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Introduction:  Most patients survive many years following 
external beam radiotherapy (RT) for nonmetastatic prostate 
cancer and are therefore at risk for late treatment sequelae.  
The relationships between RT dose, treatment technique, 
and late toxicity rates are incompletely understood.  Here 
we perform a meta-analysis and systematic review to 
characterize those effects.
Materials and methods:  We performed a review of 
published series that report late gastrointestinal (GI) and 
genitourinary (GU) toxicity rates following definitive RT for 
prostate cancer using the RTOG Late Radiation Morbidity 
Scoring Schema.  Univariate analyses were performed to 
test RT technique, RT dose, pelvic irradiation, and androgen 
deprivation therapy (ADT) as predictors of moderate (grade 
≥ 2) and severe (grade ≥ 3) GI and GU toxicity.  To isolate the 
effect of radiotherapy dose on late toxicity, we also performed 
a meta-analysis restricted to randomized trials that tested RT 
dose escalation.  Statistical analyses were repeated using the 
subset of studies that utilized escalated RT doses.

Results:  Twenty published reports detailing the 
treatment techniques and toxicity outcomes of 35 patient 
series including a total of 11,835 patients were included 
in this analysis.  Median rates of moderate late toxicity 
were 15% (GI) and 17% (GU).  For severe effects, these 
values were 2% (GI) and 3% (GU).  Meta-analysis of five 
randomized trials revealed that an 8-10 Gy increase in RT 
dose increases the rate of both moderate (OR = 1.63, 95% 
CI: [1.44 to 1.82], p < 0.001) and severe (OR = 2.03, 95% 
CI: [1.64 to 2.42], p < 0.001) late GI toxicity.  Among 17 
series where doses of at least 74 Gy were utilized, use of 
intensity-modulated radiotherapy (IMRT) or proton beam 
radiotherapy (PBRT) was associated with a significant 
decrease in the reported rate of severe GI toxicity compared 
to 3-D RT.
Conclusion:  Meta-analysis of randomized dose escalation 
trials demonstrates that late toxicity rates increase with 
RT dose.  Series where dose escalated RT is delivered using 
IMRT or PBRT have relatively short follow up but report 
lower late GI toxicity rates than those employing 3-D RT. 
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toxicity in some of those trials.  Nonetheless, dose 
escalation has been adopted by radiation oncologists 
around the world.13-15

Increasingly, prostate cancer patients are being 
treated with advanced techniques such as intensity-
modulated photon radiotherapy (IMRT) or proton 
beam radiotherapy (PBRT).16,17  These techniques may 
improve RT toxicity by limiting the dose delivered 
to normal tissues such as the rectum and bladder.18-21  
Unfortunately, randomized trial data proving 
the benefits of these resource-intensive treatment 
modalities are lacking.  Published reviews on this 
subject have been hampered by the inclusion of studies 
that utilized varying treatment techniques, RT doses, 
and late toxicity scoring schema.22,23

Here we perform a systematic review and meta-
analysis of published reports to determine late toxicity 
rates following definitive radiotherapy for prostate 
cancer using a single toxicity scale.  We also investigate 
the statistical relationship between RT technique and 
late treatment sequelae following dose-escalated RT.

Introduction

The majority of men diagnosed with nonmetastatic 
prostate cancer will live longer than 10 years, irrespective 
of how they are managed.1-3  Patient longevity is more 
closely tied to age and comorbid conditions than to 
characteristics of their malignancy or treatment.4-7  
Survivorship issues are therefore central to the 
discussion of management options for prostate cancer.

