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Abstract
Purpose. The aim of this study was to investigate what bowel organ and delivered dose levels are most relevant for the 
development of ‘emptying of all stools into clothing without forewarning’ so that the related dose-responses could be derived 
as an aid in avoiding this distressing symptom in the future. Material and methods. Of the 77 gynecological cancer survivors 
treated with radiotherapy (RT) for gynecological cancer, 13 developed the symptom. The survivors were treated between 
1991 and 2003. The anal-sphincter region, the rectum, the sigmoid and the small intestines were all delineated and the 
dose-volume histograms were exported for each patient. The dose-volume parameters were estimated fitting the data to 
the Relative Seriality (RS), the Lyman and the generalized Equivalent Uniform Dose (gEUD) model. Results. The dose-
response parameters for all three models and four organs at risk (OARs) were estimated. The data from the sigmoid fits 
the studied models best: D50 was 58.8 and 59.5 Gy (RS, Lyman), g50 was 1.60 and 1.57 (RS, Lyman), s was 0.32, n was 
0.13 and a was 7.7 (RS, Lyman, gEUD). The estimated volume parameters indicate that the investigated OARs behave 
serially for this endpoint. Our results for the three models studied indicate that they have the same predictive power 
(similar LL values) for the symptom as a function of the dose for all investigated OARs. Conclusions. In our study, the  
anal-sphincter region and sigmoid fit our data best, but all OARs were found to have steep dose-responses for ‘emptying 
of all stools into clothing without forewarning’ and thus, the outcome can be predicted with an NTCP model. In addition, 
the dose to the four studied OARs may be considered when minimizing the risk of the symptom.

The number of gynecological cancer patients surviv-
ing is increasing rapidly and a significant number of 
these women have received external beam radiation 
therapy. Some of these women develop radiation- 
induced symptoms in the pelvic region. One of these 
symptoms, ‘emptying of all stools into clothing with-
out forewarning’, is neither a fecal incontinence nor 
a pure urgency symptom. However, it is more related 
to urgency than to incontinence. More specifically 
this endpoint is associated with a decreased sensitivity 

that entails not being able to sense the need to go  
to the toilet and defecate and it also includes an irri-
tative element that is responsible for the sudden emp-
tying of a large volume of stools. We have previously 
described atomized symptoms by using the survivors’ 
own words, for this endpoint [1]. This symptom 
severely decreases the quality of life of gynecological 
cancer survivors after pelvic radiotherapy and it  
has not been known which of the bowel organs with 
which the symptom is most strongly correlated.
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In 2006, we performed a population-based 
matched control study, including 616 survivors 
treated with radiation therapy and 344 non- 
irradiated women. A study-specific, postal ques-
tionnaire with 351 questions covered physical 
symptoms from gastrointestinal, urinary and geni-
tal tracts, the pelvic bones, lower abdomen and 
legs. Additional information about the incidence, 
prevalence, intensity and duration of the symp-
toms and their impact on different aspects of social 
functioning was assessed [2]. The highest age 
adjusted RR (12.7 95% CI 4.0–40.3) was found 
for having the symptom ‘emptying of all stools into 
clothing without forewarning’ at least once during 
the preceding six months, with a prevalence of 
12% among the survivors compared to 0.9% 
among the non-irradiated control women [3]. In a 
previous work, we reported on the relationship 
between mean absorbed dose to gastrointestinal 
OARs and the occurrence of ‘emptying of all stools 
into clothing without forewarning’ among 519  
survivors for whom we had information on detailed 
dosimetric parameters [4]. It was found that  
the mean absorbed dose to the bowel organs  
and the anal-sphincter region was related to the 
symptom.

