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Purpose: To update the analysis of the Dutch dose-escalation trial of radiotherapy for prostate cancer.
Patients and Methods: A total of 669 patients with localized prostate cancer were randomly assigned to receive 68
or 78 Gy. The patients were stratified by age, institution, use of neoadjuvant or adjuvant hormonal therapy, and
treatment group. The primary endpoint was freedom from failure (FFF), with failure defined as clinical or biochemical failure. Two definitions of biochemical failure were used: the American Society for Therapeutic Radiology and Oncology definition (three consecutive increases in prostate-specific antigen level) and the Phoenix
definition (nadir plus 2 mg/L). The secondary endpoints were freedom from clinical failure, overall survival,
and genitourinary and gastrointestinal toxicity.
Results: After a median follow-up of 70 months, the FFF using the American Society for Therapeutic Radiology
and Oncology definition was significantly better in the 78-Gy arm than in the 68-Gy arm (7-year FFF rate, 54% vs.
47%, respectively; p = 0.04). The FFF using the Phoenix definition was also significantly better in the 78-Gy arm
than in the 68-Gy arm (7-year FFF rate, 56% vs. 45%, respectively; p = 0.03). However, no differences in freedom
from clinical failure or overall survival were observed. The incidence of late Grade 2 or greater genitourinary toxicity was similar in both arms (40% and 41% at 7 years; p = 0.6). However, the cumulative incidence of late Grade 2
or greater gastrointestinal toxicity was increased in the 78-Gy arm compared with the 68-Gy arm (35% vs. 25% at
7 years; p = 0.04).
Conclusion: The results of our study have shown a statistically significant improvement in FFF in prostate cancer
patients treated with 78 Gy but with a greater rate of late gastrointestinal toxicity. Ó 2008 Elsevier Inc.
Prostate cancer, Randomized trial, External beam radiotherapy, Conformal, Dose escalation, Rectal toxicity.

INTRODUCTION

complications and possibly permitting safe dose escalation,
and thereby improve local control. Studies of dose escalation
with three-dimensional conformal RT have been initiated by
investigators in North America, the United Kingdom,
France, and The Netherlands (3–8). These studies have consistently showed an improvement in freedom from failure
(FFF), but no improvement in overall survival (OS), probably because of the competing risk of death from intercurrent
illnesses, the short follow-up period, or the of lack of statistical power in these studies.
Because of the increasing need for a good definition for
biochemical failure (BF) and recent publications demonstrating that the Phoenix definition (prostate-specific antigen
[PSA] nadir plus 2 mg/L after RT) is a better approximation

The incidence of prostate cancer is rapidly increasing in all
industrialized countries. External beam radiotherapy (RT)
is one of the options used to treat about 8,000 men diagnosed
with prostate cancer annually in The Netherlands. The need
for an increased radiation dose to greater than conventional
levels has been suggested from the dose–response observations by Perez et al. (1) and Hanks (2). The past few decades
have witnessed the development of new radiation techniques
such as three-dimensional conformal RT and intensity-modulated RT (IMRT). These advanced techniques can result in
improved conformality of high radiation dose levels to the
target volume while sparing normal tissues, reducing
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of eventual clinical failure (CF) (9–13) than the American
Society for Therapeutic Radiology and Oncology (ASTRO)
definition, we have compared the rate and pattern of failure
using both definitions.
In our first reported outcome results, our trial showed that
after a median follow-up of 51 months, a high radiation dose
(78 Gy) was beneficial in terms of FFF, without significant
differences in freedom from clinical failure (FFCF) or OS
(4). In this report, we present the results on outcome and toxicity of the more mature trial with a median follow-up of 70
months.
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risk, and patients with Stage T3-T4 or Gleason score 8–10 or PSA
level >20 mg/L were at high risk. All other patients were at intermediate risk.
Neoadjuvant or adjuvant HT was allowed and prescribed in two
institutions (n = 143), mostly to high-risk patients (n= 125) and
rarely to intermediate- or low-risk patients (n= 18). The use of
HT was well balanced between both treatment arms (Table 2). Institution A used long-term HT (3 years), and Institution B used
short-term HT (6 months). Androgen deprivation was achieved using 3-month depot injection of a luteinizing hormone-releasing hormone analog preceded by a short course of cyproterone acetate to
prevent testosterone flare.

