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ORIGINAL ARTICLE

Dose-volume relationships between enteritis and irradiated bowel
volumes during 5-fluorouracil and oxaliplatin based
chemoradiotherapy in locally advanced rectal cancer

ADALSTEINN GUNNLAUGSSON', ELISABETH KJELLEN', PER NILSSON?,
PAR-OLA BENDAHL', JULIAN WILLNER ° & ANDERS JOHNSSON'

' Department of Oncology, Lund University Hospital, Lund, Sweden, *Department of Radiation Physics, Lund University
Hospital, Lund, Sweden and >Department of Radiology, Lund University Hospital, Lund, Sweden

Abstract

Purpose. Radiation enteritis is the main acute side-effect during pelvic irradiation. The aim of this study was to quantify the
dose-volume relationship between irradiated bowel volumes and acute enteritis during combined chemoradiotherapy for
rectal cancer.

Material and methods. Twenty-eight patients with locally advanced rectal cancer received chemoradiotherapy. The radiation
therapy was given with a traditional multi-field technique to a total dose of 50 Gy, with concurrent 5-Fluorouracil (5-FU)
and oxaliplatin (OXA) based chemotherapy. All patients underwent three-dimensional CT-based treatment planning.
Individual loops of small and large bowel as well as a volume defined as “whole abdomen” were systematically contoured on
each CT slice, and dose-volume histograms were generated. Diarrhea during treatment was scored retrospectively according
to the NCI Common Toxicity Criteria scale.

Results. There was a strong correlation between the occurrence of grade 2 +diarrhea and irradiated small bowel volume, most
notably at doses >15 Gy. Neither irradiated large bowel volume, nor irradiated “whole abdomen” volume correlated
significantly with diarrhea. Clinical or treatment related factors such as age, gender, hypertension, previous surgery,
enterostomy, or dose fractionation (1.8 vs. 2.0 Gy/fraction) did not correlate with grade 2+ diarrhea.

Discussion. This study indicates a strong dose-volume relationship between small bowel volume and radiation enteritis during
5-FU-OXA-based chemoradiotherapy. These findings support the application of maneuvers to minimize small bowel
irradiation, such as using a “belly board” or the use of IMRT technique aiming at keeping the small bowel volume receiving
more than 15 Gy under 150 cc.

In locally advanced rectal cancer, long-term pre-
operative radiotherapy is often used with the purpose
of shrinking the tumor and thus facilitating surgery
[1]. The radiation effect can be potentiated by the
use of concomitant chemotherapy [2,3]. The most
frequently used drug in chemoradiotherapy regi-
mens for rectal cancer is 5-fluorouracil (5-FU). In
recent years several new agents with activity against
colorectal cancer have been introduced. One of these
is oxaliplatin (OXA) which significantly enhances
the antitumoral activity of 5-FU in patients with
advanced colorectal cancer [4,5]. Preclinical studies
have demonstrated that OXA has good radiosensi-
tizing properties [6]. Its toxicity profile makes OXA

an attractive drug to combine with 5-FU and
abdominal irradiation. For these reasons, OXA is
nowadays frequently incorporated in chemor-
adiotherapy regimens for locally advanced rectal
cancer [7,8]. The main acute toxicity of chemor-
adiotherapy against rectal cancer is enteritis, with
grade 3+ diarrhea occurring in about 11-39% of
the cases in 5-FU based chemoradiotherapy
[1,2,9,10], and is slightly more frequent than with
radiotherapy alone [2].

Factors associated with enteritis in patients rec-
eiving radiotherapy include, total dose, fractiona-
tion, and irradiated bowel volume. Only few studies
have been performed to elucidate the relationship
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between irradiated bowel volume and treatment
induced enteritis during pre- or postoperative
chemoradiotherapy for rectal cancer [11-13].

The aim of our investigation was to further analyze
the quantitative relationship between irradiated bo-
wel volumes and acute enteritis during 5-FU-OXA
based chemoradiotherapy, using information gath-
ered by 3D treatment planning tools from patients
treated for locally advanced rectal cancer. Three
different normal tissue volumes were analyzed based
on dose volume histogram (DVH) data: 1) Swall
bowel, which is generally considered a major organ at
risk (OAR) for radiation-induced diarrhea; 2) Large
bowel, which has not previously been linked to
development of radiation-induced diarrhea, but
should be of interest to study given the fact that
inflammation in colonic mucosa often leads to
diarrhea; 3) “Whole abdomen”, a volume that would
be easier to delineate for treatment planning in
clinical practice compared to 1) and 2).