For organ-symptom pairs where a clear dose- 
response relation is found, simple straightforward 
guidelines can be formulated and used to minimize 
the risks of future severe complications among can-
cer survivors. Depending on whether the organ 
behavior is serial or parallel the criteria can be for-
mulated in terms of mean or maximum doses to  
the organ, respectively [5]. A more powerful  
approach would be to determine dose-response 
parameters for the different Normal Tissue Compli-
cation Probability (NTCP) from clinical studies [6]. 
The aim of this study was to determine the most 
relevant combination of OARs: the anal-sphincter 
region, the rectum, the sigmoid and the small  
intestines and the dose for the symptom ‘emptying 
of all stools into clothing without forewarning’ in 
order to derive the corresponding dose-volume 
response relationship as an aid for avoiding the symp-
tom in the future.

Material and methods

Patient material

A patient cohort consisting of 519 survivors previ-
ously treated with RT for gynecological cancer, 
either at the Karolinska University Hospital Stock-
holm, or the Sahlgrenska University Hospital 
Gothenburg, during the period from 1991 to 2003 
was investigated. To minimize any selection-in-
duced problem in this group, we used the Swedish 

personal identity numbers and official population-
based registers. Due to the lack of 3-D dose  
information in brachytherapy treatment plans,  
83 survivors who did not receive any brachytherapy 
were selected in the first place. A preliminary  
multivariate analysis was performed indicating 
that except from the dose to the sigmoid, heart 
failure was a statistically significant risk factor. 
Since there were only six survivors with heart  
failure they were excluded. Therefore, 77 survivors 
were finally included and 13 of those experienced 
the investigated symptom. Different combinations 
of surgery and chemotherapy were used for differ-
ent patients. The three criteria for the cancer  
survivors at follow-up in January 2006 were: born 
1927 or later, able to read and understand Swedish 
and having no recurrent disease as has been 
described in detail in a previous paper [3].  
The study was approved by the Regional Ethics 
Committee.

Treatment planning and delineation

The predominant RT treatment technique before 1996 
was two opposing fields, while after 1996 it was 
more common to use a four-field box technique. 
The treatment planning were performed by TMS 
(Nucletron, Veenendaal, the Netherlands) in Stock-
holm and Cadplan and Eclipse (Varian Medical 
Systems, Palo Alto, USA) in Gothenburg using 
6–50 MV according to ICRU 1993 [7]. Computed 
tomography (CT) (slice thickness: 5–20 mm) scan-
ning was made with the patients in treatment posi-
tion on a flat table, using laser markers and 
conversion factors to electron density. The frac-
tionation schedules used during the treatment 
period were 1.6 Gy, 1.8 or 2.0 Gy. The prescribed 
dose was 39.6–46.0 Gy for endometrial cancer, 
50.4 Gy for uterine sarcomas, 55.0–0.0 Gy for  
cervical cancer and for ovarian and fallopian tube 
the prescribed dose was 20.0 Gy to the abdomen 
and an additional 20.0 Gy to a volume with  
lowered cranial margin.

The four OARs were delineated in each treat-
ment planning systems. The ‘anal-sphincter region’ 
was defined as the inner muscle layer of the sphinc-
ter up to the anal verge. The ‘rectum’ was extended 
from the anal verge to where it deviated from its mid 
position. The delineation of the ‘sigmoid colon’ 
started cranially from this point to where it could be 
located in the left part of the abdomen connecting 
to the colon descendens. For the ‘small intestines’ we 
delineated all visible small bowels in the pelvic cavity 
caudally of the sacroiliac joints. The delineation pro-
cedures have been described in detail in one of our 
previous papers [4].
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Evaluation

Questionnaire information was stored through  
Epidata (www.epidata.dk) and incorporated into 
SAS (version 9.2, SAS Institute Inc., Cary, NC, 
USA). The cumulative DVHs for the studied OARs 
were produced. For small intestines the absolute  
volume was used in the DVHs, since a part of the 
organ was delineated, while for the rest of the organs 
we used the relative volume. During the study  
period, different fractionation schedules have been 
used and the dose distributions in the OARs were 
non-uniform, therefore the doses were corrected to 
2 Gy per fraction using the Linear-Quadratic model 
using an a/b ratio of 3 Gy. The parameters were 
estimated for the Relative Seriality (RS) [8],  
the Lyman [9,10] and the generalized Equivalent 
Uniform Dose (gEUD) [9,11,12] models. We per-
formed the basic calculations and radiobiological 
modeling using our own dose-response fitting  
software which is based on the software package 
NPSOL (Nonlinear Programming, Systems Optimi-
zation Laboratory) [13].