Radiotherapy

PATIENTS AND METHODS
Study design
This Phase III multicenter randomized trial was designed to compare two different radiation doses delivered using conformal techniques for patients with localized prostate cancer and was
performed in four Dutch institutions.

Participants
Patients with histologically proven Stage T1a-T4 adenocarcinoma of the prostate with an initial PSA (iPSA) level of <60 mg/L
were eligible, provided they had no distant metastases and no cytologically or histologically proven positive regional lymph nodes.
However, patients with Stage T1a and well-differentiated (or Gleason score <5) Stage T1b-T1c with an iPSA #4 mg/L were not
included. Also, patients using anticoagulants, who had undergone
previous radical prostatectomy or pelvic RT, with previous malignant disease (other than basal cell carcinoma), and with a Karnofsky
performance score of #70 were excluded. The TNM classification
was done according to the American Joint Committee on Cancer
1997 guidelines. All participants provided written informed consent. This study entered 669 patients between June 1997 and February 2003. Patients were randomly assigned to receive either 68 or 78
Gy. Stratification was performed at randomization to ensure balanced groups. Patients were stratified by age (#70 vs. >70 years),
institution (A, B, C, or D), use of neoadjuvant or adjuvant hormonal
therapy (HT) (yes vs. no), and treatment group (1, 2, 3, or 4). Patients were stratified into four treatment groups, defined according
to the estimated risk of the seminal vesicle (SV) involvement, according to Partin et al. (14) (Table 1). Patients who belonged to treatment group 1 had an estimated risk of SV involvement of <10%,
those in group 2 had an estimated risk of 10–25%, and patients in
Groups 3 and 4 had an estimated risk of >25%.
Retrospectively, patients were also divided into three prognostic
risk groups (low, intermediate, and high risk) according to the single-factor model of Chism et al. (15). Patients with Stage T1-T2
and Gleason score 2-6 and PSA level of #10 mg/L were at low

Simulation and treatment were performed with the patient in the
supine position with a comfortably full bladder and without specific
immobilization. All patients underwent computed tomography
scanning of the pelvis in the treatment position. For both treatment
arms, the fraction size was 2 Gy prescribed to the isocenter (the International Commission on Radiation Units and Measurements reference point). The mean dose to the planning target volume (PTV)
was between –5% and +7% of the prescribed dose, and 99% of the
PTV received $95% of the prescribed dose. The rectum was defined
from the anal verge to the inferior border of the sacroiliac joints or to
the point at which the rectum was no longer close to the sacrum. The
percentage of the rectum receiving $74 Gy was limited to 40%, and
the small bowel dose was limited to #68 Gy. The PTV included the
prostate with or without the SVs as the clinical target volume (CTV),
with a margin of 10 mm during the first 68 Gy and 5 mm (except
toward the rectum for which it was 0 mm) for the last 10 Gy in
the high-dose arm. The CTV for Group 1 was defined as the prostate
only, and for Group 4, it was the prostate and SVs. For Groups 2 and
3, the CTV also included the prostate and SVs, but the SVs were
excluded from the CTV after 50 and 68 Gy, respectively.
Institutions A, B, and D used a three-field technique (n = 594) and
Institution C, a four-field technique (n = 70). For 41 patients in the
high-dose arm, an IMRT technique was used for the simultaneous
integrated boost in Institution B. For these patients, the boost was
irradiated to 78 Gy with a 2-Gy fraction size. The PTV minus the
boost region was defined by the 5–10-mm shell formed by the
PTV from which the boost region was subtracted. This shell was
irradiated to $95% of 68 Gy (or 64.6 Gy) in 39 fractions, resulting
in a dose per fraction in this shell of 1.9 Gy (95% of 2 Gy) to 1.66 Gy
(16).

Follow-up
All patients were scheduled to be seen every 3 months for the first
year, every 4 months for the second year, every 6 months for the next
3 years, and annually thereafter. The assessment of disease status
included history, clinical examination, and PSA measurement.

