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Purpose: To report the long-term results of a randomized radiotherapy dose escalation trial for prostate cancer.
Methods and Materials: From 1993 to 1998, a total of 301 patients with stage T1b to T3 prostate cancer were ac-
crued to a randomized external beam dose escalation trial using 70 Gy versus 78 Gy. The median follow-up is now
8.7 years. Kaplan-Meier analysis was used to compute rates of prostate-specific antigen (PSA) failure (nadir + 2),
clinical failure, distant metastasis, disease-specific, and overall survival as well as complication rates at 8 years
post-treatment.

Results: For all patients, freedom from biochemical or clinical failure (FFF) was superior for the 78-Gy arm, 78 %,
as compared with 59% for the 70-Gy arm (p = 0.004, and an even greater benefit was seen in patients with initial
PSA >10 ng/ml (78% vs. 39%, p = 0.001). The clinical failure rate was significantly reduced in the 78-Gy arm as
well (7% vs. 15%, p = 0.014). Twice as many patients either died of prostate cancer or are currently alive with
cancer in the 70-Gy arm. Gastrointestinal toxicity of grade 2 or greater occurred twice as often in the high dose
patients (26 % vs. 13%), although genitourinary toxicity of grade 2 or greater was less (13% vs. 8%) and not sta-
tistically significantly different. Dose—volume histogram analysis showed that the complication rate could be sig-
nificantly decreased by reducing the amount of treated rectum.

Conclusions: Modest escalation in radiotherapy dose improved freedom from biochemical and clinical progression

with the largest benefit in prostate cancer patients with PSA >10 ng/ml.

© 2008 Elsevier Inc.
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INTRODUCTION

With data emerging on prostate-specific antigen (PSA) fail-
ure rates after external beam radiation, which appeared
higher than those previously documented clinically, and
with mounting evidence for a dose-response relationship
for prostate cancer, a dose-escalation trial was opened at
The University of Texas M. D. Anderson Cancer Center in
1993. This was the first randomized trial in the PSA era
that showed the benefit of higher radiation doses for prostate
cancer. Previously reported results of this study supported
dose escalation for patients with pretreatment PSA values
>10 ng/ml (1). All patients have now been treated at least 8
years ago, and follow-up to 12 years is available. A more sen-
sitive and specific PSA failure definition for patients treated
by radiation has been tested and can now be applied (2),
and the data on clinical failure have matured. Accordingly,

this is an updated analysis confirming previous findings
and also reporting additional risk group, clinical outcome,
and survival data with the benefit of long-term follow-up.

METHODS AND MATERIALS

Protocol eligibility and goals

A clinical protocol was opened in 1993 to test the hypothesis that
78 Gy compared with 70 Gy (or an 8-Gy dose increase) would result
in an absolute increase in freedom from failure, including biochem-
ical failure, of 15% for patients treated with definitive external beam
radiation for prostate cancer. The procedures followed were in ac-
cordance with the ethical standards of the Institutional Review
Board. Eligibility criteria were as follows: stage T1 to T3 NOMO
based on the 1992 American Joint Commission on Cancer staging
system (3), pathologic review by The University of Texas M. D.
Anderson Cancer Center, a pretreatment serum PSA, no previous
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history of pelvic radiation, radical prostatectomy, or androgen abla-
tion. Stratification was based on the pretreatment PSA level: PSA
<10 ng/ml; >10 to 20 ng/ml; and >20 ng/ml. The trial met accrual
and closed in 1998. A total of 305 patients were entered and 301
were assessable, 150 in the 70 Gy arm and 151 in the 78 Gy arm.
Four patients were not included in the analysis: 2 withdrew before re-
ceiving radiation, 1 refused further radiation 3 weeks into treatment,
and pathologic confirmation of prostate cancer at The University of
Texas M. D. Anderson Cancer Center was lacking in 1 patient. In ad-
dition, 2 patients randomized to the 78 Gy arm received 70 Gy, 1 be-
cause of planning difficulties caused by obesity and 1 who withdrew
consent for 78 Gy. The analysis presented is based on intent to treat.

