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differences. The 5-year risk of grade 2–4 gastrointestinal 
toxicity was 19.4 % (3D-CRT  70), 42.1 % (3D-CRT  74), 
20.5 % (IMRT 78), and 26.6 % (IMRT/SIB 82). The differ-
ences between 3D-CRT  74 and 3D-CRT  70 and between 
3D-CRT 74 and IMRT 78 were statistically significant (log 
rank p = 0.03). The 5-year Phoenix PSA relapse-free surviv-
al (PSA-RFS) in low-risk, intermediate-risk, and high-risk 
patients treated using 3D-CRT were 89.4, 65.5, and 57.8 %, 
respectively. Patients treated with IMRT achieved the fol-
lowing results: 90.9, 89.4, and 83.9 %. Clinical relapse-
free survival (C-RFS) in patients treated using 3D-CRT vs. 
IMRT for the aforementioned groups were 94.7 vs. 100 %, 
86.8 vs. 98.6 %, and 84.4 vs. 94.5 %. Disease-free sur-
vival (DFS) for patients treated using 3D-CRT were 83.1, 
70.9, and 71.5 %. The IMRT group reached 95.8, 89.1, and 

Abstract
Purpose  The purpose of this work was to compare toxic-
ity and cancer control between patients with prostate can-
cer treated using three-dimensional conformal radiotherapy 
(3D-CRT) and those treated using intensity-modulated ra-
diation therapy (IMRT).
Methods and materials  A total of 553 patients with prostate 
cancer were treated with 3D-CRT 70–74 Gy (3D-CRT 70, 
3D-CRT 74) or IMRT 78–82 Gy (IMRT 78, IMRT/SIB 82). 
Late toxicity was scored according to FC-RTOG/LENT cri-
teria. Biochemical failure was defined using the Phoenix 
and ASTRO definitions.
Results  The 5-year risk of grade 2–4 genitourinary toxic-
ity was 26.3 % (3D-CRT 70), 27.2 % (3D-CRT 74), 17.3 % 
(IMRT 78), and 25.1 % (IMRT/SIB 82) without statistical 
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87.6 %. The PSA-RFS for intermediate- and high-risk pa-
tients were statistically significant, while C-RFS and DFS 
were marginally better.
Conclusion  Dose escalation with IMRT was associated 
with improved cancer control in intermediate- and high-risk 
patients in comparison with 3D-CRT, without compromis-
ing toxicity.

Keywords  Intensity-modulated radiotherapy · 
3D-conformal radiotherapy · Toxicity · Cancer control · 
Prostate cancer

Vergleich der Morbidität und Tumorkontrolle 
nach Behandlung des Prostatakarzinoms mit 
dreidimensionaler konformaler (3D-CRT 70/74 Gy) 
und intensitätsmodulierter Strahlentherapie (IMRT 
78/82 Gy)

Zusammenfassung
Zielsetzung  Es erfolgte ein Vergleich von Toxizität und Tu-
morkontrolle bei Patienten mit Prostatakarzinom nach der 
Behandlung mit dreidimensionaler konformaler Strahlen-
therapie (3D-CRT) und intensitätsmodulierter Strahlenthe-
rapie (IMRT).
Patienten und Methodik  Es wurden 553  Patienten mit 
Prostatakarzinom mit 3D-CRT 70–74 Gy (3D-CRT 70, 3D-
CRT 74) oder IMRT 78–82 Gy (IMRT 78, IMRT/SIB 82) 
behandelt. Späte Toxizität wurde gemäß FC-RTOG/
LENT-Kriterien bewertet. Biochemisches Versagen wurde 
unter Verwendung der Phoenix- und ASTRO-Definition 
festgelegt.
Ergebnisse  Das 5-Jahres-Risiko einer Urogenitaltoxi-
zität Grad  2–4 lag bei 26,3 % (3D-CRT  70), 27,2 % (3D-
CRT  74), 17,3 % (IMRT  78) und 25,1 % (IMRT/SIB  82) 
mit keinem statistischen Unterschied. Das 5-Jahres-Risi-
ko einer Gastrointestinaltoxizität Grad  2–4 betrug 19,4 % 
(3D-CRT 70), 42,1 % (3D-CRT 74), 20,5 % (IMRT 78) und 
26,6 % (IMRT/SIB 82). Die Differenz zwischen 3D-CRT 74 
und 3D-CRT 70 bzw. zwischen 3D-CRT 74 und IMRT 78 
ist statistisch signifikant (Logrank-Test p = 0,03). Die 5-Jah-
res-Überlebensrate ohne PSA-Relaps (Phoenix PSA-RFS) 
bei Patienten mit niedrigem, mittlerem und hohem Risiko 
lag nach 3D-CRT bei 89,4, 65,5 und 57,8 %. Nach IMRT 
lag die entsprechende Überlebensrate bei 90,9, 89,4 und 
83,9 %. Das klinische rezidivfreie Überleben (C-RFS) nach 
3D-CRT vs. IMRT bei den oben genannten Risikogruppen 
betrug jeweils 94,7 vs. 100 %, 86,8 vs. 98,6 % und 84,4 vs. 
94,5 %. Das krankheitsfreies Überleben (DFS) betrug nach 
der Behandlung mit 3D-CRT 83,1, 70,9 und 71,5 %, nach 
der IMRT Behandlung 95,8, 89,1 und 87,6 %. Bei Mittel- 
und Hochrisikopatienten ist die PSA-RFS-Differenz statis-

