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The Guidelines Project, an initiative of the Brazilian Medical Association, aims to combine information from the medical field in order to standar-

dize procedures to assist the reasoning and decision-making of doctors.

The information provided through this project must be assessed and criticized by the physician responsible for the conduct that will be adopted, de-

pending on the conditions and the clinical status of each patient.

Description of the evidence collection me-
thod
Through the development of relevant clinical questions 
related to the proposed theme, we tried to present the 
main evidence for the safety, toxicity, effectiveness and 
social benefit of IMRT. The study population consisted 
of male patients of all ages with prostate tumors of any 
histological type, regardless of the stage of disease or the 
presence of comorbidities. For this, a systematic review 
of the literature was performed in primary scientific re-
search databases (Medline – Pubmed; Embase – Elsevier; 
Lilacs – Bireme; Cochrane Library – Central Register of 
Controlled Trials). All articles available until June 15, 2013, 
were included. The keywords used in the search were: (“Ra-
diotherapy, Intensity-Modulated”[Mesh]) AND “Prosta-
tic Neoplasms”[Mesh]). The articles were selected based 
on critical evaluation using the instruments (scores) pro-
posed by Jadad and Oxford; references with greater 
strength of evidence were used. Recommendations were 
prepared from discussion with the writing group, com-
posed of three members of the Brazilian Society of Ra-
diotherapy. The guideline was reviewed by an indepen-
dent group specializing in evidence-based clinical 
guidelines. After completion, the guideline was made avai-
lable for public consultation for 15 days and the sugges-
tions forwarded to the writers for evaluation and consi-
deration [possible incorporation] into the final text.

Degrees of recommendation and strength 
of evidence

A.	Experimental or observational studies of higher con-
sistency.

B.	Experimental or observational studies of lower con-
sistency.

C.	Case reports (non-controlled studies).
D.	Opinions without critical evaluation, based on con-

sensus, physiological studies, or animal models.

Objective
To assess whether the Intensity Modulated Radiotherapy 
(IMRT) should be considered as the most appropriate 
method of external radiation therapy for the treatment 
of patients with prostate cancer.
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Introduction
Prostate cancer (PCa) is the sixth most common type of 
cancer worldwide and the most prevalent in men, accoun-
ting for about 10% of all cancer cases. In the world popu-
lation, about 3% of men die from PCa (D).1 The morta-
lity/incidence ratio of this type of cancer varies from 0.13 
in North America to 0.80 in Africa, reflecting, in part, its 
good prognosis. The worldwide average estimated five-
-year survival rate is 58%. Incidence rates are about six ti-
mes higher in developed countries compared to develo-
ping countries. In Brazil, in 2012, 60,180 new cases of PCa 
were estimated and, except for non-melanoma skin tu-
mors, this was the most common cancer among men. The 
figures correspond to 62 new cases per 100,000 men (D).2

PCa is considered a cancer of the elderly, because 
about three quarters of the cases throughout the world 
occur at 65 years of age or older. In general, the tumor 
has a slow growth with long doubling time, taking about 
15 years to reach 1 cm (D).³ To date, research has confir-
med the presence of two risk factors associated with the 
development of PCa: age and heredity. If a first-degree re-
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lative has the disease, the risk at least doubles. If two or 
more first-degree relatives have the disease, the risk in-
creases 5-11 times (D).3

Early detection of PCa in most cases is done through 
digital rectal examination or by measuring the serum con-
centration of prostate specific antigen (PSA). Diagnosis 
must be confirmed by biopsy, usually performed with a 
needle guided by transrectal ultrasound (D).4 Currently, 
serum PSA is widespread and therefore many patients have 
early diagnosis of PCa before presenting the classic symp-
toms of the disease. PCa may also be diagnosed as a re-
sult of surgical investigation or treatment of benign pros-
tatic hyperplasia (BPH) (D).1

