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Abstract
Purpose. To assess the acute toxicity profile of whole pelvis IMRT (WP-IMRT) for localized prostate cancer. Materials.
Eighty seven patients treated with definitive WP-IMRT at UTMB from May 2002 to November 2006 were retrospectively
reviewed. Treatment consisted of two sequential phases, WP-IMRT to 54 Gy at 1.8 Gy per fraction to the pelvic nodes and
seminal vesicles and 60 Gy at 2 Gy to the prostate, and a separate external beam boost, 3DCRTor IMRT, to bring the dose
to the prostate to 76 Gy. Acute toxicity was prospectively scored weekly during treatment and at 3 month follow-up
according to CTC v2.0 for 10 genitourinary (GU) and gastrointestinal (GI) domains. The proportion of patients
experiencing a given level of peak acute toxicity at a given point is reported. Results. Treatment was feasible with delivered
doses to PTVs not significantly lower than planned ones and with only two patients experiencing treatment gaps longer than
5 days. About 2/3 and 1/10 of the patients experienced peak grade 2 and grade 3 reactions at least once during RT,
respectively. Frequency/urgency (Grade 2�: 37.9%) and diarrhea (36.7%) were the most prevalent symptoms followed by
proctitis (21.8%) and dysuria (16.1%). GI reactions were generally shorter lasting compared to GU ones which
accumulated progressively during treatment. At 3 months, almost half of the patients were asymptomatic and most of
observed reactions (89.2%) were mild, with GI ones more likely to be fully resolved (92.5%) than GU ones (68.7%, x2, p�
0.001). Conclusion. Our approach is dosimetrically and clinically feasible with intense, but transient, acute toxicity.

An attempt to clarify whether it is beneficial to

include pelvic lymph nodes in the initial treatment

volume for localized prostate cancer has been

recently provided by RTOG trial 9413 [1]. Pre-

liminary results showed that, within the context of

short course androgen deprivation, patients with a

risk of pelvic lymph node (PN) involvement equal to

or greater than 15% and who receive PN treatment

with standard 4-field box technique (4FBT) have an

advantage in progression free survival over those

treated on the prostate only (PORT) [1]. Though

the advantage of treating PN decreased at a sub-

sequent analysis [2], the authors were able to

illustrate a correlation between the size of portal

fields (that would correspond to the amount of pelvic

nodes treated) and outcome [3], supporting the need

for ‘comprehensive’ nodal coverage.

Interestingly, the same paper also shows that

extending the 4FBT fields to cover the PN may

have a cost in terms of acute toxicity over PORT. In

particular, grade 2� gastrointestinal (GI) toxicity

are 46.6% and 20.2% for patients treated to the

whole pelvis and prostate only, respectively (pB

0.001) [3]. These data may be particularly interest-

ing in view of the fact that, in several series

(summarized by Garg et al) [4] acute GI toxicity

has been shown to predict for late GI toxicity.

We, and other groups, have investigated the role of

IMRT during the ‘pelvic‘ or initial phase of treat-

ment of localized prostate cancer [5�8]. While it

should be noted that IMRT is not needed in every

single patient and that standard 4FBT and its

variants can be an equally effective option in some

patients [9], whole-pelvis IMRT (WP-IMRT) has

the unique capability to maximize the therapeutic

ratio over 4FBT, achieving the most comprehensive

target coverage without negatively impacting the

dose to rectum/bladder [5,9]. However, despite its
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widespread use [10], acute toxicity rates associated

with WP-IMRT have been reported in only a few

patients and with conflicting results [11,12].

At our institution we developed a WP-IMRT

strategy for selected patients with localized prostate

cancer in May 2002 and here we report the acute

toxicity rates obtained in all patients (n�87) re-

cruited up to November 2006.

Methods

Patients

Whole pelvis IMRT has been routinely offered at

UTMB as part of definitive treatment of localized

(T1-4N0-xM0) prostate cancer with at least 15%

risk of pelvic nodal disease according to the Roach

formula [13] since May 2002.

