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ABSTRACT

The irradiation of the rectum cancer occurs in many institutes by using a rectum balloon in order to reduce the mobility
of the target organ and to distance the rectum from the target organ. The objective is to reduce side effects quantitatively
as well as qualitatively. On the basis of two hospitals using identical techniques for the prostate irradiation with the sole
difference of the rectum balloon the toxicity has been evaluated with the result of no significant difference between the
cohorts concerning diarrhea, rectal pain symptoms and rectal bleedings. Therefore the authors consider the use of the
rectum balloon prior to each irradiation not necessary for the reduction of toxicity particularly due to the fact that the
application is often very painful, especially for patients with hemorrhoids. The rectum balloon as a tool for the reduc-
tion of the prostate mobility was not objective of this study.
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1. Introduction

Irradiation today is one of the main therapy modalities in
patients with prostate cancer and can be used in all stages
with similar results in comparison with surgery. Being
aware of the physical occurrences such as the dose-re-
sponse-relationship it is the objective to achieve the op-
timal dosage for the tumor control taken into consid-
eration the toxicities for the neighboring organs. Modern
therapy modalities like 3D conformal irradiation techni-
ques or IMRT are able to realize dose escalation and
minimize side effects. However also supplementary tech-
niques for the reduction of rectal and urogenital side ef-
fects are desirable. This is the original idea for the use of
the intrarectal balloon for the rectal protection. On the
one hand the rectal balloon could facilitate a reproducible
prostate localization which is fundamental for the exact
irradiation planning. On the other hand the intrarectal
balloon distances with its voluminous structure especi-
ally the dorsal circumference out of the irradiation area
and therefore minimizes at least theoretically the rectal
toxicity.

2. Material and Methods

Two patients cohorts in two hospitals in northern Ger-
many (clinic A and clinic B, each with 51 patients) have
been evaluated retrospectively concerning general condi-
tion (WHO score), age, TNM stage, gleason score and
PSA value. On average there was a WHO score between
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0 - 1 corresponding to a good/satisfactory general condi-
tion, the age of the patients was in the median in clinic A
approx. 65 years and in clinic B approx. 69 years, a TNM
stage of <T2NOMO (variance T1la NO MO G1 - T4 NO M0)
and a gleason score of 6 (variance 3 - 9) and a PSA value
of 16.7 (clinic A) resp. 17.1 (clinic B) (variance 1.7 -
>40). Both cohorts consisted of patients previously not
operated so that biopsies had been performed for a his-
tological data examination. These patients should be
treated in curative intention by means of a definitive ra-
diotherapy. The radiotherapy was planned 3D-confor-
mally and checked regulary for correctness on the basis
of verification imaging. Both groups were irradiated with
3D conformal treatment with a total dose of 70.2 Gy resp.
71.2 Gy using a fraction dose of 1.8 to 2.0 Gy. The pa-
tients in clinic A had been irradiated using daily a rectum
balloon filled with 30 ml of air. The rectum contouring
occurred in clinic A on the basis of the rectum balloon
and in clinic B the radiation therapist orientated on the
rectum exterior wall. It is well-known that filling-caused
modifications of the rectum volumes cannot be avoided.
The well-known TDS5/5 limit values were respected on
the basis of the individual dosis-volume histograms. In
clinic A 18 patients were treated with a medicinal hor-
mone withdrawal therapy and in clinic B 40 patients. 3
patients were subjected to a surgical castration in the
sense of orchiectomy. The difference was due to the fact
that in clinic B all patients of the intermediary risk group
have been treated with a (neoadjuvant, 6-month) hormone
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ablative therapy whereas in clinic A the patients of the
high risk group have primarily been treated with a long-
term hormone withdrawal therapy as recommended in
the guidelines. Up to a dose of approx. 50 Gy the seminal
vesicles have been irradiated too. In terms of a retro-
spective study modality the required data collection for
the statistic evaluation occurred on the basis of the ir-
radiation protocols as well as examinations during and
after the irradiation therapy in the further follow-up. The
irradiation-induced side effects were evaluated and listed
according to RTOG/EORTC criteria. Consequently it has
been divided into acutely occurring side effects within
irradiation and subacutely up to 3 months after the irra-
diation end prevailing complaints as well as up to 24
months postactinically occurring side effects. The statis-
tical data collection occurred in both clinics by means of
a junction of the patient files in Microsoft Excel tables.
The approximative normal test is used as statistic test.

3. Results
Rectal Side Effects

In the patient base of clinic A in total 18 patients com-
plained of 1* grade side effects (proctitis/minor bleed-
ing/diarrhea < 5x per day) and of 2™ grade 4 patients
(colitis/stronger bleedings requiring treatment/diarrhea >
5% per day).