Once the disease is diagnosed, a prognostic analysis 
for prostate cancer is usually performed by combining 
the results of the PSA, clinical staging and histological 
tumor grade, in addition to the life expectancy of the pa-
tient. Clinical staging is generally based on the 2002 TNM 
classification by the American Joint Committee on Can-
cer (D).4 The TNM classification describes the extent of 
the primary tumor (T), presence or absence of tumor in 
nearby lymph nodes (N) and presence or absence of me-
tastasis (M). The histological grade of the tumor can be 
expressed using Gleason score, which is based on exami-
nation of tissue samples from the prostate, seminal vesi-
cles and adjacent structures and, where relevant, pelvic 
lymph nodes. A score of 2 to 10 is given so that 2 indica-
tes that the tumor is less aggressive and a score of 10 re-
presents the most aggressive cancer (D).3

The combination of clinical classification staging, his-
tological grade and PSA levels are widely used to assess 
the risk of microscopic tumor spread beyond the prosta-
te, the risk of recurrence and the probability of success 
of local therapy. 

From results of large studies, many nomograms 
using these prognostic factors were developed to assist 
this assessment. A nomogram is a statistical tool used 
to describe the likely course of disease using variables 
such as diagnostic findings, age, and treatment options. 
The definitions of degrees of disease risk (low, modera-
te and high) have varied slightly among the different no-
mograms. The most commonly used risk stratification 
nomogram is presented by the National Comprehensi-
ve Cancer Network (NCCN), which defines the following 
risk stratification:

•• Low: T1-T2a, Gleason 2-6 and PSA <10ng/mL;
•• Moderate: T2b-T2c, Gleason 7 or PSA 10-20ng/mL;
•• High: T3a, Gleason 8-10 or PSA >20ng/mL.

Risk categories are used by the physician as an essential 
element for decision-making and discussion with patients 
about the options for local medical treatment. New in-
dependent prognostic factors are being investigated and 
probably the next generation of scales will incorporate 
other pre and post-treatment variables to predict clinical 
outcomes in PCa (D).4

The most common treatments for prostate cancer in-
clude: 

1.	 Radical prostatectomy (surgery for total removal of 
the prostate and surrounding structures); 

2.	 External beam radiation therapy [including conventio-
nal radiotherapy (2D), three-dimensional conformal ra-
diotherapy (3D-CRT), intensity modulated radiation 
therapy (IMRT), and three-dimensional radiotherapy 
or intensity modulated radiation therapy directed to 
treatment target – Image Guided Radiotherapy (IGRT)]; 

3.	 Brachytherapy; 
4.	 Cryotherapy; 
5.	 Androgen suppression therapy (hormone therapy). 

The goals of treatment are to prevent death and disabi-
lity due to PCa, minimizing complications related to the 
interventions.

Technology description
Radiotherapy is the specific use of high-energy ionizing 
radiation that can use X-ray, gamma ray, or proton treat-
ment beams, as well as other sources to treat cancer. Ra-
diation may come from an external source (external ra-
diotherapy) or from a source located close to the tumor, 
placed inside the body (brachytherapy).

In recent years, the planning and the execution of ra-
diotherapy have gone through a significant process of 
change. This change results mainly from continued ad-
vances in the incorporation of imaging methods and new 

“hardware and software” to planning, which have enabled 
the continuous improvement of the methods for release 
of radiation, dosage accuracy and implementation of ra-
diotherapy, combined with a continuous investment in 
education and training for professionals who perform 
the investigations (D).5

One method widely used is the three-dimensional 
conformal radiotherapy (3D-CRT). This is an advanced 
form of external radiation therapy that uses the compu-
ter to create a three-dimensional image of the tumor, al-
lowing multiple radiation beams of uniform intensity to 
be conformed exactly to the contour of the target treat-
ment area (area to be treated plus a safe margin) (B).6
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Intensity Modulated Radiation Therapy (IMRT) is 
an advanced technique of radiation dose release. Develo-
ped in the late 1990s, IMRT not only allows radiation to 
be shaped to the contour of the target area, but also uses 
multiple angular radiation beams and non-uniform in-
tensities. IMRT is an evolution of conformal radiothe-
rapy, since it is able to modulate the treatment beam, pro-
viding greater dose intensity at the area of interest and 
sparing areas where intensity is not desired. With this, it 
is possible to irradiate irregular tumors; tumors with con-
cave features; and tumors with complex morphology that 