Table 1. Treatment group according to risk of involvement of seminal vesicles, as defined by Partin et al. (14)
Stage T2b–T3a* Stage T3b–T4*

Stage T1b, T1c, T2a*

Gleason score Differentiation PSA 0–4 mg/L PSA 4–10 mg/L PSA 10–20 mg/L PSA 20–60 mg/L PSA 0–60 mg/L PSA 0–60 mg/L
2–4
5–7
8–10

Good
Moderate
Poor

1
1
2

1
2
3

Abbreviation: PSA = prostate-specific antigen.
* According to American Joint Committee on Cancer 1997 guidelines.

1
2
3

2
3
3

3
3
3

4
4
4
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Table 2. Patient, tumor, and treatment characteristics
Characteristic

68-Gy arm
(n = 331)

78-Gy arm
(n = 333)

68.6
70.3

68.8
71
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Table 3. Cumulative incidence at 7 years (Kaplan-Meier
estimates) for all late GI and GU endpoints, including Grade
2 or greater toxicity indicators
Cumulative incidence at 7 y (%)

Mean age (y)
Median follow-up (mo)
Radiation dose (Gy)
68
68–76
78
Hormonal therapy (total)
Short term
Long term
Institution
A
B
C
D
Treatment group
1
2
3
4
Risk group
Low
Intermediate
High
Gleason score*
2–6
7
8–10
Tumor stage
T1
T2
T3
T4
PSA level (mg/L)
0–10
10–20
20–60

100
22
11
11

11
89
21
9
12

61
26
10
3

61
26
10
3

17
20
46
17

16
20
49
15

17
27
56

19
27
54

49
34
17

51
35
14

18
45
35
2

21
41
37
1

36
38
26

41
38
21

Abbreviation: PSA = prostate-specific antigen.
Data presented as percentages, unless noted otherwise.
* For 46 patients, Gleason score was not available and score was
assigned according to differentiation grade.

Toxicity
Late radiation side effects were assessed at each follow-up visit,
using patient questionnaires and slightly modified Radiation Therapy Oncology Group (RTOG)/European Organization for Research
and Treatment of Cancer scoring criteria (17). We also scored more
detailed gastrointestinal (GI) and genitourinary (GU) symptoms
(17), designated indicators for RTOG/EORTC Grade 2 or greater
toxicity (Table 3).

Endpoints
The primary endpoint was FFF, which was defined as BF or CF,
whichever was first. BF was defined according to the ASTRO definition of three consecutive increases in PSA level with backdating
to midway between the nadir and the first increase (18). Because of
concerns that backdating might influence the timing and degree of
BF (19), a second analysis was performed without backdating. In
addition to the ASTRO definition, we used the Phoenix definition
(increase of $2 mg/L greater than the PSA nadir after RT) (12).
CF was defined as local relapse (palpable and/or biopsy proven),

Endpoint

68 Gy

GI
RTOG/EORTC Grade $2
RTOG/EORTC Grade $3
Rectal bleeding
(laser/transfusion)
Fecal incontinence
(pads >2 d/wk)
High stool frequency ($6/d)
Steroids for proctitis
Pain/cramps/tenesmus
requiring medication
GU
RTOG/EORTC Grade $2
RTOG/EORTC Grade $3
Haematuria (laser/transfusion)
Urinary incontinence
(pads >2 d/wk)
High daytime urinary
frequency ($16)
Nocturia ($4)
Dysuria requiring medication
Urinary obstruction requiring
treatment

78 Gy

p

25
4
3

35
6
8

0.04*
0.3
0.01*

7

13

0.02*

7
5
9

10
6
13

0.2
0.5
0.3

41
12
0.7
7

40
13
0.4
7

0.6
0.6
0.5
0.9

6

5

0.9

26
12
8

30
16
11

0.2
0.3
0.2

Abbreviations: GI = gastrointestinal; GU = genitourinary; RTOG =
Radiation Therapy Oncology Group; EORTC = European Organization for Research and Treatment of Cancer.
* Statistically significant (log–rank test) difference (p <0.05).
regional relapse, distant metastases (DMs), or the initiation of salvage HT because of an increasing PSA level. The other endpoints
were OS and GI and GU toxicity. Cancer-related death was defined
as death from locoregional failure or DMs. All other causes of death
were considered as unrelated to prostate cancer.