Patients with pains only during the rectum balloon ap-
plication have not been considered.

Comparably in the patient base of clinic B in 20 pa-
tients have been noticed 1% grade toxicities and in 2 pa-
tients 2™ grade toxicities.

Although in the total amount the rectal clinical toxici-
ties are comparable, a remarkable difference has been
evaluated at the more detailed examination of the rectal
pains and bleedings, especially in their chronological
development (Figure 1).

A statistically significant difference in the 95%-con-
fidence interval (approximative normal test) has not been
achieved, however the difference to be demonstrated was
obvious.

Especially by means of the differentiated and temporal
sorted listing the trend to the often complained acute to
subacute pains has become evident (Figure 2).

To avoid that an existing hemarrhoidal suffer deter-
mines this result, these patients have been evaluated
separately. Therefore it becomes apparent that the pa-
tients with hemarrhoidal pains have been comparably in
both cohorts (clinic A 90%, clinic B 100%).

A homolog development has been evaluated in case of
the rectal bleedings:

In both cohorts perianal bleedings have been noticed
similarly often, n = 8 (15.7%). In most cases temporally
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Figure 2. Acute/subacute/chronic rectal pain.

limited minor bleedings have been occurred.

In the patient base of clinic A have occurred tenden-
tially more acute than subacute or later bleedings, al-
though not in a statistically significant dimension. Espe-
cially in patients with hemorrhoids in the cohort with the
rectum balloon have been evaluated acute rectal bleed-
ings (Figures 3(a) and (b)).

A diarrhea according to RTOG 1° - 2° grade has oc-
curred in the patient base with the application of the in-
trarectal balloon in 10 patients, a diarrhea 3° grade in 2
patients, in total therefore approximatively 24% of the
patients.

In the cohorts without application of the rectum bal-
loon a diarrhea 1° - 2° grade has occurred in 11 patients,
corresponding approximatively to 22% of the patients
(Figure 4).

The result for the general rectal toxicity is summarized
(Figure 5).

In the acute to subacute phase we have evaluated a
minor difference out of the 95% confidence interval.
During the later process both collectives have aligned to
each other.

Comparison of the occurring side effects—Overview
(Figure 6).

4. Summary

In both patients bases side effects have occurred compa-
rably often, however with the difference that the patients
irradiated with the rectum balloon application in total,
especially in the acute to subacute phase more often suf-
fer from rectal pains independently from a hemorrhoidal
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Figure 3. (a) Acute/subacute/chronic rectal bleeding; (b)
Bleedings at hemorrhoids.
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Figure 4. Diarrhea.

complaint. These patients have demonstrated increased
acute rectal bleedings, especially those with preexisting
hemorrhoids.

Although a statistically significant result in the 95%-
confidence interval has been narrowly missed, a re-
markably trend cannot be ignored that use of the rectum
balloon here causally comes into question. The condition
that the cohorts have aligned to each other in the later
process regarding the general rectal toxicity is reinforc-
ing this hypothesis.

A protective influence regarding the radiation-induced
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Figure 5. General rectal toxicity.
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Rectal pain 47 29
Rectal bleeding 16 16
Diarrhea 24 22
Newly occurred dysuria 61 59
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Figure 6. Overview of side effects.

side effects by means of the rectum balloon has not been
verified with this study.

5. Discussion

The challenge of the radiotherapy is to obtain the optimal
dose in the target volume considering the toxicity for the
adjacent structures. The knowledge of the dose-effect re-
lationship has been established in numerous studies [1-7].
The dose escalation by means of most modern methods
as the 3D conformal irradiation is an acknowledged ef-
fective strategy in the therapy of the organ defined pros-
tate carcinoma.

The effectivity of a higher irradiation dose is relevant
especially for patients with an intermediate and high risk
profile [5,6,8]. The biochemical cure rates seem to be
roughly comparable at least for the stages T1-T2 between
conformation irradiation (min. 72 Gy), the permanent
Seed implantation, the combined brachy and external
radiotherapy as well as the radical prostatectomy [9-11].
However consecutive higher irradiation-induced rectal
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and urogenital side effect rates, which are subsumed un-
der the term volume effect, are also well documented
[12-17].

A higher irradiation dose leads to an increasing inci-
dence of acute and later side effects. Especially the cu-
mulative risk for later gastrointestinal side effects of 2°
grade and higher according to RTOG criteria rises sig-
nificantly [17]. If dose-volume-histograms are consid-
ered for the evaluation of the resulting toxicities for the
neighboring organs with optimal configuration of the tar-
get volume to be irradiated, an exponential rise of com-
plications can be noticed by using an increased irradia-
tion dose [14,15,18,19]. The percentage of the irradiated
volume is primarily the decisive factor for the toxicity,
less the absolute volume [14].