“surround” normal structures, without causing excessive 
exposure of surrounding tissues to radiation. The objec-
tive is to conform the radiation to the shape of the target 
volume as much as possible, in an attempt to further pro-
tect adjacent structures (D).4,7 IMRT techniques are sig-
nificantly more complex than other traditional forms of 
radiation, including conformal. 

The radiation dose is designed to conform to the th-
ree-dimensional shape of the tumor by modulating or 
controlling the intensity of sub-components in each ra-
diation beam. Therefore, high radiation dose is used in 
the target tumor while the expectation is to reduce the 
exposure of normal surrounding tissues to radiation, see-
king to reduce treatment toxicity.

IMRT planning is more complex and challenging 
than the planning of conformal radiotherapy. In both 
cases, the specialist in radiotherapy indicates specific 
targets (target tumor, nodular elective areas) and avoi-
ded structures (rectal wall, bladder, coxofemoral region, 
intestines, etc). In conformal radiation, the arrangement 
of the beams is shaped so that there are generous field 
margins to compensate for daily configuration varia-
tions and physical characteristics of the beam itself. 
IMRT planning, on the other hand, requires dose speci-
fications to be defined both for the target organ and the 
structures that must be protected, establishing toleran-
ce restrictions according to the importance of protec-
tion needed for that specific organ under evaluation. 
The planning software creates a set of standards for mo-
dulation and angulation of each beam seeking to reach 
the doses prescribed by the doctor. This process is known 
as inverse planning (D).7

In clinical practice, IMRT application requires seve-
ral steps, from planning to procedure completion (B):6

1.	 Image acquisition: the images, usually CT scan of the 
area to be radiated, must be obtained in the same posi-
tion that the patient will undergo treatment, with all 
the parts used for immobilization. Serial sections of the 

area to be irradiated are taken, using thin thickness pre-
determined by a doctor. The criteria for rectal and blad-
der filling are given to the patients before taking the 
images, and the machine used for acquiring them should 
be devoted to radiation therapy. If the test is carried out 
using a non-dedicated machine, a rectifier board for de-
cubitus support must be manufactured to ensure re-
producibility of positioning during image acquisition, 
similar to that of the time of treatment.

2.	 Image transfer: after image acquisition, they are 
transferred to the computer that will perform the 
treatment’s calculations.

3.	 Structure outlining: careful outlining of the irradia-
tion volumes and organs at risk is necessary, with the 
aid of computed tomography and other image me-
thods (usually MRI), so that the prescribed dose of 
radiation can reach the target organ, affecting the 
normal surrounding tissues as little as possible.

4.	Assignment of restrictions and permissions: or-
gans and structures that will be positively valued or 
with less intensity are defined, as well as dose pres-
cription and constraints. Next, the technician prepa-
res the planning according to these settings.

5.	 Physical planning: a personalized treatment plan is 
prepared so that the requirements of ‘target’, ‘dose’ 
and ‘dose constraint of the surrounding structures’ 
are respected. 3D CRT scan images of the patient in 
conjunction with computerized calculation of doses 
are used for this purpose.

6.	Analysis of the dose per volume and acceptance 
of the calculated plan: the plan calculated by the 
technician is evaluated, with special attention to the 
analysis of the dose-volume histogram, accepting it 
or rejecting it, according to the specifications of each 
organ in each specific case.

7.	 Data transfer to the therapy equipment: the data 
is transferred to the machine where the patient will 
undergo treatment, and the radiation technician eva-
luates all predetermined parameters.

