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Summary

Purpose: This study compared the radiation-related 
rectal (R) and bladder (B) toxicities in prostate carcinoma 
patients receiving additional pelvic lymph nodes (PLN) irra-
diation with those receiving prostate (P) and seminal vesicle 
(SV) irradiation only.

Methods: Thirty-three patients treated with intensity 
modulated radiation therapy (IMRT) were included. RT doses 
ranged between 60- 66.6 Gy to SV, 74-77.7 Gy to P and 50.4- 
60 Gy to PLN. Max acute R toxicity was graded by a physi-
cian according to the RTOG side effect criteria during the 
period from the initiation of therapy until the end of the third 
month. Max late R and B toxicities were graded 3 months af-
ter the completion of RT by a physician using the RTOG GI 
and urogenital toxicity score and by patients using EORTC 
QLQ - PR25 self questionnaire separately. The effects of R 

and B doses and additional PLN irradiation on acute and late 
R and B toxicities and compatibility of patient- and physician-
graded toxicity scores were investigated. RTOG GI and uro-
genital toxicity scores and EORTC QLQ - PR25 self question-
naire results were correlated.

Results: Significant factors for acute R toxicity were: 
max R; R volume receiving >68 Gy; and PLN irradiation. 
PLN irradiation was marginally significant for late R toxicity; 
the mean B dose was a significant factor for late B toxicity.

Conclusion: The results of this study suggest that al-
though PLN irradiation increased acute R toxicity, it has no 
effect on late R and B toxicity. Patient- and physician-evalu-
ated late R and B toxicity scores were concordant.
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Introduction

Radiation-related normal tissue side effects increase 
with higher radiation doses and expozed volume [1-3]. 
However, tumor control rates improve with RT dose es-
calation in prostate carcinoma which results in better dis-
ease-specific survival, metastasis-free survival and bio-
chemical relapse-free survival rates [4-7]. The positive 
contribution of PLN irradiation to local control and dis-
ease-free survival rates was reported for a selected group 
of patients with high risk prostate carcinoma [8,9]. Thera-
peutic gain is not only influenced by increased tumor con-
trol rate, but also decreased treatment-related side effects, 
therefore PLN irradiation is not widely used in practice. 
PLN irradiation is recommended for radiologically or 
pathologically proven PLN metastasis or salvage RT.

IMRT technology provides higher radiation doses 
in the target volume while limiting radiation doses with-
in tolerance levels in organs at risk (OAR) [6]. Conse-
quently, it was postulated that a radiation-exposed nor-
mal tissue volume could be reduced and potential side 
effects might decrease. Decreasing side effect rates 
with IMRT in comparison with three dimensional (3D) 
conformal RT has been reported previously [10]. Some 
studies pointed out a marked difference between patient 
and physician/health care professional in evaluating 
side effect scores [11,12]. Muanza et al. claimed that pa-
tients graded side effect scores more reliably [12].

This study investigated whether the IMRT tech-
nique could eliminate additional normal tissue toxicity 
in patients with prostate carcinoma receiving PLN ir-
radiation compared to prostate (P) and seminal vesicle 
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from 50 to 60 Gy with 1.8- 2.1 Gy fraction doses, 60 Gy 
was given only to macroscopic disease sites.

Maximum (max) and 15% doses of R and B were 
limited to 74 Gy and 60 Gy respectively. In order to 
avoid hot spots in R and B volumes intersecting with 
PTV, these volumes were defi ned as PTVR, PTVB and 
constraints were limited to 74-77 Gy (Figure 1).

Daily on-line set-up accuracy was obtained using 
MV imaging via fi ducial markers.

All patients received neoadjuvant and/or adjuvant 
hormonal therapy.

Side effect scoring: Study endpoints

All patients were seen weekly by their radiation on-
cologist while undergoing therapy. Max acute R toxicity 
occurring during treatment and until the end of the third 
month after the completion of RT was graded prospec-
tively according to RTOG side effect criteria [7]. Most 
of the patients already had genitourinary symptoms prior 
to treatment. The urinary toxicities were graded during 
treatment; however, the data was not enough to compare 
with the symptoms prior to radiation. Therefore, acute 
genitourinary toxicity evaluation was not included in 
the analysis. Late R and B toxicities were graded by the 
treating physician three months after the completion of 
RT based on RTOG side effect criteria.