To configurate the irradiation area as accurate as pos-
sible the intrarectal balloon promises at the irradiation of
the prostate carcinoma to be a successful approach under
the following conditions:

The reproducibility of the prostate localization is a
practical-technical problem which complicates the small-
volume irradiation planning. Rectum protection propo-
nents believe that the rectum balloon reduces especially
the interfractional prostate shift [20-24]. By contrast the
intrafractional shift dimensions are minor than the inter-
fractionals [25], however with increasing rectum volume
appear to be larger. This would argue against the use of
the rectum balloon. The natural different rectal gas and
stool quantity as influencing factor is beyond the radio-
therapist’s knowledge [26]. Some studies suggest that the
interfractional shifts of the prostate are reduced only in
statistically insignificant dimension, especially in the an-
terior-posterior direction [27-30]. Since in the compara-
tive group a rectum balloon has not been applied, an eva-
luation considering this aspect was not possible and the-
refore it is not the object of this study.

The posterior and partially lateral component of the
rectal wall is distanced out of the irradiation area by
means of the voluminous structure of the rectum balloon
equally at the 3D-conformal irradiation or the IMRT-
technique or the stereotaxis [26,30,31]. Considering the
dose-volume histograms the intrarectal balloon seems to
reduce the rectum dose [26,30-35]. The application of the
rectum balloon leads to significant dose-volume-reducing
results for the rectum, partially illustrated by film do-
simetry.

The interpretation of rectal dose-volume histrograms
critically examined states a problem. So the different
contouring of the rectum at a missing consent for the
determination of the rectal limit [2,11,36] seems to de-
termine the missing reproducibility of the results with a
high inter- and intra-individual variability of the DVH
parameters.

Therefore the values of the relative and absolute vol-
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ume fraction vary a lot for each patient depending al-
ready on the selection of the top and bottom rectum lim-
its [36,37].

Besides studies show that by means of the intrarectal
balloon a dose reduction at the posterior rectum wall is
opposed to a higher dose fraction at the anterior rectum
wall [38].

The present study examines the clinically actually oc-
curring intra and postactinic side effects.

It becomes apparent that in both cohorts in their en-
tirety of the documented toxicities (predominantly 1° - 2°
grade) a significant difference could not be detected. It
became clear that in contrast to the physical benefit sup-
posed on closer examination of the dose-volume-histo-
grams, that based on the up to 24 months post-actinically
documented clinic side effects this benefit could not be
verified.

Furthermore with the application of the rectum balloon
more acute bleedings occur (12% versus 16%), espe-
cially in case of hemorrhoidal complaints. The situation
is similar with rectal pains which obviously leads more
often in the group with the rectal balloon to (sub) acute
complaints in terms of a proctitis (29% versus 47%).
Here, the statistic significance in the 95%-confidence
interval has been narrowly missed (approximative nor-
mal test). There was no difference between the cohorts
regarding more frequent defecation up to discrete fecal
incontinence. This is not astonishing since the pathophy-
siology considers especially the irradiation of the anal
canal and the inferior rectum to be the cause of rectal
incontinence [3]. Therefore the protective effect of the
rectum balloon regarding rectal continence seems to be
questionable anyway.

In the late follow-up (24 months examination) both
cohorts were converging and have demonstrated a com-
parable rectal toxicity (6% versus 6%). Based on this
clinical study there appear to be grounds for suspicion
that the different trend in the above mentioned items in
the intra and acute postactinic phase is resulting from a
mechanical irritation due to the daily application of the
rectum balloon. The fundamental idea of the rectum bal
loon with dose-volume calculations is a concept to be
taken into account considering economical aspects; fu-
ture-oriented therapy options such as the combination of
percutaneous and interstitial radiation and the wider use
of IMRT could generate unquestionably a reasonable ad-
vantage for the patients concerning the reduction of ra-
diation-induced toxicities [8,39,40].

6. Conclusions

Although numerous studies at evaluation of dose-volume-
histograms seem to show a dose-volume-reducing effect
by applying the intrarectal balloon for the rectum, the
correct interpretation of dose-volume histograms seems
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to be difficult due to the above mentioned circumstances
and its importance obviously relativizes against the back-
ground of the actually occurring side effects. Finally
arises the question if the rectum balloon irritates addi-
tionally the rectal mucosa which is already affected by
the irradiation in a way that a possible protective effect is
at least eliminated. According to the present study do-
simetric calculations clinically cannot withstand to their
predictive value. Within this context the detrimental im-
pact on the patient’s quality of life by means of the daily
rectum balloon application would not appear to be justi-
fied.

However the evaluation of the balloon significance re-
garding the immobilisation of the target organ has not
been the aim of this research.
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