Patient characteristics

Tumor stage, pretreatment PSA, Gleason score, and risk group for
all patients are listed in Table 1. There was no statistically significant
difference at a level of p = 0.05 between the 70-Gy and 78-Gy arms
for any of these variables. Risk groups were determined by the Na-
tional Comprehensive Cancer Network Guidelines (4). Groups were
defined as follows: low-risk, stage <T2a and Gleason score =6 and
PSA =10 ng/ml; high-risk, stage T3 or Gleason score =8 or PSA
>20 ng/ml; intermediate-risk, all others. The median age was 69
years for each arm. Follow-up ranged from 0.4 to 12.5 years for
the entire cohort, with a median follow-up of 8.7 years. Of the
patients, 74% were alive at the time of this analysis. The median
follow-up for surviving patients was 9.5 years.

Treatment

A full description of the radiation technique used in this study has
been previously published (1). Briefly, in both arms the fractional
dose was 2 Gy per day and prescribed to isocenter. All patients
were initially treated with a conventional four-field box technique
to 46 Gy. Typical field sizes were 11 x 11 cm for the anterior and
posterior fields and 11 x 9 cm for the lateral fields with a small block
over the anterior bladder and the posterior half of the rectum. Pa-
tients on the 70-Gy arm then had a small field reduction for both an-
terior/posterior and lateral dimensions, to approximately 9 x 9 cm.
For patients on the 78-Gy arm, a three-dimensional, six-field confor-
mal boost was used after the first 46 Gy. The clinical target volume
(CTV) included the prostate and seminal vesicles for both study
arms, and although the 70 Gy group underwent conventional treat-
ment planning, a CT scan was done during the first week of treat-

Table 1. Patient characteristics by treatment arm

Factor 70-Gy arm (n = 150) 78-Gy arm (n = 151)

T-stage

T1-T2 125 (83%) 117 (77%)

T3 25 (17%) 34 (23%)
Gleason score

2—6 70 (46%) 76 (50%)

7 55 (37%) 48 (32%)

8—10 25 (17%) 27 (18%)
Pre-Tx PSA

<10 ng/ml 97 (65%) 98 (65%)

>10 ng/ml 53 (35%) 53 (35%)
Risk group

Low 31 (21%) 30 (20%)

Intermediate 71 (47%) 68 (45%)

High 48 (32%) 53 (35%)

Abbreviation: Pre-tx PSA = pretreatment prostate-specific antigen.
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ment to confirm that the CTV was adequately covered. Margins
from the CTV to the block edge were 1.25 to 1.5 cm in the anterior
and inferior dimensions and 0.75 to 1.0 cm in the posterior and
superior dimensions.

Complication grading

Late bladder and rectal toxicity were graded using the Radiation
Therapy Oncology Group (RTOG) (5) and Late Effects Normal Tis-
sue Task Force scales (6) as modified by Hanlon ez al. (7). A descrip-
tion of late toxicities by grade is contained in Table 2.

Endpoints and statistical analysis

The primary endpoint of the trial was freedom from clinical and/
or biochemical failure (FFF). Although a standard definition of
biochemical failure was not in practice when this trial was designed,
the ASTRO definition (8) was used in the previous analysis (1).
However, the recent Radiation Therapy Oncology Group—American
Society for Therapeutic Radiology and Oncology Consensus Con-
ference report points out the problems with this definition and advo-
cates use of the nadir + 2 ng/ml failure definition, which is more
sensitive and specific for eventual clinical failure, performs better
in regression analysis comparing definitions, and eliminates back-
dating (2). Therefore, the nadir + 2 ng/ml failure definition was
used to define PSA failure in this updated report. Additional failure
definition criteria included local, distant, and nodal recurrence be-
fore PSA failure and the administration of salvage hormonal ther-
apy. Secondary study endpoints were overall survival and distant
metastasis; disease-specific survival was also analyzed. An event
in the cause-specific survival analysis was defined as death due to
prostate cancer or death with progressive metastatic disease. Local
failure was defined as palpable evidence of disease confirmed by bi-
opsy or positive biopsy performed because of a rising serum PSA.
Although routine prostate biopsy at 2 years after treatment was
done in 168 patients, this alone did not define local recurrence, since
not all patients were biopsied and not all patients with positive
biopsy showed evidence of disease progression either clinically or
biochemically. These routine biopsy results have been presented
in a separate report (9) and have also been updated (10).

All statistical analyses were performed using Stata statistical soft-
ware, release 9 (StataCorp, College Station, TX). Differences in
prognostic patient characteristics and stratification criteria between
treatment groups were assessed using the x test. Kaplan-Meier anal-
ysis was used to determine freedom from failure, overall, cause-spe-
cific, and distant metastatic-free survival, and freedom from toxicity
in each study arm as a function of time after the end of radiotherapy.
Outcome generally was reported at 8 years post-treatment because
the available number of patients in some subgroup analyses became
small at 10 years. Comparisons between groups were made using the
log-rank test. A Cox proportional hazards model was used for mul-
tivariate analysis. All reported p values are nominal values and not
corrected for multiplicity of comparisons.