For prostate cancer patients treated with radiotherapy 
(RT), dose escalation has been shown to improve 
biochemical disease control but not overall survival.8-12  
Increased RT dose was also linked to increases in late 
gastrointestinal (GI)8,9,11,12 and genitourinary (GU)8 
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average rate of ADT use in the other series (where 
that rate was not 0% or 100%).  For series in which 
fraction sizes other than 1.8 Gy-2.0 Gy were used,25-28 
we converted nominal total dose to a bioequivalent 
dose using a fraction size of 2.0 Gy using the Linear 
Quadratic Equation with α/β = 3 Gy for late effects.29

Univariate linear regression was utilized to 
identify factors associated with each type (GI or 
GU) and severity (moderate or severe) of toxicity.  
Categorical variables tested included study type 
(prospective versus retrospective) and treatment 
technique (2-D RT versus 3-D RT versus IMRT 
versus PBRT).  Continuous variables tested included 
median RT dose, rate of pelvic radiotherapy use, 
rate of hormonal therapy use, and timing of toxicity 
reporting (defined as time point for actuarial toxicity 
rates or median follow up length for studies that 
reported crude toxicity incidences).

To isolate the effect of radiotherapy dose on late 
toxicity, we performed a meta-analysis using randomized 
trials that tested RT dose escalation.  A Q-test was 
performed to test for heterogeneity across studies; a fixed-
effects model was utilized when there was no evidence 
of heterogeneity.

Additionally, we evaluated the effects of treatment 
technique on late toxicity in the setting of dose-escalated 
RT.  Multilinear regression was utilized to test both 
treatment technique and timing of toxicity reporting as 
predictors of each type and severity of toxicity.

Materials and methods

Search strategy and selection criteria
We performed a PubMed literature search for published 
series describing the late toxicity of definitive RT for 
localized prostate cancer.  The search was restricted to 
English-language articles and included the key words 
“prostate cancer” and “radiation therapy”.  In order to 
permit comparison across studies, only those reports 
that used the RTOG/EORTC Late Radiation Morbidity 
Scoring Criteria, Table 1, for grading toxicity were 
considered in this analysis.  Furthermore, series were 
excluded if they included less than 50 patients, had 
a median follow up time of less than 36 months, or 
lacked a description of the RT doses and techniques 
utilized.

Data analysis
As patient-level data were not available to us for this 
review, we performed a study-level meta-analysis.  
We tabulated the RT doses, RT techniques, and rates 
of moderate (grade ≥ 2) and severe (grade ≥ 3) GI 
(bowel) and GU (bladder) toxicity reported in each 
series that met the criteria described above.  We also 
noted the proportion of patients that received whole 
pelvic radiotherapy (WPRT) and the portion treated 
with androgen deprivation therapy (ADT).   

In the two series where the rate of ADT use was 
not described,24,25 we approximated its value as the 

TABLE 1.  RTOG/EORTC late radiation morbidity scoring schema      

Organ 1 2 3 4 5

Bladder Slight epithelial Moderate Severe frequency Necrosis/ Death
 atrophy, minor frequency, and dysuria, contracted  
 telangiectasia generalized severe generalized bladder
 (microscopic telangiectasia, telangiectasia (often (capacity 
 hematuria) intermittent with petachiae), < 100 cc), severe
  macroscopic frequent hematuria, hemorrhagic
  hematuria reduction in bladder cystitis
   capacity (< 150 cc)   

Small/ Mild diarrhea, Moderate Obstruction or Necrosis/ Death
large mild cramping, diarrhea and bleeding requiring perforation,
intestine bowel movement    colic, bowel surgery fistula
 5 times daily, movement
 slight rectal > 5 times daily, 
 discharge or excessive rectal
 bleeding mucus or
  intermittent
  bleeding
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TABLE 2.  Study characteristics      

Author No. of Median RT RT Pelvic ADT Grade 2 Grade 3 Grade 2 Grade 3 
 patients follow technique dose RT (%) GI GI GU GU
  up  (Gy) (%)  toxicity toxicity toxicity toxicity
  (mths)     (%) (%) (%) (%)

Ataman30 377 42 2D 70.0 17% 50%+ 9.8% 0.3% 15.9% 3.4%

Beckendorf8 256 57 3D 70.0 0% 0% 14.4% 2.0% 9.8% 2.6%
    80.0   19.6% 5.9% 17.6% 2.0%