Through November 2006, 98 patients were re-

ferred to our department being potentially eligible

for WP-IMRT. Of these patients, one received

standard four-field box due to inability to hold the

supine position for longer than 10 minutes second-

ary to low back pain, leaving 97 patients treated with

WP-IMRT. Of them, ten were further excluded from

the present analysis because they were treated within

an in-house protocol of either WP-IMRT followed

by HDR boost (8 pts) or WP-IMRT combined with

a simultaneous integrated boost to the prostate (2

pts). Therefore 87 patients were treated with WP-

IMRTand sequential-external beam RT boost to the

prostate to 76 Gy, and all of them are included in

the present analysis that it has been approved by the

Institutional Review Board of the University of Texas

Medical Branch.

Simulation, organ contouring and planning

Patient set-up, simulation and organ contouring

have been previously reported in detail [5,9]. Briefly,

patients were simulated supine with an alpha cradle

immobilizing the lower extremities. Patients were

instructed to present for simulation and treatment

with an ‘‘empty’’ rectum. The bladder had to be

voided ½�1 h before simulation and each treat-

ment.

The prostate apex was identified through urethro-

graphy, or lately MRI.

A planning CT was obtained at 5-mm slice

thickness from the top of the iliac bone to at least

5 cm below the base of the penis; a slice thickness of

3 mm was obtained for the cross-sectional slices

containing the prostate and seminal vesicles (SV).

Images were transferred to the Pinnacle3 [Philips

Medical Systems, Madison, WI] treatment planning

system.

Clinical target volumes 1 and 2 (CTV1, CTV2)

were defined as the prostate plus 1�1.5 cm of SV and

the prostate with entire SV and pelvic nodes,

respectively. CTV2 included the obturator and

hypogastric, internal and external iliac (from the

bifurcation of the common iliac artery at the level of

the top of the sacroiliac joints to the point where the

external iliac artery crossed the inguinal ligament),

the lower part of the common iliac nodes (caudal to

L5/S1), and the presciatic and presacral (anterior to

the first and second sacral segments) nodes as

previously reported [9].

The prescription dose for CTV1 was 76 Gy at

2 Gy per fraction, daily. CTV2 was treated to 54 Gy

at a daily dose per fraction of 1.8 Gy.

The rectum was contoured from above the anal

verge to the rectosigmoid junction, including its

contents as previously defined [14]. The intestinal

cavity (IC) was defined and delineated as the space

encasing bowel loops starting cranially from the top

of iliac crests.

Clinical target volumes were expanded to obtain

corresponding planning target volumes (PTVs).

CTV2 was always expanded 1 cm in all directions;

for CTV1 margin size was correlated with the use of

3 fiducials for daily repositioning: for 61 patients

without fiducials, margins were 1.0 cm craniocaud-

ally, 1.3 cm anteriorly and laterally, and 0.8 cm

posteriorly at rectum interface; for 50 patients with

fiducials, margins were reduced to 1.0 cm in all

directions but posteriorly (0.5 cm) (‘tight margins’).

As mentioned above, the planning process for

WP-IMRT combines two sequential phases, an

initial one to cover the prostate PTV or PTV1 to

16 Gy in 8 fractions and a second one to deliver, in

30 fractions, 60 Gy to PTV1 and 54 Gy to PTV2

(Figure 1).

The initial boost was tentatively planned with a

6-field conformal approach with gantry angles of

2408, 2708, 3008, 608, 908 and 1208, using 18 MV

photons; a forward planning field-in-field IMRT

technique was utilized to create uniformity of dose

within the prostate PTV. In 23 patients who were

not able to meet dose volume objectives on either

OARs or PTVs with 3DCRT and whose plan was

considered unacceptable, an IMRT boost with

Figure 1. Treatment approach.
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inverse planning was employed as detailed else-

where [9].

The second or ‘pelvic’ phase was always deliv-

ered with inverse planning IMRT with 8 coplanar

and non-opposed gantry angles (2208, 2608, 3008,
3408, 208, 608, 1008 and 1408) fields and 6 MV

photons.

The way the two sequential phases were optimized

has been reported in detail elsewhere [9].