RESULTS

Outcomes

Crude numbers of patients with biochemical, local, nodal,
and distant failure by treatment arm are listed in Table 3.
Only 2 patients received hormonal therapy before another
type of failure was documented. Freedom from biochemical
failure or clinical failure (FFF) was significantly different for
patients treated to 78 Gy versus 70 Gy, p =0.004 (Fig. 1). The
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Table 2. Modified Radiation Therapy Oncology Group—Late Effects Normal Tissue (RTOG-LENT) late toxicity grading scale

Grade 1 Grade 2

Grade 3 Grade 4 Grade 5

Excess bowel movements More than two
twice baseline. Slight antidiarrheals/week.
rectal discharge or Two or fewer
blood. coagulations for
bleeding. Occasional

Lower
gastrointestinal

steroids for ulceration.

Occasional dilatation.
Intermittent use of
incontinence pads.

Regular nonnarcotic or
occasional narcotic for

pain.

Moderate frequency.
Nocturia more than
twice baseline.

Nocturia twice baseline.
Microscopic hematuria.
Light mucosal atrophy

Genitourinary

and minor Generalized
telanglectasia. telanglectasia.
Intermittent

macroscopic hematuria.

Two or fewer blood
transfusions. Two or
fewer coagulations.

Regular nonnarcotic or
occasional narcotic for

pain.

More than two
antidiarrheals/day. At
least one blood
transfusion or more than
two coagulations for
bleeding. Prolonged
daily steroid enemas.
Hyperbaric oxygen for
ulceration. Regular
dilation. Daily use of
pads for incontinence.
Regular narcotic for
pain.

Severe frequency and
dysuria. Nocturia more
frequent than once every
hour. Reduction in
bladder capacity (150
cc). Frequent hematuria.
More than two
transfusions. More than
one coagulation for
hematuria. Regular
narcotic for pain.

Dysfunction requiring
surgery. Perforation.
Life- threatening
bleeding.

Fatal toxicity

Severe hemorrhagic Fatal toxicity
cystitis. Ulceration.

Requirement for urinary

diversion and/or

cystectomy.

difference in FFF between the two study arms increased with
time (85% vs. 78% at 5 years, 78% vs. 59% at § years, and
73% vs. 50% at 10 years). When patients were stratified by
initial PSA level, those with PSA >10 ng/ml derived the
greatest benefit from dose escalation (78% vs. 39% FFF at
8 years, p < 0.001; Fig. 2a). There were too few patients
(16) with an initial PSA >20 ng/ml to analyze separately,
and combining these patients with the group with the PSA
of 10 to 20 ng/ml did not alter the results of the comparison
between the two dose levels. In patients with an initial PSA
level <10 ng/ml, there was no significant difference in FFF
between treatment arms (78% vs. 66%), at 8 years post-
therapy (p = 0.237, Fig. 2b).

When analyzed by risk group, at 8 years postradiation,
patients with low-risk disease treated to 78 Gy had a FFF
of 88% versus those treated to 70 Gy, who had an FFF of
63% (p = 0.042, Fig. 3). Interestingly, the intermediate-risk
patients as an entire group showed no statistically significant
difference in FFF based on dose level (p = 0.36) with 8-year

Table 3. Crude incidence of clinical and biochemical failure
by treatment arm

Failure 70-Gy arm (n = 150) 78-Gy arm (n = 151)
PSA 36 25
Local 12 7
Nodal 6 2
Distant 8 2
Salvage+ 0 2

Salvage+ indicates salvage hormonal therapy as first failure event.