Bolla31 970 77 3D 70.0 100% 100% NR 0.6% NR 2.2%

De Meerleer36 133 36 IMRT 76.0 0% 59% 17.3% 0.8% 21.8% 3.0%

Dearnaley9 421 60 3D 64.0 0% 100% 24.0% 6.0% 8.0% 2.0%
 422   74.0   33.0% 10.0% 11.0% 4.0%

Horwitz32 1521 135 2D 70.0# 100% 100% 16.2% 1.8% 19.1% 4.7%

Kupelian26 770 45 IMRT 77.0^^^ 0% 60% 6%^ 2%^ 7%^ 0.2%^

Lawton33 467 97 2D 70.0# 100% 0% NR 4.3% NR 8.8%
 477 97    100% NR 3.6% NR 7.3%
 231 83    0% NR 4.3% NR 8.2%
 223 83    100% NR 2.2% NR 7.6%

Michalski35 75 114 3D 68.4 0% 12% 9.3% 1.6% 24.0% 1.6%
 97 103  73.8  51% 7.2% 0.0% 21.6% 2.9%
 103 105  77.2@  44% 10.7% 1.8% 18.4% 4.2%
 115 88  74.0  39% 10.4% 2.4% 28.7% 4.7%
 118 72  78.0  20% 25.4% 5.4% 22.9% 5.5%

Peeters10 331 51 3D 68.0 0% 22% 27%^ 4%^ 41%^ 12%^
 333   78.0  21% 32%^ 5%^ 39%^ 13%^

Pollack11 148 60 2D 70.0 0% 0% 11.5% 0.7% 8.8% 1.4%
 151  3D 78.0   25.5% 6.7% 12.8% 2.7%

Quon27 97 39 IMRT 77.0^^^ 100% 100% 6.5% 0.0% 9.7% 4.3%

Roach34 638 60 2D 70.2 0% 100% NR 0.8% NR 2.4%
 641    100%   1.9%  2.5%

Slater24 643 43 PBRT 74.5 (GyE) 50% NR 21%^^ 0%^^ 5.7%^^ 0.3%^^

Vesprini25 89 52 IMRT 72.0^^^ 0% NR 7.9% 1.1% 14.6% 0.0%

Vora37 271 62 3D 68.4 0% 18% 16.2% 0.7% 21.4% 4.8%
 145 48 IMRT 75.6 0% 30% 24.1% 1.4% 28.3% 5.5%

Zapatero38 306 64 3D 78.0 36% 95% 10.1% NR 14.7% NR

Zeitman12 196 66 PBRT 70.2 (GyE) 0% 0% 8.2% 0.5% 19.4% 1.5%
 195   79.2 (GyE)   17.4% 0.5% 20.4% 0.5%

Zelefsky39 363 42 3D 70.2 0% 29% 7%^ 0%^ 8%^ NR
 380   75.6   16%^ 1.6%^ 15%^ NR

Zilli28 82 52 IMRT 78.4^^^ 0% 13% 4.9% 1.2% 7.3% 1.2%
RT = radiotherapy; GI = gastrointestinal/bowel; GU = genitourinary/bladder; Gy = gray; GyE = gray equivalent;
IMRT = intensity-modulated radiotherapy; PBRT = proton radiotherapy; 
ADT = androgen deprivation therapy; NR = not reported 
*median dose; **mean dose; #approximate dose; 
^actuarial incidence at 5 years; ^^actuarial incidence at 3 years; ^^^bioequivalent dose; 
@median PTV dose.
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Figure 1.  Late toxicity rates.
(¨ = 2-D RT, 0 = 3-D RT, x = IMRT, ∆ = PBRT).

Results

Series
We identified 20 articles that provided satisfactory 
details, including a total of 11,835 patients treated with 
definitive radiotherapy for localized prostate cancer, 
Table 2.  We defined a “series” of patients as a group 
of patients treated with a relatively uniform approach 
for which late toxicity rates were reported.  Therefore, 
a randomized trial reporting outcomes for two study 
arms would provide two “series”.  The 20 articles 
utilized for this analysis included five phase III studies 
of RT dose escalation (ten patient series),8-12 five phase III 
studies testing the use or timing of ADT (nine series),30-34 
three phase I-II trials (seven series),25,27,35 and seven 
retrospective studies (nine series),24,26,28,36-39 for a total of 
35 patient series.  Two-dimensional RT was used in nine 
series, 3-D RT in 17 series, IMRT in six series, and PBRT 
in three series.  Restricting this analysis to studies that 
used the RTOG/EORTC late toxicity scoring system 
excluded 8 articles that otherwise would have met all 
inclusion criteria.