In this study the response probability P(D), in  
the RS model of the organ being uniformly irradiated 
to dose D, were calculated using the Probit model.
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where D50 is the dose corresponding to a 50%  
complication probability after uniform irradiation of 
the reference volume and g50 is the normalized  
dose-response gradient. From the RS model, the s 
parameter was also estimated, which is the RS  
parameter that characterizes the organization of the 
organ. The parameters estimated from the Lyman 
model were the D50, the volume parameters n and 
m, which are inversely related to the slope of the 
dose-response curve or the normalized dose-response  
gradient g50.
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The maximum-likelihood method was used to  
estimate the parameters of the different models for 
each OAR. The Log Likelihood (LL) values were 
used to measure the goodness of fit and compare  
the information content of the different models.  
The 68% confidence intervals (CI) were also calcu-
lated for the model parameters. All statistical tests 
were performed at 5% significance level. To investi-
gate the accuracy of the volume parameters the  
coefficient of variation [14] and Pearson’s correlation 
coefficient r were calculated. To compare survivors’ 
characteristics between survivors with and without 
the symptom we used Fisher’s exact test for  

categorical variables and Wilcoxon-Mann-Whitney’s  
rank sum test for continuous variables. To test 
whether there was a difference in mean and maxi-
mum dose received in each organ between patients 
with and without the symptom, a t-test was applied. 
The Wilcoxon test was also used to compare the 
cumulative DVHs. The Area under the Receiver 
Operating Characteristic Curve (AUC) was also  
calculated to identify which OAR dose (mean or 
maximum) was best correlated with having the stud-
ied symptom. For both the preliminary and main 
study multivariate analyses were performed using  
the Probit model and forward selection including 
mean and maximum doses, demographic, obstetrics, 
co-morbidities and treatment received. The variables 
were described in detail in one of our papers [4].

Results

In Table I the demographics and clinical character-
istics of survivors with and without the symptom  
of ‘emptying of all stools into clothing without  

Table I. Demographic and clinical characteristics of long-term 
survivors with or without ‘emptying of all stools into clothing 
without forewarning’after pelvic radiation therapy at time of 
follow-up.

Survivors with 
the symptom 

N  13 
n/N (%)

Survivors 
without the 
symptom 
N  64 

n/N (%) p-value

Age
Mean age, years (SD) 63.0 (11) 61.6 (10) 0.27

Smoking 0.43
Current smoker 4/13 (25) 14/64 (23)
Former smoker 3/13 (31) 27/64 (42)
Never smoker 6/13 (44) 23/64 (35)

Delivery with birth  
    weight . 4 kg

0.50

0 10/13 (77) 54/63 (86)
1 3/13 (23) 8/63 (13)
 2 0/13 (0) 1/63 (2)

Pelvic floor injury
Vaginal and perineal 

injury
5/11 (45) 17/64 (27) 0.28

Anal-sphincter injury 0/11 (0) 2/64 (3) 1.0
Co-morbidities

Previous abdominal 
surgery

7/13 (54) 36/64 (56) 1.00

Diabetes mellitus 0/13 (0) 9/64 (14) 0.34
Hypertension 3/12 (25) 20/63 (32) 0.24
Hemorrhoids, 