FFF of 86% for patients treated to 78 Gy and 76% for those
treated to 70 Gy (Fig. 4a). However, intermediate-risk pa-
tients with an initial PSA >10 ng/ml did show a greater differ-
ence in FFF when dose was escalated (94% vs. 65%), as well
as a trend toward statistical significance (p = 0.076, Fig. 4b)
Intermediate-risk patients with an initial PSA =10 ng/ml had
similar FFF at both the 70-Gy and 78-Gy levels. Patients with
high-risk disease showed a significant difference in FFF
based on dose (63% vs. 26%, p = 0.004; Fig. 5). Of note how-
ever, is that when the high-risk group was divided by PSA
level, only those patients with a PSA level >10 ng/ml showed
a difference in FFF based on dose level, similar to the inter-
mediate-risk patients. It should be noted that risk group
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Fig. 1. Freedom from failure for all patients treated to 78 Gy versus
70 Gy.
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Fig. 2. Freedom from failure for patients with pretreatment prostate-
specific antigen >10 ng/ml (a) and <10 ng/ml (b).

analysis was not reported in the original study, and although
this was not a stratification factor, risk groups were evenly
distributed between the two treatment arms.

In multivariate Cox proportional hazards analysis, tumor
stage, Gleason score, dose, and initial PSA as a categorical
variable, were all significant in predicting FFF. To more fully
investigate which patients benefited most from dose escala-
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Fig. 3. Freedom from failure for low-risk patients.
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tion, these factors were explored particularly in regard to their
interaction with dose. The only interaction retained as being
significant in the Cox model was the interaction of dose with
PSA >10 ng/ml, indicating that these are the patients who
benefited most from dose escalation.

There was a significant difference in clinical failure based
on dose as well (p = 0.014). Of the patients, 93% treated to
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78 Gy were clinically disease-free at 8 years post-treatment as
compared with 85% of patients who were treated to 70 Gy.
Although distant metastasis has been documented in only
10 patients to date, 8 of these were in the 70-Gy arm. For
the entire cohort, freedom from distant metastasis after 70
Gy versus 78 Gy was 95% versus 99%, and the p value
was marginally significant (p = 0.059; Fig. 6). However, all
10 patients had high-risk disease, and among the high-risk
patients, the difference reached statistical significance at
p = 0.035, with 83% versus 96% of patients distant
disease-free at 8 years.

Although a difference in overall survival has not been
seen, 78% versus 79% at 8 years (Fig. 7), twice as many
patients either died of their cancer or are alive with disease
in the 70-Gy arm, 43 patients versus 21 patients (Table 4).
More patients died of other causes without detectable pros-
tate cancer in the 78-Gy arm, and there was no evidence
that the cause of death was treatment-related. Less than
10% of patients (equal numbers in both arms) had a cause
of death which is unknown. The cause-specific survival dif-
ference was marginally significant in favor of the 78-Gy
arm at 99% versus 95% (p = 0.063; Fig. 8), but four times
as many patients died of prostate cancer in the 70 Gy arm
(8 vs. 2).

Toxicity

Crude gastrointestinal (GI) and genitourinary (GU) com-
plications are reported by treatment arm in Table 5, and free-
dom from complications greater than grade 2 are compared
actuarially in Figures 9a and 9b. The 10-year incidence of
GI toxicity greater than grade 2 was 13% for patients treated
to 70 Gy as compared with 26% for those on the 78-Gy arm
(p = 0.013). Grade 3 GI toxicity occurred in 1% of patients
treated to the lower dose and in 7% of those treated to the
higher dose level (p = 0.018). Of note is that normal tissue
dose—volume guidelines were not yet defined nor followed
during the study period. GU toxicity of grade 2 or greater
was 8% for the 70-Gy arm and 13% for the 78-Gy arm at
10 years post-treatment, whereas grade 3 GU toxicity was
5% versus 4%, respectively, and neither comparison showed

1.00
'

ol PP R g N ST L e LR IR LI L S N TS B

0.75
L

Freedom from distant failure
0.50
L

w
o
=]
70 Gy
= | 78 Gy
c 5 T T T
0 5 10 15

Years after end of RT

Fig. 6. Freedom from distant metastasis for all patients.
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Fig. 7. Overall survival for all patients.

a statistically significant difference. There were no grade 4 or
grade 5 GI or GU complications.

As shown in our previous randomized trial report (1) and
in the report by Storey et al. (11), the amount of rectum
treated can significantly affect the GI complication rate.
Dose—volume histograms were available for patients treated
with the conformal boost to 78 Gy. As reported previously,
when <25% of the rectum was treated to >70 Gy, the grade
2 or greater complication rate at 6 years post-treatment was
much reduced, 16% as compared with 46% when this
dose—volume cutpoint was exceeded (1). We have since
found that dose—volume parameters appear to be a continuous
variable, and that lower dose points, in fact, may be even
more significant in predicting rectal morbidity (Fig. 10).
Our previous publications using normal tissue complication
probability modeling support this premise as well (12, 13).