Dose volume objectives for the rectum and

bladder are illustrated in Figure 2. Regarding the

intestinal cavity, we initially included it in the

‘unspecified tissue’ or anti-PTV with a maximum

dose constraint of 35 Gy for the portion non-

overlapping with the PTV. After a preliminary

analysis on the first 24 patients [15], the IC volume

was separated from unspecified tissue. Secondary

dose volume objectives were placed on the portions

overlapping and not overlapping with pelvic node

PTV. The former included a uniform dose objective

of 55 Gy; the latter, the dose to 50%, 30%, 20% and

any portion of IC to not exceed 10 Gy, 25 Gy, 35 Gy

and 55 Gy, respectively.

We pursued marginal coverage of all PTVs,

defined as less than 100% but more than 95% of

the volume receiving at least 95% of the dose (i.e.,

V95 ]95%) [16].

Dosimetric data on PTV1 and PTV2 coverage as

well as selected OARs (bladder, rectum and intest-

inal cavity) were tentatively extracted for each

patient from the original treatment plan, converted

into a Microsoft Excel file, and recomputed as

cumulative DVH data.

Acute toxicity

Patients were seen weekly during treatment and

acute toxicity was prospectively scored at each visit

according to the CTC v2.0 scale (Table I) by eight

observers. Ten items or domains were considered;

five gastrointestinal ones: diarrhea, colitis, proctitis,

rectal bleeding, proctalgia; five genitourinary (GU)

ones: hematuria, dysuria, incontinence, frequency/

urgency and urinary retention. In order to maximize

consistency among observers, an acute toxicity form

with the complete explanation of each grade as per

Table I had to be filled during each examination

while interviewing the patient.

Pretreatment symptoms were prospectively col-

lected only for two items, incontinence and

frequency/urgency. Patients returned for the first

follow-up at 3 months after treatment completion.

Dietary principles to observe during treatment

were presented at the time of first consult,

but emphasized and discussed weekly during

treatment visits, especially in those patients devel-

oping toxicity.

Toxicity is analyzed as both period and point

prevalence. The former quantifies the proportion

of patients with a given peak level of toxicity during

the whole course of radiotherapy (from week 1 to

week 8 of treatment). The latter describes the

proportion of patients with a given peak level of

toxicity at a specific time or week of treatment.

Comparison of proportions between groups is done

with a x2 test unless otherwise specified; comparison

Figure 2. Average (�SD) planned rectal (a), bladder (b) and

intestinal cavity (c) DVH for 87 patients treated with WP-IMRT.

Solid circles represent planning dose objectives. Open circles

correspond to values exceeding dose volume objectives.
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of individual V-values was done with Wilcoxon

matched-pairs t-test.

Results

Selected patient, tumor and treatment characteris-

tics are summarized in Table II. Detailed dosimetric

data on PTVs coverage at planning are available for

82 of the 87 patients treated with WP-IMRT (Table

II). For five patients we were unable to restore the

original plan. All patients had their PTV2 covered

according to our criterion (V95%�95%), while five

patients (5/82, 6.1%) had a V95% for prostate PTV

lower than 95%.

Figure 2 illustrates the average planned DVH

curves for the rectum, the bladder and the intestinal

cavity for all the patients. For five patients with

missing plan, data were reconstructed from the plan

available in the treatment chart. Mean (9SD) doses

to the rectum and bladder were 50.293.6 Gy and

51.894.6 Gy, respectively.

Overall 11 patients (11/82, 13.4%) failed to meet

dose volume constraints for rectum/bladder and/or

prostate PTV coverage (Table III).

Regarding clinical feasibility, the median delivered

doses to PTV1 and PTV2 were 76 Gy (range: 70�78

Gy) and 54 Gy (range: 48.6�55.8 Gy), respectively,

over 7.7 weeks (range: 7.0�11 weeks). Two patients

Table I. Acute toxicity items selected for the present study and CTC v2.0 scoring.