tisch signifikant, und C-RFS und DFS zeigen geringfügig 
bessere Resultate.
Schlussfolgerung  Bei Mittel- und Hochrisikopatienten mit 
Prostatakarzinom führt eine Dosiseskalation mit IMRT 
gegenüber der 3D-CRT zu besserer Tumorkontrolle ohne 
kompromittierende Toxizität.

Schlüsselwörter  Intensitätsmodulierter Strahlentherapie · 
3D-konformaler Strahlentherapie · Toxizität · 
Tumorkontrolle · Prostatakarzinom

For a long time, three-dimensional conformal radiotherapy 
(3D-CRT) was the standard treatment technique for prostate 
irradiation [1–5]. In recent years, new technologies such as 
intensity-modulated radiation therapy (IMRT) and image-
guided radiotherapy (IGRT) have been introduced [6–15]. 
IMRT makes it possible to minimize the volume of normal 
tissue irradiated to high doses by producing steeper dose 
gradients [16–18]. The need to reduce toxicity is enhanced 
by the growing evidence of prostate cancer dose depen-
dence. Recently, four randomized controlled trials have 
focused on the role of dose levels in conformal radiotherapy 
with photons. All trials have confirmed improved biochemi-
cal results in patients treated with higher radiation doses 
compared with lower doses, but unfortunately even higher 
toxicity in escalated arms [19–22].

IMRT offers not only critical structure sparing, but also 
irradiation of different targets at different dose levels within 
a single treatment session. This treatment strategy, called 
simultaneous integrated boost (SIB), has become established 
in many anatomical sites. This technique has also been used 
in prostate cancer treatment for combined irradiation of pros-
tate and pelvic nodes in high-risk patients or for dose escala-
tion to the prostate only or to intraprostatic lesions [23–26].

Although a body of literature has demonstrated the abil-
ity of IMRT to reduce radiation doses to organs at risk com-
pared with 3D-CRT, there is a relative lack of studies directly 
comparing patient outcomes, including morbidity and can-
cer control. Therefore, it is necessary to establish whether 
these dosimetric benefits can translate into improved patient 
outcomes. [27].

Patients and methods

Between December 1997 and February 2008, a total of 
553  patients with biopsy-proven localized prostate cancer 
were primarily treated with curative radiation therapy using 
3D-CRT and IMRT. Pretreatment diagnostic evaluation 
consisted of physical examination (digital rectal examina-
tion included), PSA, Gleason score (GS) in the biopsy spec-
imen, computed tomography of pelvis, skeletal scintigraphy 
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Hormonal treatment

In the 3D-CRT cohort, hormonal treatment was only admin-
istered in patients with clinically locally advanced stage 
(T3). Hormonal treatment consisted of a combination of 
antiandrogen and luteinizing hormone-releasing hormone 
for 4–6  months before and during radiotherapy. Patients 
with GS 8–10 were treated using long-term hormonal treat-
ment for 2–3 years.