DISCUSSION

When published in 2000, the M. D. Anderson dose-escala-
tion trial was the first PSA era randomized trial to show the
anticipated benefit of higher dose in tumor control (14). For
the preceding 10 to 15 years, there was a growing body of ev-
idence to support higher radiation doses for localized prostate
cancer from both prospective and retrospective trials (15-17)
as well as from the randomized trial from Massachusetts Gen-
eral Hospital, which compared 67.2 Gy with photons to 75.6

Table 4. Disease status of study patients

Category 70-Gy arm (n = 150) 78-Gy arm (n = 151)
Alive, NED 79 88
Alive, WD 35 19
Dead, NED 12 20
Dead, OC 2 6
Dead, WD 1 3
Dead, CAP 8 2
Dead, UNK 13 13

Abbreviations: CAP = carcinoma of the prostate; NED = no evi-
dence disease; OC = died of other cause and no prostate-specific
antigen (PSA) within 1 year of death; UNK = unknown; WD =
with disease (clinical or biochemical).
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Cobalt Gray Equivalent (GyE) delivered through a combina-
tion of photon and proton therapy (18). The M. D. Anderson
trial was updated in 2002, and since that time two additional
randomized trials have reported positive results with regard
to dose escalation (19, 20). Zietman et al. randomized 393 pa-
tients with stage T1b to T2b prostate cancer to either 70.2
GyE or 79.2 GyE. There was a 19% absolute difference in
PSA disease-free survival at 5 years post-treatment using
the American Society for Therapeutic Radiology and Oncol-
ogy (ASTRO) definition, 61% versus 80% (19). The advan-
tage in the higher dose group was seen nearly equally in the
low-risk and the intermediate- to high-risk groups. Although
a previous retrospective analysis from Memorial Sloan-Ket-
tering Cancer Center showed a dose benefit in the low-risk
group (16), the Zietman et al. study was the first randomized
trial to show these results (19). Our current update, with lon-
ger follow-up, now shows the same. However, it should be
noted that the original stratification in the M. D. Anderson
trial was by initial PSA (<10 ng/ml vs. >10 ng/ml) and not
by risk group, and only the group with PSA >10 ng/ml
showed a significant dose response. Of note is that very
few patients with PSA >20 ng/ml were included in this trial,
such that the proven benefit is mainly in patients with a PSA
in the range of 10 to 20 ng/ml.

The recently reported study by Peeters et al. compared 664
patients with stage T1b to T4 who were randomized to re-
ceive either 68 or 78 Gy (20). In this trial there was a 10%

Table 5. Crude incidence of complications by grade

Complication grade

Group 0 1 2 3
GI complications
70-Gy arm 77 55 15 2
78-Gy arm 71 42 28 10
GU complications
70-Gy arm 100 35 7 7
78-Gy arm 114 21 11 5

Complications are listed as events; a given patient may have had
more than one event.
Abbreviations: Gl = gastrointestinal; GU = genitourinary.
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absolute difference in PSA failure-free survival favoring
the high dose arm using the ASTRO definition (64% vs.
54%), at 5 years post-treatment. In risk group analysis, there
was a significant difference in PSA failure (15% absolute)

Grade >= 2 Gl toxicity
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Fig. 10. Gastrointestinal toxicity of grade 2 or greater and the
significance of various dose—volume cutpoints considered in incre-
ments of 5 Gy (dose) and 5% (volume). Symbols show comparisons
for which there at least 10 patients in each of the two cohorts defined
by the corresponding dose—volume cutpoint. The plotted symbol in-
dicates the resulting level of statistical significance, as detailed in the
legend.
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between dose groups only for intermediate-risk patients (20).
Perhaps as the data mature a greater difference between treat-
ment arms will be seen. Differences in outcome between
studies may also be caused by the failure definition applied,
especially with shorter follow-up. One must also wonder
whether the results of the Peeters er al. study (20) were af-
fected by the administration of hormone therapy (for as
long as 3 years in some patients), and the mixture of radiation
techniques that were allowed. As might be expected with
a median follow-up of 51 months, no difference in clinical
failure or overall survival was seen.