Statistical analysis
We calculated the FFF, FFCF, and OS using the Kaplan-Meier
method, and the differences were assessed with the log–rank test.
To detect a clinically relevant difference of 10% in the primary endpoint (FFF), 600 patients were required with sufficiently long follow-up, using a two-sided test with a = 0.05 and power of 80%.
The analysis was done according to the intention-to-treat principle.
Multivariate analysis of prognostic factors was performed, using
Cox proportional hazards regression model, to analyze differences
between the two arms. All p values are based on two-sided tests,
with p < 0.05 considered statistically significant. Retrospectively,
we performed subgroup analyses according to risk group (15) and
a test of interaction by risk group using odds ratios.

RESULTS
Between June 1997 and February 2003, 669 patients were
enrolled in the study. Of these patients, 5 were excluded either because they were ineligible. Of the remaining 664 patients, 331 were randomly assigned to receive 68 Gy and
333 to receive 78 Gy. The median follow-up was 70 months
(range, 10–115 months). All the patients in the 68-Gy arm
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Toxicity
The cumulative incidence of late GU Grade 2 or greater
toxicity was 40% in the high-dose arm and 41% in the lowdose arm at 7 years (p = 0.6), and the cumulative incidence
of late GI Grade 2 or greater toxicity was increased in the
78-Gy arm (35% vs. 25%, respectively, at 7 years; p = 0.04;

FFF-ASTRO

Cumulative percentage

100

75
EXP 78
50
CONV 68
25

0

N
F
CONV 68 331 165
EXP 78 333 143
Logrank P =.04

0
At risk:
CONV 68 331
EXP 78 333

(b)

Years
228
249

153
196

7

88
111

38
45

FFF-ASTRO without backdating
100

Cumulative percentage

Outcome
The FFF rate was significantly better in the 78-Gy arm than
in the 68-Gy arm using both the ASTRO definition and the
Phoenix definition (7-year FFF rate with ASTRO definition,
54% and 47%, respectively, p = 0.04; and with Phoenix definition, 56% and 45%, respectively, p = 0.03). Because we
knew that the ASTRO definition with backdating might influence the timing and rate of BF, we repeated the analysis without backdating. The FFF remained significantly different, in
favor of the high-dose arm (49% and 37%, p = 0.04; Fig. 1).
No difference was found between the high- and low-dose
arms in FFCF rate (70% vs. 68% at 7 years, respectively;
p = 0.68) or OS rate (75% vs. 75% at 7 years; p = 0.45).
Salvage HT was started in 22 patients (12 in low-dose arm
and 10 in high-dose arm) because CF had occurred or because of an increasing PSA level but before the point of formal BF (ASTRO definition). Of 83 patients with clinical
progression, 40 were in the low-dose arm and 43 in the
high-dose arm. A total of 23, 12, and 56 patients developed
local failure, regional failure, and DMs, respectively. No significant differences were seen between the two arms regarding the type of CF. In the high-dose arm, 68 patients died,
with 45 of the deaths related to prostate cancer. In the lowdose arm, 75 patients died, with 42 deaths related to prostate
cancer. The remaining patients died of intercurrent disease
(mostly cardiovascular or pulmonary disease) or other malignancies. The type and number of failures, as well as the
deaths by treatment arm, are listed in Table 4.
Retrospectively, we did a subgroup analysis using the
three risk groups (15) and a test of interaction among these
risk groups. The odds ratio of the total group was 0.75 (p =
0.04) in favor of the high-dose arm. The benefit of highdose RT was most apparent in the intermediate-risk group,
with an odds ratio of 0.6 (95% confidence interval, 0.33–
0.87; p = 0.01). A clear trend was seen in the high-risk group,
but not in the low-risk group. Furthermore, when this analysis was done with the dose actually given, instead of the dose
at randomization, the difference in FFF in the high-risk group
was statistically significant (p = 0.03).