In the IMRT era, hormonal treatment was administered 
in all patients with high-risk cancer with an analogous treat-
ment regimen. Patients with GS  2–7 were treated using 
neoadjuvant and concomitant hormonal treatment for 
4–6  months before and during radiotherapy and patients 
with GS 8–10 were treated using long-term adjuvant treat-
ment for 2–3 years.

Follow-up

All patients were continuously followed during and after 
radiotherapy. The patients were scheduled to be seen every 
week during radiotherapy, 1 month after the end of treat-
ment, every 3 months for the first two years, every 6 months 
for the third to fifth year and once a year thereafter. Late gas-
trointestinal (GI) and genitourinary (GU) symptoms were 
recorded at each visit, using Fox Chase (FC) modification of 
the Radiation Therapy Oncology Group (RTOG) and Late 
Effects Normal Tissue Task Force (LENT) toxicity criteria 
[29]. The routine DRE and PSA were performed at each 
visit. Definition of event for the disease-free survival was as 
follows: clinical recurrence or death from any cause, which-
ever comes first. Clinical relapse-free survival was defined 
as survival without clinical recurrence (local/regional recur-
rence, distant metastases).

Statistics

The Kaplan–Meier product–limit method was selected to 
determine the risk of late toxicity development over time, 
the PSA relapse-free survival, the clinical relapse-free 
survival, the cancer-specific survival and overall survival. 
Treatment techniques (3D-CRT 70, 3D-CRT 74, IMRT 78, 
IMRT/SIB 82) were compared using a log-rank test. The 
Cox–Mantel test was employed to calculate the hazard ratio 
of late toxicity for particular treatment techniques.

Results

Patient distribution concerning age, T  stage, GS, pretreat-
ment PSA, risk group, additional hormonal therapy, history 
of urologic surgery, volume of prostate, and maximal pro-
portion of tumor is shown in detail in Table 1. The median 

and transrectal ultrasonography of the prostate. Patients 
were separated into three recurrence risk groups according 
to the National Comprehensive Cancer Network guidelines. 
3D-CRT was used in 320/553 patients (57.9 %) and IMRT in 
233/553 patients (42.1 %).

Radiation technique

The radiation treatment technique used was described pre-
viously [24, 28]. Briefly, patients were planned and treated 
in a supine position and they were advised to have a com-
fortably full bladder. A vacuum cushion for knee and foot 
support (VacLok/Dual Leg Positioner Cushion, MED-TEC) 
was used for immobilization.

In the 3D-CRT group, the clinical target volume (CTV) 
included the prostate and the base of the seminal vesicles. In 
cases with seminal vesicle invasion, the prostate and all of 
the seminal vesicles were covered. The planning target vol-
ume (PTV) was created by adding an isotropic 10 mm mar-
gin. Organs at risk (rectum and bladder) were delineated in 
CT slices 10 mm superior and inferior of the slices contain-
ing the PTV. Patients were treated with four wedged fields 
(30 °, 90 °, 270 °, 330 °) shaped with a 52-leaf multileaf col-
limator (MLC), 10 mm width per leaf. The prescribed dose 
was 70 Gy in a daily fraction of 2 Gy, 5 times a week for 
229 patients primarily with stage T1–T2 (3D-CRT 70) and 
74 Gy in 37 fractions for 91 patients with T3 tumors (3D-
CRT 74). Treatment verification was performed by using the 
electronic portal imaging device (PortalVision 3.8. Varian) 
once a week with accepted inaccuracy of 6 mm.