8.	Verification of patient positioning and prescrip-
tions: the patient is positioned and positioning checks 
are made. After all the technical parameters on the 
screens are confirmed, treatment is initiated. The 
whole course of treatment is monitored and super-
vised by cameras aiming at ensuring the immobiliza-
tion of the patient during movement of the machi-
ne. Treatment involves reproduction of the 
therapeutic plan, day to day and field to field, with 
the correct positioning of the patient and the preci-
se location of the target organ.
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ding, which may require specialized treatment. Moderate 
to severe genitourinary effects are caused by the irritability 
of the detrusor muscle or urothelial inflammation, resul-
ting in urgency, frequency changes and dysuria (difficulty 
urinating). Delayed genitourinary effects include obstruc-
tion of the bladder neck or urethra, causing urgency and 
sometimes acute urinary retention. In addition to these, 
erectile dysfunction is an effect often observed and its me-
chanism is not yet fully understood (D).4

In Brazil, as described in the list of health procedu-
res and events of the Brazilian Supplemental Health Sys-
tem (Agência Nacional de Saúde Suplementar, ANS), bra-
chytherapy, conventional radiotherapy (2D) and 
conformal radiotherapy (3D-CRT) are mandatory cove-
rage techniques for PCa by private health plans, in accor-
dance with the characteristics of each plan (D).12,13

Based on clinical experience with radiotherapy com-
plications, a standardized dose limit per volume of nor-
mal organ has been created, namely Quantitative Analy-
sis of Normal Tissue Effects in the Clinic (Quantec) (B),14 
recommended throughout the world today as a practical 
guide for conducting radiotherapy in all parts of the body. 
One can only know this quantification of dose based on 
three-dimensional planning. 

This renders the 2D conventional radiotherapy obsole-
te due to inaccuracy in locating the target, requiring large 
margins to avoid error, and also the impossibility of deter-
mining the dose received by normal organs. Therefore, mo-
dern radiotherapy for curative treatment of prostate cancer 
using external radiation therapy requires the use of three-
-dimensional techniques such as IMRT and conformal. 

Experience with this type of treatment is increasing 
in our midst, but recent studies have indicated that this 
form of dose administration can be improved in patients 
with prostate cancer, especially in high-risk lesions and 
in advanced disease.

Several authors have shown that dose escalation, a 
technique in which the amount of ionizing radiation de-
livered to the tumor is equal to or greater than 78Gy, is 
related to increased local control of disease, but confor-
mal technique does not allow such high doses, with do-
simetric safety constraints to organs at risk, especially 
rectum, bladder and head of femur (B)10,15 (D).16,17

Recommendation
Conformal radiation therapy is increasingly being repla-
ced, since this technique does not allow higher doses to 
be achieved, with dose safety constraints per volume of 
normal organ being maintained. IMRT with radiation 
dose greater than or equal to 78Gy is recommended.

Is there a difference in the efficacy of 
treatment of prostate tumors with IMRT?
There are few data that examine the comparative effects of 
treatments for PCa. Data suggest that these interventions 
have comparable cure rates; however, they differ in terms 
of characteristics of side effects. As there is no single ap-
proach considered “reference standard”, patients and phy-
sicians have difficulty in choosing between treatment op-
tions to determine the best therapeutic approach (D)4 (B).8

There is evidence that surgery, radiotherapy and bra-
chytherapy are effective approaches for disease control (B).9 

The importance of maintenance doses equal to or 
greater than 80Gy, particularly in patients with high Glea-
son score, is pointed out to obtain better results in terms 
of reduction of biochemical failure risk, progression to 
metastatic disease and overall death (B).10 

One study showed a linear improvement in bioche-
mical control with dose escalation to 80Gy, noting that 
better controls can be expected beyond that dose (B).11

Authors found evidence indicating that surgically trea-
ted patients tend to have more genitourinary symptoms and 
sexual dysfunction, while irradiated patients tend to suffer 
more gastrointestinal symptoms (B).8 Another study that 
only evaluated the ability to maintain erectile function and 
included 54 trials (5.000 patients) revealed that there is a 
greater chance of preserving erectile funtion using radiation 
therapy compared to all surgical interventions (radical pros-
tatectomy, nerve sparing surgery or cryotherapy) (B). 11

Recommendation
There is no data showing efficacy of the different prosta-
te cancer treatments, only data that suggest comparable 
cure rates; nevertheless, therapies differ in terms of cha-
racteristics of side effects.