Grade 0 1 2 3 4

Diarrhea None increase up to B4

stools per day

increase to 4�6 stools per

day; nocturnal stools

increase �6 stools per day;

incontinence; parenteral

support for dehydration

intensive care or

hemodynamic

collapse

Colitis None Abdominal pain with

mucus and/or blood in the

stool

Abdominal pain, fever

change in bowel habits

with ileus or peritoneal signs,

and radiographic or biopsy

documentation

perforation or

requiring surgery or

toxic megacolon

Proctitis None Increased stool

frequency, occasional

blood-streaked stools

or rectal discomfort

not requiring

medication

increased stool frequency,

bleeding, mucus discharge,

or rectal discomfort

requiring medication,

anal fissure

increased stool frequency/

diarrhea requiring parenteral

support; rectal bleeding

requiring transfusions; or

persistent mucus discharge

necessitating pads

perforation, bleeding

or necrosis or other

life threatening

complications

requiring surgical

intervention (ie

colostomy)

Rectal bleeding None Mild without

transfusion or

medication

Persistent, requiring

medication (ie suppositories)

and/or break from radiation

treatment

requiring transfusion Catastrophic bleeding

requiring major non

elective intervention

Proctalgia None Mild pain not

interfering with

function

Moderate pain: pain or

analgesic interfering with

function but not interfering

with activities of daily living

severe pain: pain or

analgesics severely interfering

with activities of daily living

Disabling

Hematuria None microscopic only intermittent gross bleeding,

no clots

persistent gross bleeding

or clots; may require

catheterization or

instrumentation or

transfusion

open surgery or

necrosis or deep

bladder ulceration

Dysuria None Mild pain not

requiring medication

Symptoms relieved with

therapy

symptoms not relieved

despite therapy

Incontinence None with coughing,

sneezing, . . .

spontaneous, some control no control

Frequency/Urgency None increase up to 2�
normal

increase �2�norm but

Bhourly

hourly or more, catheter

Urinary retention None Hesitancy or

dribbling, but no

significant residual

urine; retention

occurring during

the immediate

postoperative period

Hesitancy requiring

medication or occasional

in/or catheterization (B4�
wk) or operative bladder

atony requiring indwelling

catheter beyond immediate

postoperative period but for

B6 wks

Requiring frequent in/out

catheterization (��4 per

wk) or urological intervention

(ie TURP)

Bladder rupture
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Table II. Selected patient, tumor and treatment characteristics.

Characteristic Stratification # pts %/mean

Age (yrs) 87 66 (range: 50�82)

Race White 42 48.3%

African American 36 41.4%

Hispanic 9 10.3%

Diabetes No 68 78.2%

Yes 19 21.8%

Hypertension No 33 37.9%

Yes 54 62.1%

Vascular comorbidity1 No 64 73.6%

Yes 23 23.4%

Prior abdominal surgery No 75 86.2%

Yes 12 13.8%

Prior TURP No 74 85.1%

Yes 13 14.9%

T stage T1a�b 3 3.4%

T1c 43 49.4%

T2 (a�b�c) 19 21.8%

T3 (a�b) 19 21.8%

T4 3 3.4%

Gleason Score 2�6 6 6.9%

7 39 44.8%

8�10 41 47.1%

Unknown 1 1.1%

Androgen deprivation/Orchx None 29 33.3%

N�C 6 6.9%

N�C�A 52 59.8%

NSAID2 No 67 77.0%

Yes 20 23.0%

Anticoagulants3 No 78 89.7%

Yes 9 10.3%

Pro-diarrhoic drugs4 No 31 35.6%

Yes 56 64.4%

Bladder volume (cc) 87 175 (SD: 103.1)

Rectal volume (cc) 87 69.7 (SD: 27.8)

Margins5 Standard 50 57.5%

Tight 37 42.5%

Prostate boost Conformal 64 73.6%

IMRT 23 26.4%

PTV1 Volume 82 186.3 (SD:54.9)

(Prostate PTV) D95% 82 98.8% (SD:2.9%)

D100% 82 90.7% (SD:5.2%)

V95% (72.2 Gy) 82 98.5% (SD:2.2%)

V100% (76 Gy) 82 88.9% (SD:10.1%)

V120% (91.2 Gy) 82 0.0% (SD:0.1%)

PTV2 Volume 82 1267.2 (SD:201.8)
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experienced treatment breaks longer than 5 days,

one due to acute toxicity (grade 3 proctitis) and one

for logistic problems.