Two IMRT techniques were used. IMRT with a dose of 
78 Gy in 39 fractions to the prostate and seminal vesicles 
(IMRT78) in 160  patients and simultaneous integrated 
boost with a dose of 82 Gy in 41 fractions to the prostate 
and concurrently 73.8 Gy in 41 fractions to the seminal ves-
icles (IMRT/SIB 82) in 73 patients without seminal vesicle 
invasion. The PTV was generated by an isotropic 10 mm 
expansion of the CTV. The dose was prescribed at the iso-
center. The treatment technique included five coplanar fields 
(45 °, 100 °, 180 °, 260 °, 315 °), the intensity-modulated 
beams were delivered with a dynamic MLC, using the slid-
ing window technique. The following constraints for PTV 
and organs at risk were observed: at least 95 % of the PTV 
received 95 % of the prescribed dose; no more than 25 % 
of the rectal volume and 30 % of the bladder volume could 
receive a dose of 70 Gy; no more than 15 % or 15 cm³ of 
the rectal volume in absolute could receive a dose of 75 Gy 
[24, 28]. For treatment plan calculation, the planning sys-
tem CadPlan R 6.3.6 Helios/Eclipse 7.3 was used, and treat-
ment was delivered by Linac 600C linear accelerator using 
52-leaf MLC Mark with a width of 10 mm per leaf (Varian 
Medical Systems, Palo Alto, CA). Treatment verification 
was identical as for the 3D-CRT cohort.
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CRT  74), 14.3 % (IMRT  78), and 9.5 % (IMRT/SIB  82) 
of patients. Acute gastrointestinal toxicity grade  1 was 
observed in 41.9 % (3D-CRT  70), 37.4 % (3D-CRT  74), 
38.1 % (IMRT 78), and 36.9 % (IMRT/SIB 82) of patients. 
Acute gastrointestinal toxicity continued for more than 
4  weeks in 25.3 % (3D-CRT  70), 29.7 % (3D-CRT  74), 
26.8 % (IMRT  78), and 23.3 % of patients from IMRT/
SIB 82 group.

Late toxicity

The proportion of patients suffering from severe late tox-
icity was low. No fatal late GI/GU toxicity and one case 
of grade  4 toxicity were observed. The only patient with 
grade  4 toxicity underwent cystectomy for intractable 
hematuria 4.5 years after 3D-CRT to a dose of 70 Gy. He 
also suffered from coagulopathy due to liver cirrhosis. 
The 5-year risk of grade 2–4 GU toxicity was 26.3 % (3D-
CRT  70), 27.2 % (3D-CRT  74), 17.3 % (IMRT  78), and 
25.1 % (IMRT/SIB 82) without statistical differences. The 
median time to the development of grade ≥ 2 GU toxicity 
was 36 months (range 6–156 months).

The 5-year risk of grade  2–3 GI toxicity was 19.4 % 
(3D-CRT 70), 42.1 % (3D-CRT 74), 20.5 % (IMRT 78), and 
26.6 % (IMRT/SIB 82). The differences between 3D-CRT 74 
and 3D-CRT 70 and also between 3D-CRT 74 and IMRT 78 
were statistically significant (log rank p = 0.03). The median 
time to the development of grade  2–3 GI toxicity was 
18 months (range 6–96 months). Detailed analysis of late 
toxicity is shown in Table 2 and Fig. 1.

Cancer control

The 5-year ASTRO PSA relapse-free survival, Phoenix PSA 
relapse-free survival and 5-year disease-free survival rates 
for intermediate- and high-risk patients treated using dose-
escalated IMRT were significantly better in comparison with 
3D-CRT. The high-risk patients treated using IMRT achieved 
also significant improvement in terms of clinical relapse-free 
survival, cancer-specific survival, and overall survival at 
5 years. Detailed analysis is presented in Table 3, Figs. 2, 3.

Discussion

Although a body of literature has demonstrated the ability of 
IMRT to reduce radiation doses to organs at risk compared 
with 3D-CRT, there is a relative lack of studies directly 
comparing patient outcomes, including morbidity and can-
cer control.

We report the long-term results of 553  patients with 
prostate cancer who underwent primary radiation therapy 
using 3D-CRT or IMRT. We observed improved 5-year PSA 

follow-up for 3D-CRT and IMRT was 104 (range 6–180) 
and 60 (range 7–110) months.