(a)

75
EXP 78
50
CONV 68
25

F
N
CONV 68 331 165
EXP 78 333 143
Logrank P =.04

0
0
At risk:
CONV 68 331
EXP 78 333

Years
290
285

(c)

204
238

110
126

7
40
50

FFF-Phoenix
100

Cumulative percentage

received the prescribed dose. In the 78-Gy arm, however,
11% received a dose <78 Gy: 6% received 68 Gy because
of the dose constraints to the rectum and small bowel, and
3% and 1.8% received 74–76 Gy and 70–72 Gy, respectively,
because of acute toxicity, technical problems, or patient request. One patient (0.3%) died during treatment of an unrelated cause and had received only 16 Gy. HT was
prescribed to 143 patients; 73 in the low-dose arm and 70
in the high-dose arm. The patient, tumor, and treatment characteristics are listed in Table 2.
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75
EXP 78
50
CONV 68
25

0

F
N
CONV 68 331 151
EXP 78 333 125
Logrank P =.03

0
At risk:
CONV 68 331
EXP 78 333

Years
281
275

210
236

123
141

7
45
55

Fig. 1. (a) Kaplan-Meier curve of 7-year rates of freedom from failure (FFF) by dose randomization (68 vs. 78 Gy), defined according
to American Society for Therapeutic Radiology Oncology (ASTRO) definition (three consecutive increases in prostate-specific
antigen level, backdated to midway between nadir and first increase). (b) Kaplan-Meier curve of 7-year rates of FFF by dose randomization (68 vs. 78 Gy), defined according to ASTRO definition
without backdating. (c) Kaplan-Meier curve of 7-year rates of FFF
by dose randomization defined according to Phoenix definition (nadir plus 2 mg/L after radiotherapy). CONV = conventional; EXP =
experimental.

Variable

Total
(n = 664)

68-Gy arm
(n = 331)

78-Gy arm
(n = 333)

BF (ASTRO)*
BF (Phoenix)*
CF (total)
Local
Regional
DMs
Local and DMs
Local and regional
Regional and DMs
Salvage HTy
Death (total)
Cancer related
Not cancer related

244
238
83
21
5
49
1
1
6
22
143
87
56

135
131
40
15
1
21
0
1
2
12
75
42
33

109
107
43
6
4
28
1
0
4
10
68
45
23

Abbreviations: BF = biochemical failure; CF = clinical failure;
DMs = distant metastases; HT = hormonal therapy.
* As first failure before CF.
y
Only salvage HT without previous formal ASTRO BF or CF on
basis of increasing PSA included.

Fig. 2 and Table 3). No differences were found between
the high- and low-dose arms regarding late Grade 3 or greater
GU toxicity (13% vs. 12%, respectively; p = 0.6) and
late Grade 3 or greater GI toxicity (6% vs. 4%, respectively;
p = 0.3). Three patients each (1%) in both treatment arms
developed late Grade 4 GU toxicity. Late Grade 4 GI toxicity
developed in 3 patients in the high-dose arm (1%) but none in
the low-dose arm. All five GI indicators were greater for the
high-dose arm. The incidence of rectal bleeding requiring laser treatment or transfusion was significantly increased in the
high-dose arm (8% vs. 3%; Table 3 and Fig. 3a). The
incidence of rectal bleeding stabilized after 5 years, with no
new cases observed after 5 years. The incidence of fecal
incontinence was greater by a factor of 2 in the high-dose
arm (13% vs. 7%; Table 3 and Fig. 3b), but this did not
stabilize.
DISCUSSION
Outcome
The development of more accurate RT techniques has considerably altered the practice of radiation oncology, allowing
for a greater dose to the prostate while limiting the dose to the
bladder and rectum. Pollack et al. (5) published the first randomized trial, performed at the M.D. Anderson Cancer Center. The long-term results of their trial showed a significant
improvement in FFF with high dose RT (8-year FFF rate,
59% for the 70-Gy arm and 78% for the 78-Gy arm, p =
0.004) (20) and also an improvement in FFCF. Dearnaley
et al. (21) reported a significant improvement in biochemical
progression-free survival in the escalated group (74 Gy) compared with the standard group (64 Gy). The 5-year biochemical progression-free survival rate in the escalated and standard
group was 71% vs. 60%, respectively (p = 0.007). The hazard
ratio for clinical progression-free survival was 0.69 (p = 0.064).