(SV) irradiation only. Furthermore, differences between 
toxicity scores graded by patients and physicians were 
evaluated.

Methods

Patient population

Thirty-three consecutive prostate carcinoma pa-
tients that received IMRT with at least 6 months of 
follow-up, and that agreed to fi ll in a form containing 
self- assessed toxicity scoring questions were included. 
Twenty-four patients received irradiation to P and SV 
only. The remaining 9 patients with high risk criteria 
(>T3, N+, high Gleason score and PSA level for prima-
ry cases or with lymph node metastasis for postopera-
tive cases) received RT to PLN in addition to P and SV.

Treatment protocol

All patients underwent a diagnostic prostate MRI 
scan; patients with intact prostate underwent gold mark-
er placement via transrectal ultrasonography (US).

All patients were positioned in the supine position; 
knee support and a leg holder were used for immobili-
zation. Patients were instructed to maintain a full blad-
der and empty rectum during simulation and treatments. 
Simulation CT images were acquired at a slice thickness 
of 3 mm, then registered with MRI images; treatment 
volumes and OAR were defi ned. Lymph nodes were in-
cluded in the treatment volume only if they were found 
to be radiologically or pathologically positive.

Target volumes were defi ned as PTVp and PTVsv 
which were derived by expanding CTVp and CTVsv 
3-5 mm posteriorly and 7-10 mm in other directions. 
PTVp was subtracted from PTVsv, therefore proxi-
mal sv volumes were included in PTVp. PTVLN was 
defi ned by expanding CTV lymph nodes by 10 mm in 
all directions, excluding the PTVp and PTVsv. Critical 
structures were defi ned on planning CT, and includ-
ed rectum (R), bladder (B), penile bulb, and any small 
bowel extending 3 cm distal to the targets and bilateral 
femoral heads. The entire bladder and rectum from its 
origin at the rectosigmoid fl exure were contoured.

IMRT plans were designed for each patient with 5 
coplanar 6 MV beams and sliding windows technique 
using the Eclipse Treatment Planning System. A simul-
taneous integrated boost approach was chosen: RT dos-
es ranged from 74-77.7 Gy with 2-2.12 Gy fraction dos-
es for PTVp and 60- 66.6 Gy with 1.8 Gy fraction doses 
for PTVsv. Two phase planning was applied for patients 
receiving lymph node irradiation; PTVLN doses ranged 

Figure 1. Counted volumes for PTVp (PTV prostate), bladder and 
rectum are shown. Rectum and bladder volumes intersecting with 
PTV were defined as PTVR (green), PTVB (yellow).
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Results

After a mean follow-up of 14 months (range 6-40), 
biochemical relapse occurred in 2 patients and disease pro-
gression was seen in 1 patient who received salvage RT 10 
years after radical prostatectomy. This particular patient 
had bulky tumor larger than 5 cm and multiple macroscop-
ic lymph node metastases before starting RT. This patient 
was excluded from study since the disease-related local 
symptoms could affect radiation-related side effects.

Median (range) age, Gleason score and PSA val-
ues for the whole group were 69 years (range 46-84), 7 
(range 6-9) and 13 ng/mL (3.6-58), respectively. The 
median age was 69 years for P+SV alone group and 65 
years for PLN added group. The median Gleason score 
was 7 for both groups. The median initial PSA values 
were 12.5 ng/mL for the P+SV alone group whereas it 
was 21 ng/mL for the LN added group; there was a sig-
nificant difference between the groups (p=0.012).

Dosimetric data for R and B, such as mean, maxi-
mum and max 2 cc volume doses and >68 Gy exposed 
volume as cc, according to PLN added and P+SV groups 
are summarized in Table 1. As seen in Table 1, there were 
significant differences between the two groups in the 
mean R and B doses.