Acute toxicity

We observed acute grade  2–4 genitourinary toxicity in 
30.1, 31.9, 33.1, and 28.8 % of patients in the 3D-CRT 70, 
3D-CRT  74, IMRT  78, and IMRT/SIB  82 group, respec-
tively. All cases of grade 4 toxicity (1.3, 6.6, 3.7, and 4.2 %) 
were caused by urethral obstruction requiring placement 
of a urinary catheter. Acute grade 1 genitourinary toxicity 
was noticed in 38.4 % (3D-CRT 70), 36.3 % (3D-CRT 74), 
35.0 % (IMRT 78), and 36.9 % (IMRT/SIB 82) of patients. 
Symptoms of acute genitourinary toxicity persisted for 
more than 1  month in 24.0 % (3D-CRT  70), 27.5 % (3D-
CRT 74), 36.2 % (IMRT 78), and 32.9 % of patients in the 
IMRT/SIB 82 group. Symptoms were present for more than 
12 weeks after treatment in 6.1 % (3D-CRT 70), 8.8 % (3D-
CRT 74), 13.1 % (IMRT 78), and 10.9 % (IMRT/SIB 82) of 
patients.

Overall, no fatal toxicity or grade 3–4 acute gastrointes-
tinal toxicity was observed. Acute grade 2 gastrointestinal 
toxicity was noticed in 32.3 % (3D-CRT 70), 34.1 % (3D-

Table 1  Patientsʼ characteristics
3D CRT IMRT

Patients, n 320 233
Median age, years (range) 70 (48–81) 71.3 (51–84)
Stage

T1 50 (15.6 %) 16 (6.9 %)
T2 174 (54.4 %) 92 (39.5 %)
T3 96 (30 %) 125 (53.6 %)

GS
2–6 239 (74.7 %) 164 (70.4 %)
7 45 (14.1 %) 44 (18.9 %)
8–10 36 (11.2 %) 25 (10.7 %)
PSA (median) 12.1 (1–150) 10.1 (1.2–79)

Risk group
Low 59 (18.4 %) 24 (10.3 %)
Intermediate 110 (34.4 %) 73 (31.3 %)
High 151 (47.2 %) 136 (58.4 %)

Androgen deprivation
No androgen deprivation 191 (59.7 %) 88 (37.8 %)
Neoadjuvant 102 (31.9 %) 128 (54.9 %)
Long-term adjuvant 27 (8.4 %) 17 (7.3 %)

TURP/TVPE 100 (31.3 %) 24 (10.3 %)
Prostate volume (median, cc) 26 (9–110) 28 (10–109)
Tumor diameter on TRUS
(median, mm)

14 (6–40) 14 (6–35)

Follow-up (median, months) 104 (6–180) 60 (7–110)
3D CRT three-dimensional conformal radiotherapy, IMRT intensity-
modulated radiation therapy, GS Gleason score, PSA Prostate-
specific antigen, TURP Transurethral resection of the prostate, TVPE 
Transvesical prostatectomy, TRUS Transrectal ultrasound, CC cubic 
centimeters
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treated with higher doses using IMRT experienced less 
GI toxicity grade  3 compared with patients treated using 
3D-CRT 74 Gy.

Our results compare favorably with previously published 
data. Zelefsky et al. [30] reported a fivefold reduction in 
2-year actuarial incidence of late grade 2 and 3 rectal bleed-
ing for patients treated with 81  Gy IMRT compared with 
81 Gy 3D-CRT. In subset analysis of a Dutch trial (70 Gy 
vs 78  Gy), IMRT was associated with reduced 5-year 
late grade ≥ 2 GI toxicity, without statistical significance 
(p = 0.16) [31]. Similar results were obtained in subset 
analysis of the RTOG 0126 study, comparing 491 patients 
treated to the dose 79.2 Gy using 3D-CRT to 257 patients 
treated to the same dose level using IMRT [32]. The cumu-
lative incidence of GI toxicity grade ≥ 2 at 3 years was 22 vs 
15.1 % (p = 0.039). Retrospective studies and studies using 
the Surveillance, Epidemiology, and End Results (SEER)-
Medicare database have demonstrated similar findings 
[33–35].