treatment for
13/13 (100) 59/64 (92) 0.58

Lactose intolerance 1/13 (8) 1/64 (2) 0.31
Diagnoses 0.065

Endometrial cancer 1/13 (8) 6/64 (9)
Cervical cancer 6/13 (46) 9/64 (14)
Ovarian cancer 1/13 (8) 34/64 (53)
Sarcoma 4/13 (31) 12/64 (19)
Vaginal cancer 1/13 (8) 3/64 (5)
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forewarning’ are illustrated. The tumor diagnoses of 
the patients were found to be associated with the 
symptom. Averaged total dose, as calculated from  
the treatment planning system, was 37.1 Gy (SD: 
11.9) for endometrial cancer and for sarcomas 49.2 
Gy (SD: 3.6). Ovarian cancer had an average  
total dose of 39.3 Gy (SD: 2.4), vulvar cancer 39.9 
Gy (SD: 4.9) and cervical cancer 57.4 Gy (SD: 
12.8). We observed that cervical cancer received the 
highest average total dose and also had the highest 
risk (6/15) of developing the symptom. A multivari-
ate analysis has been performed and only the maxi-
mum dose to the anal sphincter was significant.

The treatment characteristics of the 77 cancer 
survivors included in the study are presented in  
Table II. The table shows that survivors not having 
surgery (p  0.0038) are more likely to develop the 
symptom. The survivors who had surgery received a 
lower average total dose (42.3 Gy, SD: 7.1) than sur-
vivors who had no surgery (66.2 Gy, SD: 2.5). The 
average total doses for survivors who had the symp-
tom and for survivors not having the symptom were 
54.2 Gy (SD: 11.9) and 43.2 Gy (SD: 8.9), respec-
tively. Table III illustrates that the difference between 
the mean doses among survivors with and without 
the symptom was significant for anal sphincter 

Table II. Treatment characteristics of long-term survivors with and without ‘emptying of all stools into clothing without forewarning’.

Survivors with  
the symptom 

N  13 
n/N (%)

Survivors without 
the symptom 

N  64 
n/N (%) p-value

Surgery 7/13 (54) 61/64 (95) 0.0038
TAH /2 SOE /2 omentectomy 7/13 (54) 51/64 (80)
TAH /2 SOE /2 omentectomy /2 lymph node sampling 0/13 (0) 2/64 (3)
Radical hysterectomy  pelvic lymphadenectomy 0/13 (0) 6/64 (9)
vulvar resection /2 lymph node resection 0/13 (0) 2/64 (3)

Chemotherapy 7/13 (54) 35/64 (55) 0.23
Before and or after EBRT 6/13 (46) 35/64 (55)
Concomitant with EBRT 1/13 (8) 0/64 (0)

EBRT doses (Gy) 0.0038
Total mean dose Gy, (SD) 54.2 (11.9) 43.2 (8.9)
Median dose Gy, (range) 50.4 (40.0–67.0) 40.0 (10.8–67.0)

Field technique 0.76
Two opposing fields 5/13 (39) 30/64 (42)
Four-field box 8/13 (62) 34/64 (53)

Target area 0.099
Pelvic field 9/13 (69) 27/64 (42)
Abdominal field 3/13 (23) 34/64 (53)
Pelvic field  paraaortic lymph nodes 0/13 (0) 2/64 (2)
Pelvic or vulvar field  inguinal lymph nodes 1/13 (8) 1/64 (2)

Mean time since EBRT, months (SD) 84.7 (46.8) 88.5 (37.5) 0.62

SOE, Salpingo-oophorectomy; TAH, Total abdominal hysterectomy.

Table III. Mean and maximum absorbed doses for the four OARs and association tests (AUC, t-test p-value), comparing patients with 
and without the symptom of ‘emptying of all stools into clothing without forewarning’. Correlation coefficients (r) between mean and 
maximum absorbed doses.