Mean V95 values taking into account the dose

actually delivered were 97.6% (SD: 5.9%) and

98.2% (SD: 6.2%) for PTV1 and PTV2, respec-

tively, and slightly reduced compared to planned

values (Table II). However, Wilcoxon matched-pairs

t-test p-values between planned and delivered V95

were not significantly different at 0.22 and 0.25 for

PTV1 and PTV2, respectively.

Overall, we collected an average of 7.9 evaluations

for each of the ten acute toxicity items per patient

during treatment (weeks 1 to 8).

No patient developed grade 4 acute toxicity. As

summarized in Table IV, nine patients (10.3%)

experienced peak grade 3 reactions involving one

(6 patients) or two (3 patients) of the ten considered

domains. Interestingly, all patients developing grade

3 toxicity had accompanying grade 2 toxicity in at

least one (median 2, max 6) of the other GI/GU

domains. Of the patients who failed to meet dose-

volume objectives for the rectum and/or bladder,

only one (7.1%) developed grade 3 toxicity.

About 2/3 of the patients developed grade 2

reactions as peak toxicity at some point during RT

(Table IV). Reactions were equally distributed be-

tween the GI and GU domains. For patients devel-

oping peak grade 2 toxicity, the median number of

domains with grade 2 toxicity was 2 (range: 1�5).

As detailed in Table IV, frequency/urgency and

diarrhea were the most prevalent toxicities during

the course of treatment (prevalence for grade 2�:

37.9% and 36.7%, respectively) followed by proctitis

(21.8%) and dysuria (16.1%). None of the remain-

ing items exceeded 10%.

Point prevalence of grade 2� reactions is illu-

strated in Figure 3 for items with a meaningful

number of events. Interestingly, for each selected

GU domain, the proportion of patients with grade

2� reactions is the largest during the last week of

Table II (Continued)

Characteristic Stratification # pts %/mean

(PN PTV) D95% 82 101.0% (SD:2.9%)

D100% 82 85.7% (SD:8.9%)

V95% (51.3 Gy) 82 99.1% (SD:0.9%)

V100% (54 Gy) 82 94.5% (SD:6.1%)

V120% (64.8 Gy) 82 25.3% (SD:7.6%)

Abbreviations: TURP: transurethral prostatic resection; N: neoadjuvant; C: concomitant; A: adjuvant; NSAID: non steroidal anti-

inflammatory drugs.

1 including cardiovascular, cerebrovascular and peripheral vascular disease

2 includes ASA, ibuprofen, bextra, celebrex, naproxen, indomethacin

3 Coumadin

4 Drugs with �1% chance of diarrhea as side effect:

Antibiotics: ampicillin, levaquin, vancomycin, gentamicin

Laxatives: magnesium oxide, docusate

NSAID: bextra, celebrex, naproxen

Beta-Blockers: metoprolol, atenolol, carvedilol,

Alpha blocker: doxazosin,

ACE inh/ARB: captopril, enalapril, lisinopril, quinapril, losartan, diovan, irbesartan

Statin: zocor, lipitor,

Diuretics: lasix, HCTZ, sprironolactone, triamterene

GI Meds: protonix, nexium, prilosec, prevacid, famotidine, zantac,

Other: neurontin, metformin, glipizide, digoxin, ditropan, flutamide, zoladex, advair, allopurinol, sulfasalazine, renagel, plavix, coumadin,

dipyridamole, synthroid, trental

5 see text for definitions

Table III. Details on 11 patients who failed to meet dose volume

constraints and/or prostate PTV coverage.

# of dose/volume

constraints NOT met

Pt # Rectum Bladder Boost

Prostate�margin

V95% (ifB95%)

1 1 0 conformal

2 2 0 conformal

3 1 0 conformal 94.1%

4 0 1 conformal 94.6%

5 0 1 conformal

6 0 3 IMRT

7 0 3 IMRT

8 0 2 IMRT

9 0 0 conformal 94.6%

10 0 0 conformal 83.6%

11 0 0 conformal 91.9%
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treatment; on the contrary, for GI domains, the

proportion of patients with grade 2� toxicity does

not increase progressively during treatment but

plateaus around the 4�5th week of treatment.