Incidence of late GI toxicity grade >=2

(a)
50

Cumulative percentage

Table 4. Biochemical failure, clinical failure and death by
treatment arm
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40

N F
CONV 68 327 70
EXP 78 331 96
Logrank P =.04

EXP 78
30
CONV 68
20

10

0
0
At risk:
CONV 68 327
EXP 78 331

Years
255
250

185
193

105
96

7
38
36

Incidence of late GU toxicity grade >=2

(b)

50

Cumulative percentage
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40

N
F
CONV 68 327 112
EXP 78 331 119
Logrank P =.60

CONV 68
EXP 78

30

20

10

0
0
At risk:
CONV 68 327
EXP 78 331

Years
234
225

171
171

102
97

7
39
39

Fig. 2. Kaplan-Meier curves of 7-year cumulative incidence of (a)
late Grade 2 or greater gastrointestinal (GI) toxicity and (b) late
Grade 2 or greater genitourinary (GU) toxicity by randomization
arm. CONV = conventional; EXP = experimental.

To date, at least five randomized trials have investigated the
effect of dose escalation (3, 4, 6–8). All these trials, with the
exception of the study by Shipley et al. (7), have decisively
demonstrated improved biochemical control with an increased
dose to the primary prostate tumor.
Biochemical failure
Our trial showed a statistically significant improvement in
FFF in prostate cancer patients treated with 78 Gy compared
with those treated with 68 Gy using the ASTRO definition
(with and without backdating) and the Phoenix definition.
In our earlier analysis (median follow-up, 51 months), the
5-year FFF rate using the Phoenix definition was better in
the high- than in the low-dose arm (67% vs. 61%, respectively), but this difference was not statistically significant
(p = 0.2) (4). At that time, we had already realized that a backdating censoring artifact occurs using the ASTRO definition.
Repeating the analysis without backdating also yielded a significant difference (p = 0.02) between the two treatment arms
(4). Therefore, it might be possible that in a randomized trial,
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(a)

Rectal bleeding

Cumulative percentage

10

N F
CONV 68 327 9
EXP 78 331 23
Logrank P =.01

EXP 78

5

CONV 68

0
0

Years

At risk:
CONV 68 327
EXP 78 331

296
295

141
131

55
52

Using the Phoenix definition and the ASTRO definition
(without backdating), the occurrence of BFs was spread
more evenly among Years 0–10 (12, 23). We also have observed the same pattern of failure using these three definitions. Early control rates seemed better using the Phoenix
definition, and the later results favor the ASTRO definition
with backdating (Fig. 1). The Phoenix definition of BF has
been more strongly related to clinical failure than the ASTRO
definition and less frequently influenced by the use of HT or
the length of follow-up. Vicini et al. (10) studied 19 different
definitions for BF and their correlation with CF and causespecific survival and found that the PSA nadir plus 2 mg/L
is highly specific and very accurate for identifying BF and
also correlates better with CF than do other definitions that
use a specific number of consecutive increases in PSA level,
such as the ASTRO definition.

Fecal incontinence

(b)
15

Cumulative percentage

230
237

7

985

EXP 78

N F
CONV 68 327 20
EXP 78 331 37
Logrank P =.02

10
CONV 68

5

0
0
At risk:
CONV 68 327
EXP 78 331

Years
288
278

223
229

135
127

7
54
50

Fig. 3. Kaplan-Meier curve of 7-year cumulative incidence of (a)
rectal bleeding requiring laser or transfusion and (b) fecal incontinence by treatment arm. CONV = conventional; EXP = experimental.

the ASTRO definition (with and without backdating) could
demonstrate a significant difference between the randomization arms earlier than could be demonstrated using the Phoenix definition.
Definitions of BF
Despite the known shortcomings of the ASTRO definition,
it is still used widely as an indication of BF. Because of the
recent recommendations (9–13, 22), one should use the
Phoenix definition in addition to the ASTRO definition after
RT for prostate cancer. The lack of specificity of the ASTRO
definition when HT is used is one of its weaknesses. These
patients might have a transient increase in the PSA level
when the HT is stopped. Thus, false-positive results were
possible secondary to such a benign PSA bounce; however,
these false-positive results would have been present in both
treatment arms. The second problem with the ASTRO definition is the backdating, which was reasonably solved by performing the analysis without backdating. Another reason for
using both definitions (ASTRO with and without backdating
and Phoenix) is that the ASTRO definition (with backdating)
systematically underestimates the occurrence of late BF.