As in the present article, most studies have not found a 
reduction in late GU toxicity from IMRT compared with 
3D-CRT [31, 32, 34]. These findings were consistent with 

relapse-free survival and disease-free survival in patients 
at intermediate and high risk, treated using dose-escalated 
IMRT 78–82  Gy in comparison with 3D-CRT 70–74  Gy 
without compromising toxicity results. Conversely, patients 

Fig. 1  Grade ≥ 2 late toxicity risk

 Table 2  Late genitourinary (GU) and gastrointestinal (GI) side effects
5-year risk Treatment Cox–Mantel
GI toxicity grade 2

3D-CRT 70 Gy 16.0 % 70 vs 74 p = 0.53
3D-CRT 74 Gy 20.4 % 70 vs 78 p = 0.86
IMRT 78 Gy 13.6 % 70 vs 82 p = 0.39
IMRT/SIB 
82 Gy

19.6 % 74 vs 78 p = 0.45

74 vs 82 p = 0.83
78 vs 82 p = 0.36

GI toxicity grade 3
3D-CRT 70 Gy 2.9 % 70 vs 74 p = 0.01
3D-CRT 74 Gy 17.7 % 70 vs 78 p = 0.11
IMRT 78 Gy 5.9 % 70 vs 82 p = 0.17
IMRT/SIB 
82 Gy

5.8 % 74 vs 78 p = 0.02

74 vs 82 p = 0.07
78 vs 82 p = 0.93

GI toxicity grade ≥ 2
3D-CRT 70 Gy 19.4 % 70 vs 74 p < 0.01
3D-CRT 74 Gy 42.1 % 70 vs 78 p = 0.55
IMRT 78 Gy 20.4 % 70 vs 82 p = 0.16
IMRT/SIB 
82 Gy

26.6 % 74 vs 78 p = 0.03

74 vs 82 p = 0.30
78 vs 82 p = 0.45

GU toxicity grade 2
3D-CRT 70 Gy 7.4 % 70 vs 74 p = 0.94
3D-CRT 74 Gy 8.6 % 70 vs 78 p = 0.69
IMRT 78 Gy 6.2 % 70 vs 82 p = 0.87
IMRT/SIB 
82 Gy

8.0 % 74 vs 78 p = 0.90

74 vs 82 p = 0.67
78 vs 82 p = 0.78

GU toxicity grade 3
3D-CRT 70 Gy 16.1 % 70 vs 74 p = 0.97
3D-CRT 74 Gy 15.3 % 70 vs 78 p = 0.11
IMRT 78 Gy 8.7 % 70 vs 82 p = 0.65
IMRT/SIB 
82 Gy

12.3 % 74 vs 78 p = 0.14

74 vs 82 p = 0.61
78 vs 82 p = 0.45

GU toxicity grade ≥ 2
3D-CRT 70 Gy 26.3 % 70 vs 74 p = 0.99
3D-CRT 74 Gy 25.4 % 70 vs 78 p = 0.25
IMRT 78 Gy 15.5 % 70 vs 82 p = 0.60
IMRT/SIB 
82 Gy

21.8 % 74 vs 78 p = 0.21

74 vs 82 p = 0.48
78 vs 82 p = 0.69

3D CRT three-dimensional conformal radiotherapy, IMRT intensity-
modulated radiation therapy
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Fig. 3  Disease-free survival

 

Fig. 2  PSA relapse-free survival Phoenix
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ing IMRT. The results of high-risk patients were also related 
to changes in hormonal treatment policies. Whereas all 
patients with high risk in the IMRT cohort underwent hor-
monal treatment, in the 3D-CRT cohort, only patients with 
locally advanced T3 tumors were treated using hormonal 
therapy. Nevertheless, we are convinced that improved 
results for intermediate-risk patients in our series are mainly 
due to dose escalation using IMRT with relative large CTV–
PTV margins. First, contouring and margins remained 
identical since the beginning of the 3D-CRT era. Second, 
treatment verification was identical for all patients. Third, 
no patients with intermediate risk in either subgroup were 
treated with hormonal therapy. Fourth, treatment staging 
was identical for both groups (transrectal ultrasonography 
was performed in all patients by only two radiologists, MRI 
was not part of staging procedure during this period). And 
finally, all patients were followed prospectively and DRE 
with PSA were performed at each visit. To minimize the ret-
rospective bias by eliminating the pathologic migration, we 
compared patients with PSA value 8–18 μg/l without any 
hormonal treatment according to the treatment technique. 
The 5-year DFS for 3D-CRT cohort was 82.9 % in compari-
son with 95.6 % for patients treated using IMRT (p = 0.03). 
This result is consistent with the explorative analysis of a 
Dutch trial for identical subgroups of patients published 
recently by Heemsbergen et al. [37].

