 78 Gy over

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2013 November 14.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Pahlajani et al.

Page 6

70 Gy was most notable in patients with a PSA>10. However, this study did not evaluate the
effect by GS. A randomized study by Zietman et al (2) comparing 70.2 Gy vs. 79.2 Gy with
RT alone showed a benefit to dose escalation in a mixed group of patients in whom 33 had
GS 8-10 disease; there were too few high grade patients to evaluate separately.

Our findings are the first to report that RT doses =80 Gy in GS 8-10 patients result in
significant gains for BF, DM and OM. On multivariable analysis, RT dose was independent
of patient age, iPSA, T-category, ADT duration, and RT technique. RT dose as a categorical
or continuous covariate was the most significant determinant of BF and DM, and was also
an independent determinant of OM.

Previous studies have evaluated dose escalation in patients with GS 8-10 disease. A study by
Fiveash et al examined outcome in 180 patients with GS 8-10 prostate cancer (25). Dose
escalation to >70 Gy predicted biochemical control in T1-T2 patients, but not T3-T4
patients. Another study by Roach et al found that among 50 patients with GS 8-10, RT dose
>71 Gy was associated with better disease free survival (26). These studies did not evaluate
the impact of doses = 80 Gy. Although not specifically focusing on Gleason 8-10 disease,
the Memorial Sloan-Kettering dose escalation series reported by Zelefsky et al (27)
demonstrated that men with high risk prostate cancer experience a substantial improvement
in BF and DM rates when RT doses =80 Gy were used.

We did not specifically examine local control as an endpoint because, unless routine prostate
biopsies are performed at 2-3 years post-RT, it is not possible to know the true extent of
local tumor persistence. As we and others have shown (28-30) local persistence is strongly
related to clinical failure ultimately. An indirect measure of local control is the long term
effects of RT dose escalation on BF and DM.

Our results indicate a continued pronounced benefit of higher RT doses, most notably at 80
Gy and above. Given that the DM rates for men with prostate cancer are low overall, there
has been some debate over whether the risk of potential side effects from RT dose escalation
are worth the gains in tumor control (31). The gains we observed here were not at the
expense of greater GU or GI morbidity. Moreover, for men with GS 8-10 disease, the
progression from local to distant disease is pronounced. As shown in Figure 1, the 7 year
DM rates were 25% for <75 Gy, 10% for 75-80 Gy and 3% for >80 Gy. Of note, there were
no DM failures beyond 3 years for the >80 Gy patients and none beyond 4 years in the
75-79 Gy patients, whereas there was no flattening of the DM curve for the <75 Gy patients.
There appear to be clinically meaningful incremental gains by increasing radiation dose to
>80 Gy. The more frequent use of ADT in the high dose group may have contributed to
these findings; however, a landmark analysis from the end of all therapy revealed the same
outcome patterns. At radiation dose =80 Gy, lower incidence of DM was observed, as well
as lower OM, but there was no significant difference in CSM. One factor that could have
contributed to the OM difference is an imbalance of cormorbid conditions. Another possible
explanation is that we did not capture every death due to prostate cancer in this chart review.
The full impact of RT dose on these endpoints may become more obvious as the data further
mature.

As mentioned above, the gains observed were without increases in toxicity. One might
expect greater toxicity at higher doses. However, our data suggest that by reducing exposure
of the normal tissues with 3DCRT and IMRT, improved sparing of the critical structures
was possible without sacrificing tumor control probability. Of note, about 30% of the
patients in the = 80 Gy group were treated with IMRT as opposed to 0% and 3% in the <75
Gy and 75-79.9 Gy groups, respectively. Additional supporting data comes from the
experience at Memorial Sloan-Kettering (32). These investigators have reported that 10 yr
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grade 2 or higher Gl toxicity was significantly lower in the patients treated with IMRT
compared to those receiving 3DCRT (5% vs. 13%, respectively, p<0.001). The Gl toxicity
rates they observed are consistent with ours.

The results presented suggest contemporary GS 8-10 patients have a local control problem
and are without subclinical distant metastasis at presentation. Knowing that GS 8-10 has a
greater propensity for distant spread when not initially controlled provides a convincing
rationale for RT dose escalation to ensure complete tumor eradication.