Clinical failure
Biochemical control has been shown to correlate not only
with local failure, but also with DMs, cause-specific survival,
and disease-free survival (9, 10). Morgan et al. (23) have
shown that the 5-year actuarial DM rates decreased from
8% to 2% with an increasing radiation dose (p = 0.01). However, our trial did not show a significant difference between
the two treatment arms in terms of FFCF (p = 0.68). We believe this was because most of the patients with CF developed
an increasing PSA value long before their CF clinically manifested and some of them (n = 22) started salvage HT before
their CF was documented. The use of HT is a potential confounding factor in the analysis of the effect of high-dose RT
on the rate of DMs and local failure, because HT could destroy micrometastases and subsequently postpone, or even
definitively eliminate, the appearance of DM or local recurrence. Our study did not find a lower DM rate in patients
treated with higher dose RT. The likely explanations are
that our study was underpowered for this purpose and/or because of the use of HT. Morgan et al. (23) reported a reduction
in the DM rate in two waves. In patients receiving a dose of
$74 Gy, the late occurrence of DMs appeared to be reduced
to a greater degree. The reduction in the DM rate in the highdose arm of our trial might, therefore, become manifest much
later than BF. Another factor that made the assessment of CF
difficult is that we did not systematically perform prostate repeat biopsy for men with a post-RT increase in PSA, because
it was difficult to encourage elderly men to undergo rebiopsy
as a surrogate endpoint for local control.
Overall survival
Another critical, but much more complicated, issue is
whether improved biochemical control will eventually lead
to significantly better OS. The effect of high-dose RT on
OS has been reviewed. Mathematical studies by Kuban
et al. (24) and Yorke et al. (25) have predicted an increase
in survival of 16–30% if 100% local control could be
reached. A retrospective analysis from the RTOG suggested
improved survival in patients who received high-dose RT. In
contrast to patients who received <66 Gy, high-grade cancer
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patients who received radiation doses of $66 Gy had a 20%
lower risk of death from prostate cancer and a 27% reduction
in overall mortality (26). A clear OS benefit from dose escalation was also demonstrated in the systemic review by van
Tol-Geerdink et al. (27). An estimated increase in 5-year survival of 10–11% was reported when the equivalent dose was
increased from 70 Gy to 80 Gy. No single randomized trial,
including our own, has yet demonstrated a significant survival benefit from dose escalation. In our trial, the 7-year
OS rate was 75% for both treatment arms (p = 0.45), probably
because our trial was underpowered for this endpoint. Also,
no differences were observed in cause-specific mortality between the two arms. However, using this metric might have
overestimated the percentage of men who actually died of
prostate cancer because competing mortality was substantial.
This bias is more pronounced in older men and in patients
with low-risk disease, and it increases with each year of follow-up (28).
The already reported and the ongoing dose-escalation trials are going to recruit, in total, >4,500 patients. When the
data from all these trials are completely available, a metaanalysis of all these randomized trials should give the answer
to this critical issue. The ongoing RTOG 0126 trial, in which
OS is the primary endpoint, will probably help us to resolve
this problem further.
In the subgroup analysis, the odds ratios for these subgroups were not significantly different from the odds ratio
for the total group, because of the overlapping confidence intervals. Therefore, we could not exclude the possibility that
low-risk patients, or perhaps a subgroup of them, might
also benefit from dose escalation in terms of outcome. Our
study was not designed to detect differences between the
two treatment arms.
Toxicity
In this study, late morbidity after high-dose RT for localized prostate cancer was in line with the experience from
other dose-escalation trials (3, 5, 7, 8). The cumulative incidence of late Grade 2 or greater GU toxicity was the same in
both arms, and the cumulative incidence of late Grade 2 or
greater GI toxicity was increased in the high-dose arm. No
differences were found in the rate of late Grade 3 or greater
GI and GU toxicity between the two arms. In an alreadyreported analysis of toxicity from our group, Peeters et al.
(17) have shown an increased incidence of Grade 2 or greater
late GI toxicity in the high-dose arm, especially in patients