Is there less toxicity when irradiating pros-
tate tumors with IMRT compared to con-
formal or conventional radiotherapy?
The main adverse effects of radiation therapy result from 
radiation effects on surrounding tissues (gastrointestinal, 
genitourinary and sexual organs). The toxic effects are clas-
sified as acute (when they occur within 90 days after ini-
tiation of treatment) or late. Gastrointestinal initial symp-
toms include abdominal cramps, tenesmus (painful sensation 
in the lower abdomen or in the anal area with a constant 
feeling of the need to pass stool, but without almost any 
relief), urgency and increased stool frequency that are 
usually controlled with antidiarrheal medication. Delayed 
gastrointestinal effects include urgency, change in stool 
frequency, and mucus discharge or rectal mucosal blee-
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Is irradiation of patients with prostate can-
cer using IMRT a superior technique com-
pared to conformal radiation therapy? 
The search for evidence to enable the answer to this ques-
tion was performed in six scenarios: 

1.	 Localized disease;
2.	 Locally advanced disease;
3.	 Pelvic lymph node radiotherapy;
4.	 Radiotherapy after prostatectomy;
5.	 Hypofractionated Regimens;
6.	 Dose escalation.

Localized disease
Radiotherapy is used as definitive treatment, in high do-
ses, in patients with localized prostate cancer, resulting 
in local control of the disease (D)17 (B).18

The recommended dose for curative treatment of lo-
calized prostate cancer is well established as 72Gy. Pa-
tients with high-risk tumors should receive higher dose, 
usually around 78Gy (D).19,20

A study comparing radical prostatectomy with high-
-dose radiotherapy using IMRT (doses equal to or greater 
than 72Gy) showed that for patients with localized high-

-risk prostate cancer there was an increase in biochemical 
relapse-free survival. The difference was 38.4% versus 62.2%, 
favoring IMRT (B).21

Authors analyzed eleven studies involving 4,559 pa-
tients treated with IMRT and conformal radiotherapy (D).22 
One study showed favorable results in favor of IMRT in res-
pect of biochemical failure-free survival at five years (IMRT 

= 74.1% versus conformal = 60.4%; p<0,0001) (B);23 and ano-
ther study showed no significant difference in clinical re-
currence-free survival at five years (IMRT = 90% versus con-
formal = 72%; p = 0.07) (B).24 None of the studies, however, 
showed differences in survival for specific disease. With re-
gard to acute and delayed adverse effects, both of gastroin-
testinal and genitourinary nature, although there were slight 
differences among the studies, the results of toxicity in pa-
tients treated with IMRT were better compared to confor-
mal radiation (D).22

Recommendation
IMRT has dosimetric advantages over conformal radio-
therapy in patients with localized disease.

Locally advanced disease
The combination of radiotherapy and androgen depriva-
tion is considered standard therapy for locally advanced 
prostate cancer. This scenario classically includes large 

tumors, stage T3 and some T4, which require approxi-
mate doses of 78Gy or more for control. 

Patients with localized prostate cancer who received 
radiation doses as high as 81Gy using IMRT achieved ex-
cellent local control in 10 years and the findings indica-
te that IMRT in high doses was well tolerated (B).25

A study comparing conformal radiotherapy and IMRT 
showed that radiation dose escalation, which is possible using 
IMRT (doses greater than 80Gy), was associated with less risk 
of biochemical failure, metastatic disease and overall morta-
lity, with no increase in genitourinary and gastrointestinal 
toxicity. The use of IMRT enabled increase in radiation do-
sage (dose escalation), with reduced toxicity to normal sur-
rounding tissue, increasing the local biochemical control of 
the disease, as well as distant metastatic disease-free survival, 
and reducing the specific cancer mortality rate (B).10