Median follow up ranged from 36 to 135 months 
(median: 60).  Crude toxicity rates were reported in 29 
series, actuarial rates of toxicity at 5 years were reported in 
five series, and actuarial toxicity incidence at 3 years was 
reported in one series.  The time point at which toxicities 
were reported (median follow up or actuarial reporting 
time) varied with treatment modality as follows:  3.5 to 
11.3 years (median 6.9 years) for 2-D RT, 4.8 to 9.5 years 
(median 5.0 years) for 3-D RT, 3.0 to 5.0 (median 4.0 
years) years for IMRT, and 3.0 to 5.5 years (median 5.5 
years) in PBRT series.  These differences were statistically 

significant (p = 0.026, using 1-way ANOVA test).
Median RT dose was 72.0 Gy (range: 64.0 Gy-80.0 Gy).  

In all nine of the 2-D RT series, the RT dose was 70.0 Gy 
or 70.2 Gy.  All patients received ADT in nine series, and 
in eight other series no patients received ADT.  In the 
remaining 18 series, the rate of ADT use ranged from 
12%-95% (median: 33%).  WPRT was utilized uniformly 
in eight series and for a portion of patients in three series.  

Grade ≥ 2 toxicity rates varied widely between 
series, Figure 1.  The median rate of late GI toxicity 
≥ grade 2 was 15% (range: 5%-33%, mean 16%).  For 
late GU toxicity ≥ grade 2, median incidence was 17% 
(range: 6%-41%, mean 18%).  Grade ≥ 3 events were less 
common.  The median rate of late GI toxicity ≥ grade 3 
was 2% (range: 0%-10%).  For late GU toxicity ≥ grade 3,  
median incidence was 3% (range: 0%-13%).

Univariate analyses – all series
Results of univariate analyses are shown in Table 3.  
There was no significant (p < 0.05) association between 
RT technique or dose, WPRT use, ADT administration, or 
the time point at which toxicities were reported and the 
reported rates of moderate or severe GI or GU toxicity.  
There was a trend (p = 0.071) suggesting that lower grade 
≥ 3 late GU toxicity rates were reported in the 3 PBRT 
series than in the 17 3-D series.

Meta-analysis of dose escalation trials
Five randomized trials testing dose escalation were 
utilized for meta-analysis.  RT doses in the control 
groups ranged from 64 Gy to 70.2 Gy, and doses in the 
experimental arms were 74 Gy to 80 Gy.  In each trial, 
the difference between the low and high dose arms was 
8 Gy-10 Gy.  Four studies utilized 3-D RT techniques,8-11 
and one used PBRT.12  

There was no evidence of heterogeneity (p > 0.10) with 
regards to the effect of dose escalation on any severity 
(grade ≥ 2 or grade ≥ 3) or type (GI or GU) of toxicity.  
Forest plots depicting the fixed-effects meta-analysis 
results are shown in Figure 2.  Dose escalation was 
associated with an increase in late GI toxicity, with odds 
ratios of 1.63 (95% CI: [1.44 to 1.82], p < 0.001) and 2.03 
(95% CI: [1.64 to 2.42], p < 0.001) for moderate and severe 
effects, respectively.  There were also trends for increased 
late GU complication rates with dose escalation, with 
odds ratios of 1.19 (95% CI: [0.99 to 1.40], p = 0.077) and 
1.29 (95% CI: [0.91 to 1.66], p = 0.130) for moderate and 
severe toxicity, respectively.