Physician-evaluated early R, late R and late B side 
effect rates are given in Table 2. No late R side effects 

Separately, patients were offered to participate in 
the quality of life component of the study with an EPIC 
(The Expanded Prostate Cancer Index Composite) 
which is a self-assessed questionnaire, designated to 
measure a broad spectrum of symptoms. QLQ-PR25 
self questionnaire translated to the mother tongue by 
EORTC was used. EPIC measures a broad spectrum 
of symptoms; however, it was used for domains most 
pertinent to this study: rectal and urinary. The ques-
tionnaire is scored on a scale of 0-100, with a higher 
score correlated to higher function and health-related 
quality of life (HRQOL). Then, “raw scores” for R and 
B were calculated using the answers for R and B and 
symptom scores were calculated according to the for-
mula [7,13,14].

Statistics

The effects of mean, maximum, maximum 2 cc R 
and B doses, R and B volume exposed > 68 Gy and ad-
ditional PLN irradiation on R and B toxicities were in-
vestigated. The correlation between acute and late tox-
icities was tested. Furthermore, the compatibility of pa-
tient-and physician-graded toxicity scores were studied. 
Mann-Whitney U test was used to evaluate differences 
between the subjects. The relation between any factors 
was examined by the Spearman’s rho test.

Table 1. Rectal (R) and bladder (B) doses

 Whole group P+SV PLN added p-value
 n= 32 n= 24 n= 8

Mean R dose (cGy) 3904 3736 4406 0.059
Max R dose (cGy) 7404 7379 7478 0.95
Mean B dose (cGy) 3803 3353 5151 0.001
Max B dose (cGy) 7656 7620 7767 0.68
Receiving >6800 cGy R volume (cc) 3.2 2.7 4.5 0.8
Receiving >6800 cGy R volume (%) 3.2 2.7 3.2 0.5
Receiving >6800 cGy B volume (cc) 8.1 5.4 16.3 0.16
Receiving >6800 cGy B volume (%) 17.5 14 27.8 0.13

P: prostate, SV: seminal vesicles, PLN: pelvic lymph nodes

Table 2. Physician-evaluated acute rectal and late rectal-bladder side effects

 Whole group P+SV PLN added
 (n= 32) (n= 24) (n= 8)
 n (%) n (%) n (%)

Acute rectal side effect 14* (43.8) 8* (33.3) 6* (75)
Late rectal side effect 0 (0) 0 (0) 0 (0)
(GI symptom scores)
Late bladder side effect 15 (46.8) 9 (37.5) 6 (75)
(Urological symptom scores)
Grade III late bladder side effects 1 (3.1) 0 (0) 1 (12.5)

*all of them were grade I-II. For abbreviations see footnote of  Table 1
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ing R and B doses within tolerance level in prostate car-
cinoma [3-10]. Since irradiated B and R volume is larg-
er for the PLN added group than the P + SV alone group, 
it is difficult to reduce R and B doses and the related side 
effects using 3D conformal RT techniques. Therefore, 
theoretically, IMRT is particularly helpful for the PLN 
added group. As seen in Table 1, the intended dose con-
strains for targets, B and R were achieved using IMRT 
for both groups. Since the contoured rectum segment is 
longer for the PLN added group, the mean rectal dose 
was less than in the P+SV group. But the mean B dose 
was higher in the PLN added group because there was 
no change in bladder contouring in both groups. It was 
shown that these dosimetric advantages resulted in re-
duced R and B doses which provided fewer side effect 
rates in comparison to 3D conformal RT [10].

In this study, acute R side effects were not related 
to the mean rectal dose; rather they were related to re-
ceiving >6800 cGy and maximum 2 cc R volume dose. 
This result is compatible with previous reports [15,16]. 
Since the rectum is a hollow organ, the mean R dose 
does not represent the rectum dose. We assume that us-
ing the IMRT technique in a limited higher radiation 
dose in a small part of the rectum, the affected R volume 
was decreased, resulting in reduced injury. These acute 
side effects were easily healed in a short time interval. 
Consequently, no late rectal side effect was seen.