The evaluation of new treatments such as IMRT, radia-
tion therapy with protons and conformal radiotherapy, con-
ducted in patients registered in the SEER (Surveillance Epide-
miology and End Results) database, showed that IMRT was 
associated with lower gastrointestinal morbidity and fewer 
femoral fractures compared to conformal radiotherapy (B).26

In a study comparing the benefits of IMRT against 
conformal radiation therapy, both used in combination 
with brachytherapy, the results showed reduced rectal to-
xicity grade 2-3 (rectal bleeding) with IMRT (7 versus 11%), 
less acute urinary toxicity and better quality of life. Thus, 
there is a significant reduction in gastrointestinal toxi-
city with IMRT (B).27

Recommendation
Patients with localized prostate cancer who received ra-
diation doses higher than 80Gy using IMRT achieved ex-
cellent control, lower risk of biochemical failure, metas-
tatic disease and overall mortality without increasing 
gastrointestinal and genitourinary toxicity. 

Pelvic lymph node irradiation
Irradiation of pelvic lymph nodes arouses many contro-
versies in the management of prostate tumors.

Dosimetric studies showed superiority of IMRT com-
pared to conformal radiotherapy in some points, such as 
dose escalation, lower irradiation to the rectum and in-
testines, and better coverage of pelvic lymph nodes by the 
prescription isodose (B).28-31

These studies from several institutions used computeri-
zed planning systems that allowed the recognition of target 
volumes and organs at risk. They produced dose-volume his-
tograms that allow for a proper analysis of the dose distribu-
tion in normal tissues and choice of the best technique.  
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Other authors compared 68 patients undergoing sin-
gle radiation therapy, delivered to the prostate up to 76Gy 
using conformal radiotherapy, and 45 patients under-
going IMRT with doses of 54 and 76Gy, giving respecti-
ve coverage of the pelvic lymph nodes and prostate. They 
found a cumulative incidence of grade 2 rectal toxicity in 
two years, 6% for patients treated with IMRT and 21.2% 
for those treated with 3D-CRT (p=0.06) (B).31

Other studies comparing results of toxicity due to pel-
vic irradiation in patients undergoing conformal radiothe-
rapy versus IMRT revealed no significant difference in uri-
nary (12.3 versus 6.6%; p=0.19) and rectal (8.6 versus 3.2%; 
p=0.14) toxicity degree ≥2; for intestinal toxicity, the de-
crease was quite significant (22.2 versus 6.6%; p=0.004), and 
treatment discontinuation occurred more among patients 
treated with conformal radiotherapy (11 out of 81) com-
pared to those treated with IMRT (2 out of 91), p=0.006. 
Univariate analysis showed correlation with significant va-
lues for intestinal volume receiving 45Gy doses, as well as 
for previous pelvic-abdominal surgery (B).33,34

Irradiation of pelvic lymph nodes, regardless of the tech-
nique used for teletherapy, showed a survival advantage in 
most studies arising from the addition of hormone depriva-
tion therapy. Nevertheless, it should be kept in mind that the 
risk of lymph node involvement also increases the risk of dis-
tant metastases, which can reduce or cancel any potential be-
nefit obtained from the irradiation of pelvic lymph nodes. 
Therefore, this may be indicated according to the preference 
of the treating physician in high-risk patients (D).19 

Most studies compared conformal radiation therapy 
and IMRT as treatments for prostate only. As explained 
above, the role of pelvic lymph node irradiation in prosta-
te cancer remains controversial and, if used, pelvic irradia-
tion may exacerbate gastrointestinal and genitourinary ad-
verse effects, both acute and delayed, due to an increase in 
volume of irradiated normal tissue versus prostate irradia-
tion only (D).17 The comparison of results of patients con-
sidered high-risk undergoing conformal radiotherapy with 
doses between 46 and 50Gy in pelvic lymph nodes, plus 
20Gy booster therapy, and patients treated with IMRT at 
doses of 56Gy on pelvic lymph nodes plus 24Gy booster 
showed that the group treated with higher doses, enabled 
by IMRT, presented lower risk for biochemical failure, me-
tastases and overall mortality after univariate analysis (D).7

Recommendation
The irradiation of pelvic lymph nodes using computerized 
planning systems, with adequate analysis of the dose dis-
tribution in normal tissues, indicates that IMRT is the best 
technique.  