Anal-sphincter region Rectum Sigmoid Small intestines

Mean dose (SD)
Survivors with symptom 43.2 (12.3) 49.9 (12.0) 47.03 (8.1) 43.4 (9.1)
Survivors without symptom 32.7 (10.4) 40.9 (9.2) 39.3 (4.7) 39.5 (7.3)
AUC (CI) 0.74 (0.61–0.88) 0.73 (0.59–0.87) 0.74 (0.61–0.88) 0.62 (0.46–0.78)
t-test p-value 0.011 0.0094 0.0069 0.17

Maximum dose (SD)
Survivors with symptom 53.9 (18.2) 56.7 (15.9) 57.1 (15.8) 56.4 (16.4)
Survivors without symptom 39.9 (11.2) 43.2 (9.7) 43.8 (9.8) 43.6 (9.9)
AUC 0.68 (0.55–0.81) 0.71 (0.59–0.83) 0.70 (0.57–0.83) 0.71 (0.57–0.84)
t-test p-value 0.018 0.016 0.011 0.022

Relationship of mean and maximum dose
Pearson correlation coefficient r 0.74 0.95 0.88 0.78
Coefficient of Variation CV 0.21 0.024 0.091 0.047
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Figure 1. Dose-volume histograms of the anal-sphincter region, the rectum, the sigmoid and the small intestines for survivors who 
developed the symptom (solid line) and survivors who did not develop the symptom (dashed-line).

(p  0.011), rectum (p  0.0094), and sigmoid 
(p  0.0069) but not for small intestines (p  0.17). 
Figure 1 shows that the DVHs for the four OARs 
were significantly separated (p  0.05) for doses  
15–37 Gy and 41–67 Gy for anal-sphincter region, 
44–69 Gy for rectum, 43–70 Gy for the sigmoid  
and 47–70 Gy for small intestines.

The estimates of the dose-response parameters 
using RS, Lyman and the gEUD model for anal-
sphincter region, rectum, sigmoid and small  
intestines are presented in Table IV. The table also 
shows that of the four OARs, the anal sphincter and 
the sigmoid have the highest value of AUC (0.74). 
However, the sigmoid also has the highest g50- 
value (1.60). The LL values (Table IV) and the  
dose-response curves (Figure 2) indicate that the 
three studied models fit our data equally well espe-
cially for low and intermediate doses. In Figure 2  
the corresponding dose-response curves are illus-
trated for the four OARs, using both the RS and  
the Lyman model, and the figure shows that the 

dose-response curves of the two models are very 
similar. The figure also shows that the sigmoid has 
the steepest curve and thus the highest dose-response 
relationship. According to Table IV, we found values 
for the volume parameters for the four studied  
OARs, but the anal-sphincter region, rectum and 
small intestines had very high s and a (s  7.3, 10, 
15.8 a  2.3, 83.2, 119) values and thus almost no 
volume effect. Therefore the volume effect is shown 
only for the sigmoid in Figure 3, using the RS model 
for a range of uniform doses. In Figure 3, it may  
be seen that the range of mean doses of the survivors 
with the symptom is 37–60 Gy, while for the  
ones without the symptom 11–65 Gy. The figure also 
illustrates that the sigmoid behaves weakly in serial 
fashion.

Discussion

In the present study the dose-response relationship 
for four OARs and the symptom ‘emptying of all 
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[15]. The sigmoid was found to have a serial behav-
ior but for the RS model the CI of the volume param-
eters (2e-08–10.3) are very wide and for the Lyman 
model (0.016–0.65) they are wide enough to prevent 
us from making any strong conclusion for the organ’s 
volume effect, which adds a considerable uncertainty 
to the implication of the s value.

The DVHs (Figure 1) for the studied OARs  
were significantly separated for intermediate and 
high doses. The values of the coefficient of variation 
(Table III) are very small, mainly for the rectum  
but also for the sigmoid and the small intestines, 
which indicates that the absorbed doses for the  

stools into clothing without forewarning’ was inves-
tigated. Steep dose-response relationships were found 
for the four studied OARs and the highest g50-value 
was for the sigmoid. However, in multivariate analy-
ses only the maximum dose to the anal-sphincter 
region turned out to be statistically significant.

The volume parameters obtained for the anal-
sphincter region (s  7.3, n  0.45), rectum (s  10, 
n  0.012), sigmoid (s  1.32, n  0.13), and small 
intestines (s  15.8, n  0.0084) for the three investi-
gated models indicate a serial behavior of the organs 
for this endpoint. The relative seriality parameter s 
had a very large value for the anal-sphincter region, 
rectum and the small intestines, indicating that there 
was no difference using the maximum dose and the 
relative seriality model. That the maximum dose best 
describes the dose-response relationships for large s 
values was also pointed out in Adamus-Gorka et al. 