To date, no randomized trial has documented a survival ad-
vantage attributable to higher radiation dose, including our
study in which all patients were treated at least 8 years ago.
As shown by others, prostate cancer is a somewhat unique
malignant disease in that living with it and actually expiring
of another cause is, in fact, quite common, even in patients
with documented recurrence (21). In the update reported
here, there were more patients alive with disease in the 70-
Gy arm at the time of reporting. If a significant proportion
of this group dies of their disease, a survival difference might
be expected. There were more deaths due to other causes in
the 78-Gy arm, and it would follow logically that if prostate
cancer did not cause a patient’s death, in this age group, some
other disease would. This illustrates the dilemma of compet-
ing comorbidities that can affect assessment of treatment ef-
ficacy and outcomes in this particular malignancy. There was
no indication that the excess noncancer deaths were related to
higher radiation dose.

Also important are the therapeutic ratio and the complica-
tion risk associated with higher doses. In the Zietman et al.
study, late grade 2 GI morbidity was doubled (17% vs. 8%)
in patients treated to the higher dose level of 79.2 GyE
(19). This is much the same as the rectal complication com-
parison in the M. D. Anderson study. In the Peeters et al.

study, a slightly higher rate of late GI toxicity greater than
grade 2 was seen in the high-dose, 78-Gy arm (32% vs.
27% at 5 years), but the difference was not statistically signif-
icant (p = 0.2) (20). Although there was also a higher grade 3
complication rate in the higher-dose arm in our study, no dif-
ference in grade 3 GI toxicity based on dose was seen in the
studies by Zietman et al. and Peeters et al. (19, 20). There has
been no significant difference in GU toxicity greater than
grade 2 or grade 3 between dose levels in any of the random-
ized studies (19, 20). Since the design of the available ran-
domized studies, however, it has become well known that
close attention to dose—volume constraints, especially for
the rectum, can substantially decrease the complication rate
such that the therapeutic ratio and the benefit of applying
higher doses is not compromised (11-13, 22, 23).

CONCLUSIONS

The update of the M. D. Anderson randomized dose esca-
lation trial with long-term follow-up shows the benefit of
higher dose in patients with localized prostate cancer treated
by external beam radiotherapy alone. The greatest advantage
appears to be in those patients with an initial PSA >10 ng/ml.
This is tempered by the fact that androgen ablation therapy
has also been shown to be beneficial in the same patient group
(24). Further study may help to clarify whether at least a sub-
set of patients with PSA >10 ng/ml might be treated just as
effectively with radiation alone if a higher dose is used. Rec-
tal complication rates clearly show that a price is paid for
higher dose if dose—volume constraints are not adhered to,
although this relationship for the bladder is less well-defined.
An additional remaining question would seem to be whether
even higher doses might provide even more benefit, for
whom, and at what cost.

REFERENCES

1. Pollack A, Zagars GK, Starkschall G, et al. Prostate cancer ra-
diation dose response: Results of the M.D. Anderson Phase III
randomized trial. Int J Radiat Oncol Biol Phys 2002;53:
1097-1105.

2. Roach M, Hanks G, Thames H, et al. Defining biochemical fail-
ure following radiotherapy with or without hormonal therapy
in men with clinically localized prostate cancer: Recommenda-
tions of the RTOG-ASTRO Phoenix Consensus Conference. Int
J Radiat Oncol Biol Phys 2006;65:965-974.

3. American Joint Commission on Cancer. AJCC cancer staging
manual. 4™ ed. Philadelphia, PA: Lippincott-Raven; 1992.

4. Scardino P. Update: NCCN prostate cancer: Clinical practice
guidelines. J Natl Compr Canc Netw 2005;3(Suppl 1):S29-S33.

5. Cox ID, Stetz J, Pajak TF. Toxicity criteria of the Radiation
Therapy Oncology Group (RTOG) and the European Organiza-
tion for Research and Treatment (EORTC). Int J Radiat Oncol
Biol Phys 1995;31:1341-1346.

6. Pavy JJ, Denekamp J, Letschert J, er al. Late effects toxicity
scoring: The SOMA scale. Int J Radiat Oncol Biol Phys
1995;31:1043-1049.

7. Hanlon AL, Schultheiss TE, Hunt MA, et al. Chronic rectal
bleeding after high-dose conformal treatment of prostate cancer

warrants modification of existing morbidity scales. /nt J Radiat
Oncol Biol Phys 1997;38:59-63.

8. American Society for Therapeutic Radiology, and Oncology
Consensus Panel. Consensus statement: Guidelines for PSA fol-
lowing radiation therapy. Int J Radiat Oncol Biol Phys 1997;37:
1035-1041.