Radiation after prostatectomy
The indication of postoperative external radiotherapy 
may be considered as adjuvant therapy in patients with 
risk factors for recurrence or as a rescue option after any 
biochemical failure. In this respect, it is recognized as the 
only curative option and has shown significant growth 
in clinical practice, to the point of representing, in some 
centers, percentages as high as those of patients under-
going primary irradiation.

Authors compared patients undergoing conformal 
radiotherapy with IMRT as adjuvant or rescue therapy 
delivered to lymph nodes and prostate bed, finding less 
acute urinary and lower digestive toxicity, despite no sta-
tistically significant values. However, they observed a sig-
nificant reduction of upper gastrointestinal toxicity in 
favor of patients undergoing IMRT as well as less treat-
ment interruptions (2.2 versus 13.6%) (B).33

Higher gastrointestinal toxicity was observed in pa-
tients who were treated with previous prostatectomy com-
pared to patients undergoing primary prostate irradia-
tion (B).34 From this finding, we can conclude that 
radiotherapy techniques that provide less toxicity are the 
most indicated.

There are data showing no significant difference in 
gastrointestinal acute toxicity grade ≥ 2 when patients 
were treated with IMRT compared to conformal radio-
therapy (p=0.14). In terms of delayed toxicity (5 years), oc-
currences were observed in 10.2% of patients undergoing 
conformal radiation therapy and in 1.9% of patients trea-
ted with IMRT (p=0.02) (B).35

Rescue radiation therapy is offered to patients with 
high levels of PSA after radical prostatectomy. It is con-
sensus that PSA levels considered as failure following ra-
dical surgery is in the range of 0.2-0.5 ng/mL.

A study reported results after IMRT used as rescue 
therapy in cases of biochemical failure, compared with 
non-modulated techniques in terms of toxicity. The main 
conclusion was that IMRT was associated with a statisti-
cally significant and substantial decrease in delayed gas-
trointestinal toxicity, even at doses higher than 70Gy com-
pared to doses of less than 70Gy using conformal 
radiotherapy (B).35

Although there is no evidence from randomized trials 
that higher doses provide better controls as rescue or ad-
juvant therapy, there is indirect evidence supporting dose 
escalation in patients treated with prostatectomy, and 
the general concern of using doses >70Gy was partially 
relieved (B).35

A publication presented results of the effectiveness 
of IMRT and conformal radiotherapy in the treatment of 
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PCa after prostatectomy, analyzing data from the SEER 
database. The analysis involved 1,014 patients, of whom 
457 received IMRT and 557 received conformal radiothe-
rapy. Both groups had similar results for morbidity and 
disease control, demonstrating that the benefit of IMRT 
in this situation is uncertain (B).36

Recommendation
The use of IMRT as rescue therapy in cases of biochemi-
cal failure, compared to non-modulated techniques, sho-
wed advantages in terms of toxicity. The main conclusion 
was that IMRT was associated with a statistically signifi-
cant and substantial decrease in delayed gastrointestinal 
toxicity, even when doses higher than 70Gy were delive-
red compared to doses of less than 70Gy using confor-
mal radiotherapy.

Hypofractionated regimens
The best regimen for external radiotherapy in prostate 
cancer is still subject to questioning. Several recent pu-
blications have suggested that the alpha/beta ratio for 
prostate is low, in the range 1-3Gy. If this is true, dosa-
ge regimens using fewer fractions with higher dose/frac-
tion intensity could improve the results. Hypofractio-
ning with higher daily fractions of 2.5Gy can maintain 
higher bioequivalent tumor doses, without causing in-
creased acute and delayed side effects, reducing the num-
ber of treatment visits for the end of radiotherapy, in-
creasing capacity and reducing treatment costs. In 
institutions where the operational capacity is limited, 
hypofractionated radiotherapy regimens have enormous 
social impact. 