Figure 2. Dose-response curves using the Relative Seriality and 
Lyman model, for the anal-sphincter region, rectum, sigmoid and 
small intestines.

Figure 3. Volume effect using the Relative Seriality model for  
the sigmoid, assuming that the whole organ (100%) receives a 
uniform dose; two thirds (67%) of the organ receives a uniform 
dose and the remaining part receives 5% of this dose; and one 
third (33%) of the organ receives a uniform dose and the rest 5% 
of this dose. The light grey lines show the survivors with the 
symptom (responders) and the dark grey lines the survivors 
without the symptom (non-responders).

Table IV. The maximum likelihood estimates of the dose-response parameters for the three OARs using RS, Lyman, gEUD model and 
the values for the AUC (area under the ROC curve).

Anal Sphincter Rectum Sigmoid Small intestines

Relative seriality
LL 229.1 229.5 229.0 228.4
D50(CI) 58.2 (54.3–62.9) 63.7 (59.6–75.7) 58.8 (55.5–62.5) 66.7 (63.3–74.0)
g50(CI) 1.35 (1.11–1.63) 1.38 (1.15–1.52) 1.60 (1.32–1.89) 1.19 (1.10–1.08)
s(CI) 7.3 (1.4–19.2) 10 (0.5–14) 1.32 (2e-08–10.3) 15.8 (7.9–33.5)

LKB
LL 229.0 229.4 228.9 228.1
D50(CI) 57.8 (54.0–62.2) 64.2 (60.1–69.1) 59.5 (56.1–63.3) 65.2 (60.5–69.9)
g50(CI) 1.38 (1.15–1.62) 1.38 (1.15–1.62) 1.57 (1.31–1.85) 1.39 (1.13–1.61)
m(CI) 0.41 (0.35–0.49) 0.41 (0.35–0.49) 0.36 (0.30–0.43) 0.41 (0.35–0.50)
n(CI) 0.45 (0.09–0.17) 0.012 (0.0098–0.53) 0.13 (0.016–0.65) 0.0084 (0.027–0.0076)

gEUD
a(1/n) 2.3 (5.9–11.0) 83.8 (1.87–102) 7.7 (1.53–64.1) 119 (37.7–131)
AUC (CI) 0.74 (0.61–0.88) 0.73 (0.59–0.87) 0.74 (0.61–0.88) 0.62 (0.46–0.78)

a, volume parameter; D50 , Dose giving 50% of complication probability (Gy); g50: Normalized maximum gradient of the dose-response 
curve; LL, Log Likelihood value, m, steepness of the dose-response curve; n, volume parameter; s: relative seriality parameter.
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individuals do not have large variations for these 
organs. The correlation coefficient r for these organs 
shows that the mean and maximum doses are  
almost linearly related, especially for the rectum. The 
values for the coefficient of variation and r for these 
organs imply that there will be a large uncertainty in 
the estimation of the volume effect. For the anal-
sphincter region the coefficient of variation and r 
value, respectively, suggest that the doses vary for the 
individuals and the mean and maximum absorbed 
doses are not as clearly correlated linearly. Thus we 
expect to have better parameter estimation for the 
volume parameter due to the more heterogeneous 
dose distribution delivered.

Our results for the dose-volume response rela-
tions of RS, Lyman and gEUD models indicate  
that any one of the three studied models could be 
used, especially for low to intermediate doses, in 
order to predict the NTCPs of the symptom as a 
function of the dose to the anal sphincter, rectum, 
sigmoid and the small intestines. Consequently,  
the predicted response of all the four organs may  
be taken into account during a treatment planning 
in order to estimate the risk for developing the exam-
ined symptoms after RT.