Separate analysis of series using escalated RT doses
Seventeen of 35 series utilized RT doses of at least 73.8 
Gy.  None of those series utilized 2-D RT, 10 used 3-D 
RT, 5 used IMRT, and 2 used PBRT.  Among this subset 
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TABLE 3.  Univariate analyses for late toxicity.  Parameters (except for RT technique) were tested as continuous 
variables.        

 Grade ≥ 2 late Grade ≥ 3 late Grade ≥ 2 late Grade ≥ 3 late 
 GI toxicity GI toxicity GU toxicity GU toxicity
 Coefficient Coefficient Coefficient Coefficient
 (95% CI, p value) (95% CI, p value) (95% CI, p value) (95% CI, p value)

3-D RT (n = 17) reference reference reference reference

2-D RT (n = 9) -3.5% -0.2% -3.3% 1.6%
 ([-13.9 to 6.8%], ([-2.1 to 1.6%], ([-14.8 to 8.2%], ([-0.9 to 4.2%],
 p = 0.488) p = 0.791) p = 0.556) p = 0.202)

IMRT (n = 6) -5.8% -0.2% -3.5% -2.0%
 ([-13.4 to 1.8%], ([-3.7 to 0.5%], ([-12.2 to 5.1%], ([-4.9 to 1.0%],
 p = 0.126) p = 0.139) p = 0.405) p = 0.182)

PBRT (n = 3) -0.1% -2.2% -2.7% -3.5%
 ([-10.6 to 10.3%], ([-5.1 to 0.6%], ([-14.2 to 8.8%], ([-7.4 to 0.3%],
 p = 0.977) p = 0.118) p = 0.636) p = 0.071)

RT dose 0.1% per Gy 0.1% per Gy 0.0% per Gy -0.1% per Gy
 ([-0.7 to 0.9%], ([-0.2 to 0.3%], ([-0.8 to 0.9%], ([-0.4 to 0.2%],
 p = 0.755) p = 0.587)  p = 0.966)  p = 0.514)

Pelvic RT -4.3% -0.3% -6.6% 2.0%
 ([-16.1 to 7.4%], ([-2.3 to 1.7%], ([-19.4 to 6.3%], ([-0.6 to 4.6%],
 p = 0.455) p = 0.746) p = 0.305) p = 0.130)

ADT use 0.1% 0.0% -5.8% -0.2%
 ([-9.6 to 9.8%], ([-2.2 to 2.2%], ([-16.2 to 4.7%], ([-3.2 to 2.9%],
 p = 0.977) p = 0.981) p = 0.269) p = 0.910)

Reporting time -0.6% per year 0.1% per year -1.2% per year 0.4% per year
 ([-2.3 to 1.1%], ([-0.4 to 0.5%], ([-0.6 to 3.0%], ([-0.2 to 1.0%],
 p = 0.458) p = 0.682) p = 0.183) p = 0.224)
GI = gastrointestinal; GU = genitourinary; CI = confidence interval; IMRT = intensity-modulation radiation therapy; 
PBRT = proton beam radiotherapy; RT = radiotherapy; ADT = androgen deprivation therapy.

of high dose studies, there was significant association 
between treatment modality and the time point at which 
toxicities were reported; that time point ranged from 4.8 
to 8.8 years (median 5.2 years) for 3-D RT series and 3.0 
to 5.5 (median 4.0 years) for IMRT and PBRT series.  The 
variation of toxicity reporting time point with treatment 
modality was statistically significant (p = 0.028) using a 
1-way ANOVA test.

The results of a multivariate analysis examining 
the effects of treatment modality and timing of toxicity 
reporting on each toxicity endpoint for high dose series 
are shown in Table 4.  Compared with 3-D RT, use of 
IMRT was associated with a statistically significant  
(p < 0.05) decline in the reported rates of grade ≥ 2 and 
grade ≥ 3 late GI toxicity.  Use of PBRT was associated 
with decreased grade ≥ 3 late GI toxicity as well as a 
trend towards decreased grade ≥ 3 late GU toxicity.  

There was no evidence that morbidity rates increased 
with longer follow up before toxicity reporting.  In fact, 
increasing time to toxicity reporting was associated 
with a statistically significant (p < 0.05) decrease in the 
incidence of both moderate and severe GI sequelae.  