Moreover, peak point prevalence for both fre-

quency/urgency and dysuria (Figure 3) approached

their period prevalence (Table IV); on the contrary,

peak point prevalence for diarrhea (17.2%) and

proctitis (10.3%) is about half and significantly lower

than period prevalence (36.8% and 21.8%, pB0.01

and 0.04, respectively). Overall, the two features

(timing and point/period prevalence comparison) are

consistent with a progressive accumulation of GU

reactions and with a short duration of GI ones during

treatment.

Regarding the status of grade 2� toxicity at the

first follow up after treatment end, of all grade 2�
events during treatment for whom we have informa-

tion at 3 months (115 events), 95 (82.6%) showed a

complete resolution (or resolution to grade 0) at first

follow up. Interestingly, such an improvement was

unevenly distributed among domains: for grade 2�

GI domains complete resolution occurred in 62/67

cases (92.5%), while for GU only in 33/48 cases

(68.7%), p�0.001.

Discussion

The present paper was undertaken to satisfy all aims

that justify the study of normal tissue side effects

[17]: 1. to serve as an integral part of our quality

assurance program; 2. to describe the type, incidence

and severity of side effects of WP-IMRT that are

crucial for proper patient counseling; 3. to investi-

gate the pathobiology underlying these effects.

Regarding the second point, we calculated the

prevalence rather than the incidence for two reasons:

firstly, detailed information on pre-treatment toxicity

was available only for two items; therefore, we

cannot exclude that a symptom was present before

starting treatment; secondly, the analysis of point

prevalence over time would provide information on

the duration of a specific side effect.

In the present paper, we confirm that WP-IMRT

is dosimetrically feasible in most of the patients: we

were unable to meet simultaneously PTV and OAR

dose objectives only in 11 of 82 patients (13.4%).

Violations were usually of small amplitude and

without implications on acute toxicity (Table III

and Figure 2). It remains to be determined whether

they will have any impact on late toxicity.

Compared to PORT, WPRT with 4FBT has been

recently associated with a statistically significant

increase of both GI and GU grade 2� side effects

[3]. We and others have shown the dosimetric

advantage of WP-IMRT over WP RT with 4FBT

for every OAR considered and without negative

impact on target coverage [5�7,18].

Table IV. Peak prevalence of acute toxicity during treatment and at 3 months by domain.

During treatment* At 3 months**

Grade 0 Grade 1 Grade 2 Grade 3 Grade 0 Grade 1 Grade 2 Grade 3

Diarrhea 28.7% 34.5% 35.6% 1.1% 86.8% 13.2% 0.0% 0.0%

Colitis 87.4% 4.6% 8.0% 0.0% 100.0% 0.0% 0.0% 0.0%

Proctitis 49.4% 28.7% 20.7% 1.1% 90.8% 6.6% 2.6% 0.0%

Rectal bleeding 73.6% 20.7% 5.7% 0.0% 92.1% 7.9% 0.0% 0.0%

Proctalgia 62.1% 29.9% 4.6% 3.4% 94.7% 2.6% 2.6% 0.0%

Hematuria 90.8% 3.4% 5.7% 0.0% 100.0% 0.0% 0.0% 0.0%

Dysuria 25.3% 58.6% 13.8% 2.3% 88.2% 9.2% 2.6% 0.0%

Incontinence 89.7% 8.0% 2.3% 0.0% 93.4% 6.6% 0.0% 0.0%

Frequency/urgency 12.6% 49.4% 33.3% 4.6% 64.5% 32.9% 2.6% 0.0%

Urinary retention 52.9% 41.4% 4.6% 1.1% 92.1% 7.9% 0.0% 0.0%

Any GI 16.1% 34.5% 43.7% 5.7% 76.3% 21.1% 2.6% 0.0%

Any GU 3.4% 44.8% 43.7% 8.0% 57.9% 38.2% 3.9% 0.0%

Any GI and/or GU 2.3% 19.5% 67.8% 10.3% 46.1% 48.7% 5.3% 0.0%

*data on 87 patients;