To the best of our knowledge, there is no  
previous study estimating the dose response param-
eters of the sigmoid after RT for gynecological can-
cer. Fonteyne et  al. [16] reported late RT-induced 
lower intestinal toxicity (RILIT) for intensity- 
modulated radiotherapy of prostate cancer. They 
found a correlation between the sigmoid volume 
parameters and grade 1–2 RILIT and suggested  
that the sigmoid colon should be considered as an 
independent organ at risk. In our recent study we 
reported that there is a dose-effect relationship 
between mean absorbed doses  50 Gy to the anal-
sphincter region, the rectum, the sigmoid and the 
small intestines and the symptom of empting of  
all stools into clothing without forewarning [4]. In 
the present study, as has been mentioned above, the 
DVHs are significantly separated for doses 15–37 Gy 
and 41–67 Gy for anal-sphincter region, 44–69 Gy 
for rectum, 43–70 Gy for the sigmoid and 47–70 Gy 
for small intestines.

For prostate cancer survivors, Mavroidis et al. 
[17] reported an s  0.37 for anal sphincter and 
fecal incontinence and Peeters et al. [18] reported 
an n  7.5 value for the anal wall and fecal incon-
tinence. These results indicate a parallel behavior 
for the anal sphincter and for fecal incontinence 
unlike the serial behavior indicated in the present 
study. Al-Abany et  al. [19] also reported that for 
prostate cancer increasing the dose from 45–55 Gy 
to a large portion of the anal-sphincter region 
increases the risk of fecal leakage.

In addition to the effects from the RT absorbed 
doses, other factors like current smoking, heart  
failure, angina pectoris and cardiac infarction that 
are not considered to be confounding factors were 
also found to influence the development of the  
‘emptying of all stools into clothing without fore-
warning’. Alsadius et  al. [20] reported that current 
smokers among prostate cancer survivors had an 
increased risk (prevalence ratio of 4.7) of developing 
the symptom of sudden ‘emptying of all stools into 
clothing without forewarning’. Our results do not 
indicate statistically significant difference between 
current smokers with and without the symptom. We 
also [4] presented data for the total group of 519 
gynecological cancer survivors indicating that heart 
failure, delivery with high birth weight and lactose 
and/or gluten intolerance are related to the symptom 
of ‘emptying of all stools into clothing without fore-
warning’. In the present study, survivors with heart 
failure have been excluded and no factor other than 
RT dose was found statistically significant.

One limitation of our study is the unaccounted 
organ motions, especially for the sigmoid, rectum 
and small intestines. In addition to this, there are 
possible errors in the patients’ set-up. The calcula-
tion of the dose-volumes was based on only a snap-
shot of pretreatment CT scanning. The distance  
of the CT scan and the low resolution introduce  
an uncertainty in the delineation of the organ.  
Additionally, there is uncertainty regarding small-
intestines dose-volume data, since the whole organ 
was not delineated. To increase precision on anal-
sphincter delineation magnetic resonance imaging 
(MRI) could have been used but during the treat-
ment period (1991–2003), MRI was not available 
for organ delineation either at Karolinska Univer-
sity Hospital or at Sahlgrenska. Another possible 
source of uncertainty is the varying follow-up times 
in the patient material, but since we suspect that 
this symptom seldom heals, we believe this can be 
accepted.

In conclusion, we investigated the dose to the 
organs anal sphincter, rectum, sigmoid and the  
small intestines and the relation with the symptom 
‘emptying of all stools into clothing without fore-
warning’ and calculated the corresponding dose- 
response relationships. Dose to the anal sphincter 
and mean dose to the sigmoid appear to be the 
parameters most closely related with the symptom. 
Steep dose-response relationships were found for  
all four OARs and according to the NTCP models 
applied, a serial behavior was found for this endpoint 
for all four OARs. Hence, in order to eliminate the 
risk of ‘emptying of all stools into clothing without 
forewarning’ as a radiation induced symptom in  
the future, delineation of the sigmoid as well as the 
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anal-sphincter region, the rectum and small intes-
tines may be considered.
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