Discussion

In this study, we utilized published data from 35 patient 
series to investigate the effects of RT dose and technique 
on late GI and GU toxicity following definitive treatment 
for prostate cancer.  The analysis incorporated the 
reported results of a total of nearly 12,000 prostate 
cancer patients who were treated with a variety of RT 
techniques and evaluated for toxicity using a single 
instrument (RTOG/EORTC Late Radiation Morbidity 
Scoring Criteria).  Our findings indicate that severe 
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TABLE 4.  Multivariate analyses assessing the impact of treatment technique and time of toxicity reporting on 
late toxicity rates in series using ≥ 73.8 Gy.  Bolded regions indicate a statistically significant effect (p < 0.05).          

 Grade ≥ 2 late Grade ≥ 3 late Grade ≥ 2 late Grade ≥ 3 late 
 GI toxicity GI toxicity GU toxicity GU toxicity
 Coefficient Coefficient Coefficient Coefficient
 (95% CI, p value) (95% CI, p value) (95% CI, p value) (95% CI, p value)

3-D RT (n = 9) reference reference reference reference

IMRT (n = 5) -15.4% -5.5% -3.1% -3.2%
 ([-26.7 to -4.2%], ([-8.8 to -2.1%], ([-16.9 to 10.6%], ([-8.1 to 1.7%],
 p = 0.011) p = 0.004) p = 0.629) p = 0.182)

PBRT (n = 3) -6.5% -5.9% -5.3% -5.4%
 ([-20.4 to 7.3%], ([-9.9 to -1.8%], ([-22.1 to 11.5%], ([-11.3 to 0.4%],
 p = 0.329) p = 0.008) p = 0.508) p = 0.065)

Reporting time -3.7% per year -1.0% per year -1.0% per year -0.5% per year
 ([-6.8 to -0.6%], ([-11.3 to 0.4%], ([-2.8 to 4.8%], ([-1.8 to -0.8%],
 p = 0.023) p = 0.038) p = 0.578) p = 0.440)
GI = gastrointestinal, GU = genitourinary, CI = confidence interval, IMRT = intensity-modulation radiation therapy, 
PBRT = proton beam radiotherapy, RT = radiotherapy, ADT = androgen deprivation therapy.

Figure 2.  Forest plots depicting the effect of dose escalation on late toxicity 
in five randomized trials (Beckendorf et al, Dearnaley et al, Peeters et al, 
Pollack et al, and Zeitman et al, from top to bottom).  Area of solid squares 
is proportional to sample size.  Extent of diamond represents the 95% 
confidence interval for the pooled estimate of effect size.
OR = odds ratio, GI = gastrointestinal, GU = genitourinary.

(grade ≥ 3) late GI and GU events are 
rare, typically occurring in less that 
5% of patients.  Our meta-analysis 
of randomized dose-escalation 
trials revealed that an increase in 
RT dose from 64-70 Gy to 74-80 Gy 
may approximately double the rate 
of severe late GI toxicity.  In the 
setting of dose escalation, reported 
GI toxicity rates were lower in series 
employing IMRT or PBRT rather 
than 3D-RT.  Although follow-
up tends to be shorter in series 
using these advanced treatment 
techniques, we did not find that 
toxicity rates increase with the 
interval to toxicity reporting.

Techniques in radiotherapy 
for localized prostate cancer have 
changed significantly over the past 
decade.  Level I evidence supports RT 
dose escalation for localized prostate 
cancer patients in all risk groups.8-12  
This has led to the utilization of higher 
RT doses around the world.13-15  Over 
the same time span, there has been a 
shift towards increasingly advanced 
and costly RT techniques.13,14,17  While 
use of high technology, expensive 
methods for patient immobilization, 
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target visualization, and conformal treatment delivery 
has become commonplace, there are no randomized 
data supporting their adoption.  Since advanced RT 
techniques are now considered standard for prostate 
cancer, it is unlikely that such trials will ever be carried 
out.