Authors published the results of studies comparing 
hypofractionated external radiotherapy versus conventio-
nal radiotherapy in patients with localized prostate can-
cer, and concluded that hypofractionated radiotherapy 
is not superior to conventional radiotherapy in these pa-
tients, also showing acute gastrointestinal toxicity sligh-
tly higher (D).38 Other authors studied the toxicity of 
hypofractionated radiotherapy versus conventional frac-
tionation, including 217 patients treated with conformal 
radiotherapy comparing 69Gy (23 fractions of 3Gy) ver-
sus 78Gy (39 fractions of 2Gy). The hypofractioning sche-
me using conformal radiotherapy with high biologically 
effective dose is feasible in prostate cancer and is well to-
lerated with minimal severe acute toxicity (B).39

The dosage regimen, with consecutive fractions at do-
ses of 3Gy/day was also compared to other regimens re-
ported in the literature using daily fractions between 2.7 
and 6.5Gy, which showed similar results (B).39

Recommendation
Hypofractioning, with higher daily fractions of 2.5Gy, can 
maintain higher bioequivalent tumor doses without cau-
sing increased acute and delayed side effects. Hypofrac-
tionated radiation therapy was not superior to conven-
tional radiation therapy in these patients, and led to 
slightly higher acute gastrointestinal toxicity.

Dose escalation
What dose of external radiation is high enough for pros-
tate cancer? In a study carried out to compare four diffe-
rent doses delivered to prostate isocenter (<70Gy, 70-
74,9Gy, 75-79,9Gy and >80Gy), which involved 1,530 
patients, the authors concluded that doses higher than 
or equal to 80Gy are recommended for most men with 
prostate cancer (B).40 The study showed a direct relation-
ship of dose-response, which had already been suggested 
in previous reports and was confirmed by other authors 
in subsequent publications (B).40-43

The possibility to optimize dose distribution with 
IMRT led to the development of studies delivering doses 
higher than 78-80Gy. Authors have published the results 
of 1,002 patients treated at doses of 86.4Gy using IMRT 
technique of 5 to 7 fields. With median follow-up of 5.5 
years, the survival rate in seven years free of biochemical 
relapse was 98.8, 85.6 and 67.9% for low, moderate and 
high-risk patients, respectively (p<0,001), while metasta-
sis-free survival reached 99.4, 94.1 and 82%, respectively 
(p<0,001). In the multivariate analysis, tumor stage (T), 
Gleason score and the percentage of positive biopsies were 
the predictors of distant metastases and cancer-specific 
mortality. The rates of side effects grade 3, both gastroin-
testinal and genitourinary, were 0.7 and 2.2%, respecti-
vely. The findings indicate that dose escalation with IMRT 
is feasible, with excellent clinical results and acceptable 
toxicity (D).17

Recommendation
Doses greater than or equal to 80Gy are recommended 
for most men with prostate cancer, and there is a direct 
relationship between dose and response. The findings in-
dicate that dose escalation (86.4Gy) with IMRT is feasi-
ble, with excellent clinical results and acceptable toxicity.

Evidence summary 
IMRT is a viable therapeutic option, endorsed by the stu-
dies mentioned in this guideline, and reinforced by the 
principle of precaution, so that it is ethical to recommend 
a treatment with fewer expected adverse effects over ano-
ther with more effects. Although advantages in overall 
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survival and biochemical failure-free survival have not 
been demonstrated, reductions in genitourinary and gas-
trointestinal toxicity, both acute and late, and the conse-
quent improvement in quality of survival justify its use. 

The possibility of dose escalation is clearly feasible 
with IMRT and this is a trend to improve results in lo-
cally advanced tumors. The development of hypofractio-
nated radiotherapy programs, shortening the total time 
of therapy administration, is of great social value, redu-
cing waiting times for the start of radiation therapy, es-
pecially in high-demand healthcare services.
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