9. Pollack A, Zagars GK, Antolak JA, et al. Prostate biopsy status
and PSA nadir level as early surrogates for treatment failure:
Analysis of a prostate cancer randomized dose escalation trial.
Int J Radiat Oncol Biol Phys 2002;54:677-685.

10. Vance W, Tucker SL, de Crevoisier R, e al. The predictive
value of a 2-year posttreatment biopsy after prostate cancer
radiotherapy for eventual biochemical outcome. Int J Radiat
Oncol Biol Phys 2007;67:828-833.

11. Storey MR, Pollock A, Zagars GK, et al. Complications from
dose escalation in prostate cancer: Preliminary results of a ran-
domized trial. Int J Radiat Oncol Biol Phys 2000;48:635-642.

12. Tucker SL, Cheung R, Dong L, et al. Dose-volume response
analyses of late rectal bleeding after radiotherapy for prostate
cancer. Int J Radiat Oncol Biol Phys 2004;59:353-365.

13. Tucker SL, Dong L, Cheung R, ef al. Comparison of rectal
dose-wall histogram versus dose—volume histogram for



74

14.

15.

16.

17.

18.

19.

1. J. Radiation Oncology @ Biology @ Physics

modeling the incidence of late rectal bleeding after radiother-
apy. Int J Radiat Oncol Biol Phys 2004;60:1589-1601.
Pollack A, Zagars GK, Smith LG, et al. Preliminary results of
a randomized radiotherapy dose-escalation study comparing
70 Gy with 78 Gy for prostate cancer. J Clin Oncol 2000;18:
3904-3911.

Hanks GE, Martz KL, Diamond JJ. The effect of dose on local
control of prostate cancer. Int J Radiat Oncol Biol Phys 1988;
15:1299-1305.

Zeletsky MJ, Fuks ZVI, Hunt M, et al. High dose radiation
delivered by intensity modulated conformal radiotherapy
improves the outcome of localized prostate cancer. J Urol
2001;166:876-881.

Pollack A, Smith LG, von Eschenbach AC. External beam ra-
diotherapy dose-response characteristics of 1127 men with
prostate cancer treated in the PSA era. Int J Radiat Oncol Biol
Phys 2000;48:507-512.

Shipley WU, Verhey LJ, Munzenrider JE, ef al. Advanced pros-
tate cancer: The results of a randomized comparative trial of
high dose irradiation boosting with conformal protons com-
pared with conventional dose irradiation using photons alone.
Int J Radiat Oncol Biol Phys 1995;32:3-12.

Zietman AL, DeSilvio ML, Slater JD, et al. Comparison of con-
ventional-dose vs high-dose conformal radiation therapy in

Volume 70, Number 1, 2008

20.

21.

22.

23.

24.

clinically localized adenocarcinoma of the prostate. JAMA

2005;294:1233-1239.

Peeters STH, Heemsbergen WD, Peter CM, et al. Dose-re-
sponse in radiotherapy for localized prostate cancer: Results
of the Dutch multicentered randomized phase III trial compar-
ing 68 Gy of radiotherapy with 78 Gy [Abstract]. J Clin Oncol
2006;24:1990.

D’Amico AV, Cote K, Loffredo M, et al. Determinants of pros-
tate cancer specific survival following radiation therapy during
the prostate specific antigen era. J Urol 2003;170:S42-S46;
discussion S46-S47.

Huang EH, Pollack A, Levy L, et al. Late rectal toxicity: Dose-
volume effects of conformal radiotherapy for prostate cancer.

Int J Radiat Oncol Biol Phys 2002;54:1314-1321.

Zelefsky MJ, Chan H, Hunt M, et al. Long-term outcome of
high dose intensity modulated radiation therapy for patients
with clinically localized prostate cancer. J Urol 2006;176:
1415-1419.

D’Amico AV, Manola J, Loffredo M, et al. 6-month androgen
suppression plus radiation therapy vs radiation therapy alone for
patients with clinically localized prostate cancer: A randomized
controlled trial. JAMA 2004;292:821-827.



	Long-Term Results of the M. D. Anderson Randomized Dose-Escalation Trial for Prostate Cancer
	Introduction
	Methods and materials
	Protocol eligibility and goals
	Patient characteristics
	Treatment
	Complication grading
	Endpoints and statistical analysis

	Results
	Outcomes
	Toxicity

	Discussion
	Conclusions
	References