**data on 76 patients.

Figure 3. Point prevalence of grade 2� toxicity by selected

domains. Abbreviations: RB: rectal bleeding; F/U: frequency/

urgency; UR: urinary retention.
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If the present results are compared to those

obtained in 38 patients treated with IMRT to the

prostate (76 Gy) �seminal vesicles (54 Gy) only

(PORT�SV) during the same time frame at our

institution and scored prospectively with the same

approach, only grade 2� diarrhea was significantly

different between the two groups (WP-IMRT and

PORT�SV) [unpublished data]. With PORT�SV,

grade 2 period prevalence of diarrhea was 15.8% and

none of the patients developed grade 3 diarrhea,

compared to 36.7% (grades 2 and 3, Table IV) for

patients treated with WP-IMRT (p�0.03). It is

noteworthy to consider that the intestinal cavity dose

volume constraints for most WP-IMRT plans had

been based on the results obtained in the first 24

patients and/or they may have not been adequately

stressed. The difference in diarrhea score between

WP-IMRT and PORT�SV patients will be further

investigated taking into consideration individual

dose distribution data to the intestinal cavity. The

intent is to assess whether we can derive more

effective dose volume constraints and whether they

can be successfully applied while respecting target(s)

coverage. Moreover, dietary counseling was stressed

only after the development of toxicity and this may

have contributed to increase the proportion of

patients with diarrhea during treatment. Liu et al.

report a remarkably low (�6%) prevalence of grade

2�3 toxicity during whole pelvic irradiation with

standard 4FBT to 45 Gy at 1.8 Gy [19]. Another

factor that should be taken into consideration is that,

in our study, a single episode of diarrhea was enough

to register it as event contrary to other authors [20].

Even if the proportion of patients experiencing

grade 2 diarrhea at least once during treatment is

higher than with PORT�SV, more than 80% of

patients were free of grade 2� diarrhea at any time

during treatment, episodes were short lasting and

most of the patients were symptom-free at 3 months

after treatment end. Even if we cannot exclude that

the results can be further optimized by more

‘aggressive‘ dosimetric and dietary approaches, we

consider the above results remarkable in light of

the dose delivered to the pelvic nodes.

Regarding rectal and bladder acute toxicity rates,

as previously mentioned, they were not different

from those obtained by PORT�SV. For the rectum,

this is also consistent with the fact that the mean

dose (50.2 Gy) delivered here is similar to the one

(51 Gy) reported in a series that included mostly

patients treated with conformal radiotherapy on the

prostate�SV to a mean dose of 74 Gy (ICRU

point)[21]. Our data show that peak prevalence of

grade 2� proctitis was slightly higher than 10%,

with most reactions subsiding by 3 months.

Contrary to GI reactions and to previous papers

[19,22], each selected GU item showed a progressive

increase in prevalence during treatment rather than a

plateau at mid-treatment. Moreover, grade 2� GU

events were significantly less likely to be fully

resolved at 3 months compared to GI ones. A lack

of benefit of IMRT over 3DCRT in reducing acute

GU toxicity despite a better bladder dosimetry has

been reported by Zelefsky et al. [20]. This is

consistent with the fact that urethritis and thus the

dose to the prostate gland are the key factors rather

than bladder sparing. Similarly, as suggested in the

brachytherapy literature [23], acute GU symptoms

tend to last longer than 3 months, justifying the

extension of acute toxicity definition to 9 months in

one recent protocol [24].

The present study has some limitations. First,

ideally to properly assess the benefits of WP-IMRT

we should have had a control group of patients

treated to the same volumes and doses but with

conformal radiotherapy instead of WP-IMRT. How-

ever, we had previously shown that whole-pelvis

4FBT cannot be considered iso-effective to WP-

IMRT since underdosing of portions of PN PTV

would take place in �3/4 of patients [9]. Two recent

studies attempted such a comparison with conflict-

ing acute toxicity results. In the first one, Ashaman

et al. noticed a lower rate of acute GI toxicity in 13

patients treated with WP-IMRT compared to the

one in 14 patients treated with a standard conformal

approach. The difference was less evident for GU

toxicity [11]. Conversely, Jani et al. reported a

reduction in GU but not in GI acute toxicity with

WP-IMRTover whole-pelvis RT with 4FBT [12]. Of

note, the PN prescription dose was 45 Gy and up to

50.4 Gy for Jani et al. and Ashaman et al. papers,

respectively, and comprehensive coverage of all

pelvic nodal stations was not pursued in either one

[11,12]. While there are clinical data suggesting that

comprehensive nodal coverage in this patients po-

pulation is desirable [2], we provide evidence that

our approach, that targets all pelvic lymph node

stations at risk, is both dosimetrically and clinically

feasible in a large cohort of patients.