In the present study, radiation exposed R and B 
volumes were higher in the PLN added group but all pa-
tients completed the planned treatment without modi-
fication. However, the acute R toxicity rate was 43.8%, 
and all side effects were grade I-II. Grade III-IV acute R 
toxicity was not seen. In other studies using IMRT, the 
chosen target was P+SV alone, acute R toxicity rates 
were between 4.5-29%, and all were grade I-II [17-19]. 
In the present study, the acute R toxicity rate was 33% 
in the P and SV group, compatible with other reported 
series [17-19]. While the acute R side effect rate was 
75% in the PLN added group, it was markedly higher 
than the P+SV group in earlier studies [17-19]. Despite 
the fact that there was no difference between PLN add-
ed and P+SV alone on max R dose and % R volume re-
ceiving > 68 Gy, the acute R side effect rate was mark-
edly higher in the PLN added group since the irradiated 
R segment volume was higher in this particular group 
like in other reports [20,21].

Other studies have pointed out the relationship be-
tween mean R dose and late side effects and the impor-
tance of mean R dose >50 Gy [22]. This matches well 
with our results; there was no R side effect with a mean 
R dose < 50 Gy. The mean R dose was 4406 cGy in the 
PLN added group in comparison to 3736 cGy in the P 
+SV group.

were observed despite the high acute R side effect rates. 
Late B side effect rates were much higher than late R 
side effect rates (Table 2). Patient-assessed late toxici-
ties were mainly related to B. However, most of the side 
effects were grade I-II. The necessity to use alpha block-
ers was accepted as a side effect.

Physician-evaluated late RTOG gastrointestinal 
and urogenital toxicity scores and EPIC EORTC QLQ 
- PR25 self questionnaire (gastrointestinal symptom 
score and urologic symptom score) results were cor-
related to bladder (r=0.668 and p<0.01) and rectum 
(r=0.427 and p=0.021) side effects.

Significant factors concerning acute R toxicity 
were: max R dose, R% volume receiving >68 Gy, addi-
tional PLN irradiation. PLN irradiation was significant 
(p=0.046) on physician-evaluated and marginally sig-
nificant (p=0.08) on patient-evaluated late R side effect. 
Mean B dose was marginally significant factor on phy-
sician-evaluated late B toxicity (p= 0.07; Table 3).

Discussion

IMRT is more efficient than 3D conformal RT 
technique to achieve higher doses in target while keep-

Table 3. Factors affecting physician and patient-assessed side 
effects

 Factor p-value

Acute rectal Mean rectal dose 0.6
side effects* Maximum rectal dose 0.03
 PLN irradiation 0.04
 >68 Gy volume cc 0.18
 >68 Gy volume % 0.012
Late rectal Mean rectal dose 0.19
side effects* Maximum rectal dose 0.86
 PLN irradiation 0.046
 >68 Gy volume cc 0.82
 >68 Gy volume % 0.94
GI symptom Mean rectal dose 0.8
score** Maximum rectal dose 0.7
 PLN irradiation 0.08
 >68 Gy R volume cc 0.8
 >68 Gy R volume % 0.6
Late bladder Mean B dose 0.07
side effects* Maximum B dose 0.7
 PLN irradiation 0.19
 >68 Gy B volume cc 0.78
 >68 Gy B volume % 0.39
Urological Mean B dose 0.35
symptom Maximum B dose 0.7
score** PLN irradiation 0.8
 >68 Gy B volume cc 0.32
 >68 Gy B volume % 0.5

*physician-assessed score, **patient-assessed score, PLN: pelvic lymph 
nodes, GI: gastrointestinal, R: rectal, B: bladder
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related to their pretreatment clinical condition. The num-
ber of patients with urinary complaints was higher in the 
PLN added group because they had undergone surgery 
or had relapsed macroscopic disease or advanced disease 
stage. Cheng et al. showed that similar side effect rates 
could be diminished in prostate carcinoma patients that 
underwent prostatectomy and received IMRT; however, 
the side effects were still higher compared to patients re-
ceiving primary RT. Therefore, different dose constrains 
should be defined for postoperative cases [17].