with a history of abdominal surgery and in patients with GI
symptoms before RT. However, even after excluding these
patients from our analysis, we found a significant increase
in Grade 2 or greater late GI toxicity in the high-dose arm
(data not shown).
Rectal bleeding and fecal incontinence occurred in the
high-dose arm about twice as often as in the low-dose arm.
However, the incidence of rectal bleeding stabilized at 5
year, with no new patients diagnosed with bleeding. The incidence of fecal incontinence did not stabilize, and, therefore,
the overall GI toxicity did not stabilize. In most available
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dose-escalation studies, however, late GI toxicity seems to
stabilize after a follow-up of 5 years. A possible explanation
for this difference is that in our study the scoring of fecal incontinence was done by the patients themselves using questionnaires. It is quite possible that in the other studies, this
complication was underscored. As reported by other investigators, the incidence of late GI toxicity can be significantly
lowered using IMRT. In a study by Zelefsky et al. (29), the
3-year actuarial incidence of late GI Grade 2 or greater toxicity in patients treated to 81 Gy with IMRT was 2% compared
with 14% in those treated with three-dimensional conformal
RT at the same dose (p = 0.005).
Although the incidence of late GU toxicity was greater
than that of late GI toxicity, no dose-escalation trial has
shown a significant difference in late GU toxicity with higher
dose RT. However, it is well known that GU symptoms tend
to accumulate and continue to emerge during the next 15
years after treatment. Gardner et al. (30) showed that a short
follow-up period could underestimate urinary problems. In
their long-term analysis of toxicity after 77.4 Gy in patients
with prostate cancer, they reported a 15-year incidence of
Grade 2 or greater GU toxicity of 59%. Despite improved
conformality of the high-dose levels of RT, all of the prostatic
urethra receives a full dose. Therefore, we share the concerns
of the investigators at the Massachusetts General Hospital
about the possibility of increasing late GU toxicity with
a lengthening follow-up period. We have, therefore, scheduled the next analysis after a median follow-up of about 12
years. However, we also recognize the possible shortcomings
of a longer follow-up time, including the high death rate of
this already elderly population of patients from other cancers
and intercurrent diseases and the usual increase in urinary
symptoms with advancing age. These factors make it impossible to distinguish between GU symptoms resulting from the
aging process and those due to late radiation effects.
Future research
Even with the substantial gains realized in external beam
RT for prostate cancer, further improvement is still possible.
In addition to dose escalation, another approach that has
received attention is the hypofractionated technique (31).
The disparity between an a/b ratio of about 3–4 Gy for late
complications and an a/b ratio of #2 for prostate cancer raises the prospect that one might improve outcomes after conformal RT for prostate cancer with hypofractionation. These
schedules might lead to improvement of the therapeutic ratio
and could achieve economic and logistic advantages. Therefore, a randomized multicenter Phase III study has been
started in The Netherlands to compare the relapse-free survival and toxicity after 78 Gy in daily fractions of 2 Gy
with a hypofractionated schedule of 19 fractions of 3.4 Gy,
three times weekly to a total dose of 64.6 Gy.
CONCLUSION
The data we have presented have confirmed our earlier
findings that dose escalation of RT in patients with localized
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prostate cancer is feasible and associated with a statistically
significant improvement in FFF, but without differences in
FFCF and OS. These findings further substantiate the conclusions of other investigators that dose escalation is strongly
recommended for the treatment of patients with prostate cancer, especially for intermediate- and high-risk groups. However, we could not exclude the possibility that patients with
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low-risk, or at least a subgroup of low-risk patients, might
also benefit from high-dose RT. Dose escalation was also associated with a statistically significant increase in late GI toxicity without an increase in late GU toxicity. We believe that
the greater rate of late GI toxicity could be dramatically lowered with the use of innovative RT techniques such as IMRT
and image-guided RT.
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