Second, there were eight different observers.

Though some items/grades of CTC v2.0 are objec-

tively defined, others represent a subjective inter-

pretation (Figure 2). However, while multiple

observers cannot be avoided in routine practice, it

should be noted that in the hands of RTOG

researchers, the CTC v2.0 scale was easier to

interpret than the RTOG one [25]. Third, our

observation time has a 3 month gap after treatment

completion, and, looking at Figure 3, we cannot

exclude that the proportion of patients developing

grade 2� GU toxicity could have kept increasing
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after treatment end. In one series, one out of eight

grade 3 GU events occurred after treatment com-

pletion [26]. On the contrary in the Dutch trial more

than 97% of patients developed grade 2� toxicity

within the first 7 weeks of treatment [22].

Fourth, in 2003, CTC v2.0 was replaced by

CTCAE v3.0. While we do not think that this is a

real limitation since CTC 2.0 was specifically de-

signed to score acute toxicity and CTCAE v3.0 was

introduced to address other issues [27], the two

systems have important differences. However, as in

the case of shift from the RTOG to the CTC v2.0

scale, the introduction of CTCAE v3.0 was done with

the intent to preserve the severity scaling of previous

systems [28]. Fifth, we did not consider drug intake in

the analysis, because it is recognized that over-the-

counter drugs are often self-administered and may

escape documentation [26]. Finally, one may argue

that optimal use of IMRT in this setting would

include a simultaneous integrated prostate boost

rather than a sequential approach [29]. Our strategy

has the advantage of avoiding the use of an unconven-

tional (�2 Gy) dose per fraction with all the

corresponding issues, including the uncertainties of

scaling dose volume constraints and the use of

hypofractionation whose benefit is not established

for prostate cancer [30]. A similar sequential ap-

proach has been also adopted by RTOG in protocol

0521 [10]. It is remarkable that in our experience only

about ¼ of patients needed two IMRT plans, while

for the majority of patients WP-IMRT with a con-

formal 3D prostate boost provided an acceptable

plan. As shown in Table III, most (72.7%) of patients

missing at least one of the planning objectives had

been planned with a conformal boost. We felt that the

limited amount of violation from dose objectives

(Figure 2 and Table III) along with the individual

clinical context was not worth the use of IMRT for

the boost plan. Accepting a more liberal use of IMRT

for any case not meeting planning objectives with

3DCRT boost, still about 2/3 of patients would not

have needed an IMRT boost.

Ultimately only three patients failed to meet dose/

volume constraints after WP-IMRT and an IMRT

boost (Table III). The three cases share the features

of missing multiple bladder dose-volume objectives

and of having a significantly smaller than average

bladder volume at simulation (Wilcoxon two sample

test, p�0.046). Since bladder volume at simulation

does not necessarily represent the size of the organ

during treatment [31] and a small increase in filling

would ‘bring down‘ the bladder DVH within the

desired range, we felt that the plan was acceptable.

However, in two other recent cases, patients with

smaller bladder volumes at planning CT had been

rescanned after supplemental instructions and dose

objectives were formally met.

In conclusion, WP-IMRT for localized prostate

cancer is dosimetrically and clinically feasible,

though a high proportion of patients will experience

peak grade 2� acute toxicity at some point during

treatment. However, we show that most of acute

toxicity, especially GI, disappears by 3 months after

treatment completion. In another paper we have

shown that the preliminary rate of subacute rectal

toxicity of WP-IMRT compares favorably with

the one obtained with 3DCRT to the prostate

alone [32]. Further follow-up will clarify whether

this approach is also feasible in terms of late

complications.
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