Inconsistencies between patient and physician-
evaluated toxicity scoring have been noted previously 
[11,12]. Some authors claimed that patient-evaluated 
side effect scoring was more reliable since it did include 
physician’s bias [12]. However, in our study there was a 
good correlation between patient-and physician-assessed 
R and B side effects scoring like in another study [27]. We 
believe the reason is RTOG R and B side effects scoring 
Is mainly based on patients’ complaints. Toxicity evalua-
tion is a very important issue in prostate carcinoma since 
RT improves only disease-specific survival and metasta-
ses-free survival [28,29]. There is no consensus regarding 
a positive influence on survival time [8,9]. We believe re-
lapse-free survival is very important for the quality of life. 
On the other hand, treatment-related morbidity should 
be accounted for and reduced. Before advocating a treat-
ment, one needs to make sure that it will not decrease the 
quality of life. For these reasons, we are keen on treat-
ment-related side effects and patient-evaluated toxicity 
scoring. Because RTOG and EPIC scores depend on pa-
tient reporting, patient and physician-evaluated R and B 
toxicities were in good agreement in this study, as other 
authors noted previously [30].

Despite reported better disease-free survival, 
metastases-free survival and biochemical relapse-free 
survival in PLN irradiation, its use is very limited. We 
assume that the reason for this is the concern of increas-
ing radiation side effects. According to the results of 
this small patient experience using IMRT technology, 
decreased rectum volume exposed to higher radiation 
dose and PLN irradiation have become safer.

Conclusion

According to the results of the present study, IM-
RT provides comparable dose distribution for R and B 
between P+ SV and PLN added groups; PLN irradia-
tion increased acute R toxicity, however had no effect 
on late R and B toxicity. Combined treatment modali-
ties and pretreatment clinical conditions will influence 
side effects. Patient and physician-evaluated R and B 
toxicities were in concordance.

Some authors claim that late R toxicity is correlat-
ed to acute R toxicity and there is a potential association 
between acute and late R toxicity [23,24]. Nevertheless, 
in this study, despite a higher acute R toxicity rate, no 
late R toxicity was seen. We assume that another reason 
for high acute R toxicity is the overscoring of physicians. 
Dose escalation could have led to a more strict evalua-
tion of side effects and an overestimation of physicians.

Evaluating acute B toxicity includes some draw-
backs that might lead to imprecise grading. Given the 
nature of the disease, most of the patients had urination 
problems prior to RT and changes in intensity of urina-
tion problems were graded as toxicity. Because we did 
not have a detailed initial evaluation, acute B toxicity 
was not included in this study. Late B toxicity was seen 
in 46.8% of the patients, which is quite high. Except one 
patient with grade III side effects, all of them were grade 
I such as needed to use “alpha 1 adrenoreceptors block-
er” for urination problems. Grade III B toxicities were 
seen in one particular patient who was in the PLN added 
group; he underwent bladder operation for differential 
diagnosis of bladder carcinoma. He started having uri-
nary incontinence after surgery (14 months after com-
pletion of RT). As seen in this example, combined treat-
ment, especially surgical intervention, could increase and 
lead to excessive toxicity. Other studies reported similar 
increased treatment-related toxicity [8,17,25]. Uncon-
trolled disease is the other main reason for excessive 
toxicity. Most of the time, disease symptoms and side 
effects symptoms are not easily distinguished because 
patients could have edema and inflammation in the pros-
tate or urethra leading to urination problems. Irradiated 
volume size is important in radiation-related side effect 
according to the Normal Tissue Complication Probabil-
ity (NTCP) model [26]. Guckenberger et al. estimated 
RT-related side effect rates using dosimetric data inter-
preted according to the NTCP in prostate carcinoma pa-
tients treated to P + SV and PLN [20,21]. They claimed 
that, despite radiation exposed R and B volume increase, 
the side effects were mainly seen with doses > 4500 cGy 
[21]. IMRT technology provided better dose distribution; 
therefore, volume exposed to > 4500 cGy could be lim-
ited and comparable in two groups as PLN added and P 
+ SV groups. R and B side effects could be diminished 
in the PLN added group if IMRT was used and if the ex-
pected treatment-related side effects could be similar for 
the P + SV group [21]. In the present study, radiation ex-
posed R and B volumes were higher in the PLN added 
group in comparison to the P+SV group. Although mean 
and maximum R and B doses, and volume exposed to 
>45 Gy were comparable in both groups, R and B side 
effects were relatively higher in the PLN added group. 
Presumably, high toxicity rate in PLN added group was 
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