Previous reviews have been unable to define the 
effects of RT dose and RT technique on late morbidity.  An 
Association for Healthcare Research and Quality report 
has concluded that there is little or no difference in acute 
or late GI or GU toxicities between higher and lower 
dose RT.  The ICER review rated IMRT as “unproven 
with potential” in comparison to 3-D RT.22  Hummel et 
al performed a systematic review comparing IMRT to 
3-D RT and prostatectomy for prostate cancer, and they 
concluded that “toxicity can be reduced by increasing 
conformality of treatment… which can be more easily 
achieved with IMRT than 3-D CRT.”23  Finally, Bekelman 
et al recently presented a SEER-Medicare analysis of 
complication rates following prostatic radiotherapy using 
3-D RT and IMRT.16  They concluded that the use of IMRT 
was associated with only a moderate reduction in GI 
toxicity and that treatment modality did not significantly 
affect urinary complication rates.  As the authors point 
out, they were unable to account for RT dose.  As there 
have been trends towards both dose escalation and 
increased utilization of advanced treatment techniques in 
recent years,13-15, 17 we suspect a correlation between IMRT 
use and RT dose that may cause the benefits of IMRT to 
be understated in a population-based study.

The present report addresses some of the shortcomings 
of previous reviews.  To facilitate comparison of outcomes 
across studies, we restricted our analysis to series that 
used a single instrument to score toxicity.  When all 35 
patient series were compared, reported toxicity rates did 
not seem to vary with treatment technique or RT dose.  
Meta-analysis of randomized dose escalation trials, 
however, indicated that the rates of moderate or severe 
late GI toxicity may increase with RT dose.  Thus, we 
repeated our analysis using only the 17 patient series in 
which the median RT dose was at least 73.8 Gy.  Among 
those studies, reported rates of severe GI toxicity were 
lower in series employing IMRT or PBRT than in those 
using 3-D RT.  

We did not detect any relationship between the use 
of ADT or pelvic RT and the rates of late complications.  
While this may seem to contradict other reports,33,34 it 
may be an artifact of the retrospective nature of this study.  
Pelvic RT, for example, was rarely utilized in series using 
escalated RT doses.  Thus, a modest increase in toxicity 
caused by pelvic RT might have been overshadowed 
by the larger effect of total prescription dose.  In series 
where pelvic RT and ADT were not prescribed uniformly, 

selection bias may also mask potential effects on 
complication rates. 

There are several other limitations to the conclusions 
that can be drawn from this study.  This is a retrospective 
analysis, and some of the data were extracted from 
retrospective reports.  Scoring late radiotherapy toxicity 
is somewhat subjective, as prostate cancer patients 
are at risk for developing GI and GU symptoms from 
a number of causes.  This is particularly important 
for rare events such as severe toxicity, where a few 
misattributions can significantly alter the reported 
incidence rate.  Relatively few variables could be tested 
in this study; advances such as improvements in patient 
immobilization, image-guided RT techniques, increased 
use of high energy photons, and improved supportive 
care may affect treatment toxicity but were beyond the 
scope of this analysis.  Patient-specific factors such as 
age, comorbidities, and genetic features likely affect 
the risk of morbidity but could not be accounted for.  
Of note, median follow up was significantly shorter in 
series employing IMRT than in those where 2-D or 3-D 
RT was utilized.  While it is known that toxicity can 
develop many years after RT for prostate cancer,40,41 we 
could not detect a positive correlation between the time 
point at which toxicity was reported and incidence of 
any toxicity.  Additional study is necessary to determine 
if the benefits associated with IMRT and PBRT in this 
analysis are maintained with longer follow up.

Conclusion

Our meta-analysis of randomized trials, using a uniform 
toxicity scale, indicates that late toxicity rates increase 
with RT dose.  Published series in which dose escalated 
RT is delivered using IMRT or PBRT have relatively short 
follow up but report lower late GI toxicity rates than those 
employing 3-D RT to deliver similar doses.  This analysis 
supports the role of IMRT or PBRT for the safe delivery 
of dose escalated RT, and these observations should be 
further evaluated through prospective studies.
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