We believe that a possible explanation of the improved 
outcome in patients with intermediate risk is combination 
of dose escalation and using of relatively large CTV–PTV 
margins. The mean dose in this subgroup was 80.2 Gy for 
IMRT group while all patients with intermediate risk in the 
3D-CRT group were treated to 70 Gy. In the MRC RT01 
trial, no margins were used after 64 Gy. For patients treated 
in the Dutch trial, a 5  mm margin was used after 68  Gy, 
except for the interface between CTV and rectal wall where 
no margin was taken to spare rectum. In a French trial the 
PTV was obtained by adjunction of a 10 mm margin in all 
directions except posterior, where the margin was reduced 
to 5 mm. The largest margins were used in MD Anderson, 
where the PTV included a margin of 10 mm superiorly and 
inferiorly, 10–12.5 mm anteriorly, and 7.5 mm posteriorly.

These results can be improved by the use of image-guided 
radiotherapy [9, 38, 39]. Targeted irradiation and reduction 
of the safety margin can lead to a further decrease of toxicity 
and better biochemical tumor control [14].

Conclusion

In our retrospective study, the use of IMRT with dose esca-
lation to 78–82  Gy was associated with improved PSA 
relapse-free survival and clinical relapse-free survival at 
5 years in patients at intermediate and high risk in compari-

the results of two SEER-Medicare studies [35]. Conversely, 
Zelefsky et al. [33] reported that IMRT to 81 Gy was associ-
ated with a higher rate of late GU toxicity grade ≥ 2 in com-
parison with 3D-CRT 66–81 Gy.

There is now growing evidence supporting a benefit of 
dose escalation. Four randomized controlled trials have 
confirmed improved biochemical control outcomes with 
higher radiation dose levels compared with lower doses 
[19–22]. Recently, higher radiation dose levels were con-
sistently associated with reduction in distant metastases [4]. 
Increasing use of dose escalation with 3D-CRT techniques 
leads to higher morbidity, especially long-term rectal toxic-
ity. The assumption that IMRT will improve the oncologi-
cal outcome without affecting toxicity was confirmed by 
Vora et al. [36]. In this retrospective study patients were 
treated with 3D-CRT to 68.4 Gy or by IMRT to 75.6 Gy. 
The patients in the IMRT group had improved 5-year bio-
chemical control without significant difference in GI or GU 
toxicity. Our results are consistent with this data. Moreover, 
the improvement in PSA relapse-free survival was trans-
lated into significantly better clinical relapse-free survival 
in intermediate- and high-risk patients.

The presented study can be influenced by retrospective 
bias. The median of follow-up for patients treated using 
3D-CRT was 104 months vs 60 months in patients receiv-

Table 3  Cancer control
5-year risk 3D-CRT IMRT Cox–Mantel
PSA relapse-free survival ASTRO
Low risk 80.4 % 86.1 % p = 0.265
Intermediate risk 53.7 % 76.3 % p = 0.003
High risk 46.1 % 77.2 % p < 0.001
PSA relapse-free survival Phoenix
Low risk 89.4 % 90.9 % p = 0.328
Intermediate risk 65.5 % 89.4 % p = 0.007
High risk 57.8 % 83.9 % p < 0.001
Clinical relapse-free survival
Low risk 94.7 % 100 % p = 0.255
Intermediate risk 86.8 % 98.6 % p = 0.051
High risk 84.4 % 94.5 % p = 0.012
Disease-free survival
Low risk 83.1 % 95.8 % p = 0.305
Intermediate risk 70.9 % 89.1 % p = 0.047
High risk 71.5 % 87.6 % p = 0.001
Cancer-specific survival
Low risk 98.3 % 100 % p = 0.543
Intermediate risk 93.6 % 98.1 % p = 0.244
High risk 89.8 % 96.8 % p = 0.049
Overall survival
Low risk 86.4 % 95.8 % p = 0.518
Intermediate risk 75.5 % 88.7 % p = 0.105
High risk 76.2 % 89.1 % p = 0.011
3D CRT three-dimensional conformal radiotherapy, IMRT intensity-
modulated radiation therapy
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son with 3D-CRT 70–74 Gy without compromising toxic-
ity results. These results should be confirmed in prospective 
study to exclude retrospective bias.
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