A caveat to our study is that the analysis assumes consistent pathologic grading over the
study period, and therefore that patients with high GS have the same level of biological
aggressiveness. However, a Gleason score shift has been documented by our group (33). As
described in the results section and in Table 2, RT dose increased over time and was highly
correlated with year of treatment, even though there was some overlap in the dose groups.
When year of treatment was included in the multivariate, neither this covariate or RT dose
came out as being significant.

There are obvious imbalances in the dose groups that could have contributed to the finding
that RT dose affects the endpoints tested. In particular, there were differences in ADT
duration, as well as differences in T-category, PSA, and RT technique. The regression
analyses are designed to account for these biases, but are not perfect. While there are
differences in follow-up, the lowest dose group did not have the longest follow-up (Table 2).
We also looked at the effect of GS 8 vs. higher GS (data not shown), and found that neither
was this variable significant in the MVA, nor did it affect the result that dose was a
significant predictor of outcome.

The other aim of our study was to determine the impact of dose escalated RT in men with
Gleason 8-10, who were often treated with ADT. The effect of =80 Gy in patients treated
with ADT for GS 8-10 disease is unknown. Two randomized studies evaluated dose
escalation to <80 Gy, in which neoadjuvant/adjuvant ADT was allowed. A Dutch
randomized study, comparing 78 Gy vs. 68 found a significant benefit in BF at the higher
dose despite the use of ADT (3). However, in a post-hoc analysis by risk group, a significant
benefit was seen only in those patients with intermediate risk disease. Since ADT was given
at the discretion of the treating physician, unaccounted for biases may have had an influence
on the results seen. An MRC study in which all patients received short term neodjuvant and
concurrent ADT, found a significant reduction in failure for high-risk patients treated to
higher RT doses (74 Gy vs 64 Gy), including 96 patients with GS 8-10. However, even the
higher dose of 74 Gy used in their study falls within the range of the low dose group in our
study.

Several randomized studies have shown an improvement in survival with long term ADT (5,
6, 34). Thus, the standard of care has arguably been to use ADT in all patients with Gleason
8-10 disease. The results presented here indicate that RT dose may be an important adjunct;
but, in order to see the maximum effect, RT doses =80 Gy appear to be needed. In the
MVAs, RT dose was a significant determinant of BF, DM and OM. We conclude that RT
doses of 280 Gy and ADT should be considered in men with GS 8-10 disease and that
clinical trials addressing RT dose escalation and ADT should be high a priority.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Radiation dose histogram. The doses used and their frequency by year of treatment are
represented in this bar graph. For example, the 80 Gy bar represents the number of patients

treated with 80-80.9 Gy.
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Patient outcome by dose group. The cumulative incidence curves by dose group are shown
for BF (A), DM (B), and CSM (C) using the competing risks method, and for OM (D) using
the Kaplan Meier approach. A significant association is noted with higher RT dose and
better outcome for BF (p<0.001), DM (p<0.001), and OM (p<0.001). For CSM, results were
not significant (p=0.387).
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Table 1
Patient Characteristics by Dose Group.
<75Qy 75-79.9 Gy >80 Gy p-value
Number of Patients 50 60 116
T-category
T1 8 (16) 7(12) 31(27) 0.017
T2 23 (46) 33 (55) 45 (39)
T3/T4 18 (36) 12 (20) 26 (22)
X 1(2) 8(13) 14(12)
Initial PSA (ng/mL)
<10 15 (30) 24 (40) 56 (48) 0.043
10-<20 16 (32) 18 (30) 40 (35)
220 19 (38) 18 (30) 20 (17)
Gleason Score
8 34 (68) 37 (62) 99 (85) 0.003
9 12 (24) 20 (33) 13 (12)
10 4(8) 3(5) 4(3)
Received ADT 27 (54) 39 (65) 100 (86)  <0.001
ADT Duration, months 12,0 22.2 280 0.002
RT Technique
Conventional 8 (16) 0(0) 0(0) <0.001
3D Conformal 42 (84) 58 (97) 81 (70)
IMRT 0(0) 2(3) 35 (30)
o Q?;a 3{?;:; 0 73 (55-89) 68 (54-82)  71(41-86)  0.141
Forn”g(\jliv;ﬂp('r;?\%gt)hs (11.2%3.5) 70.9(9.9-126.3) (4.95-21;'515.9) 0.002

Page 13

Table values are number of patients (percent of dose group) unless otherwise noted. Abbreviations: Gray (Gy), palpation tumor category (T-

category), prostate specific antigen (PSA), androgen deprivation therapy (ADT), radiation therapy (RT), intensity modulated RT (IMRT).
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