Material and methods
Patient characteristics

Twenty-eight patients (18 men and ten women) with
locally advanced adenocarcinoma of the rectum were
treated with 5-FU-OXA based chemoradiotherapy
at the Department of Oncology, University Hospital
of Lund, Sweden during 2000—2003. Median age
was 59 years (range 32-78). Twenty patients had
primary T4 tumors and the remaining eight had
locally recurrent disease. All tumors were truly
locally advanced with a median maximal tumor
diameter of 7.8 cm (range 5.0-12.0 cm). The med-
ian distance from the anal orifice to the lowest part of
the tumor was 5.1 cm (range 0-16.0). Tumor
involvement of the genitourinary organs (the pros-
tate gland, seminary vesicles, urinary bladder or the
uterus), was present in 11 cases. Seventeen of the
patients had distant metastases (liver: 10, lung: 3,
liver+lung: 3, scrotum: 1). Twelve had colostomy
and three had ileostomy. One patient had diabetes
mellitus and eight had hypertension needing medi-
cation. No patient had any previous history of
inflammatory bowel disease.

Chemotherapy

The chemotherapy was given according to the
Nordic FLOX regimen [14], with bolus 5-FU and
leucovorin, 400 mg/m?—60 mg/m? i.v., respectively
on day 1-2 and OXA infusion 85 mg/m? i.v. on day
1. This was repeated every 2 weeks during radio-
therapy.

Radiotherapy

All patients were treated in a supine position with the
arms above the head. A 3D CT based treatment plan
was performed for all patients. The abdomen and
pelvis were scanned with 10 mm thick abutting
slices. No oral contrast was used. The gross tumor
volume (GTV) was delineated based on MRI and
diagnostic CT-imaging. The GTV was defined as
the primary tumor in the rectum and when lymph-
node metastases in the pelvis were diagnosed, these
were also included in the GTV. The clinical target
volume (CTV) was defined as the GTV with
approximately 2vcm margins. The planning target
volume (PTV) constituted CTV with 5 mm margins
to compensate for variations in patient set-up. The
first consecutive 13 patients received 50.0 Gy at the
ICRU Reference point [15,16] in 25 fractions with
one fraction per day and the following 15 patients
50.4 Gy in 28 daily fractions, i.e. 1.8 Gy/fraction.
The reduction of dose per fraction was due to a
change in treatment policy at the department, with
the intent to decrease toxicity.

Patients with local disease only, received elective
pelvic node irradiation using a shrinking field
technique, delivering 41-46 Gy to the tumor and
the pelvic lymph nodes at risk, followed by a boost to
the tumor to a total absorbed dose of 50/50.4 Gy. In
patients with distant metastases, no elective irradia-
tion of non-involved lymph nodes was performed.
These patients received conformal radiotherapy to
the tumor only to an absorbed dose of 50/50.4 Gy.
Elective lymph node irradiation was given as follows:
perirectal nodes in 26 (of 28) cases, obturator nodes
in 24 cases, presacral nodes in 23 cases, internal
iliacal nodes in 22 of the cases, external iliacal in five
cases and inguinal nodes in one case.

The treatment plans for all 28 patients were
calculated and analyzed with the treatment planning
system, Helax-TMS (Nucletron B.V., The Nether-
lands). The typical treatment technique consisted of
three MLC-shaped conform fields, one dorsal and
two lateral wedged fields using photons with beam
energies >10 MV. No specific bowel sparing man-
euver was applied.

Toxicity scoring

Toxicity data were collected retrospectively from the
patient charts. Diarrhea, as a measure of acute
enteritis, occurring during the chemoradiotherapy
period was chosen as primary endpoint parameter.
The degree of diarrhea was scored according to the
NCI Common Toxicity Criteria (CTC) scale, ver-
sion 2.0 [17], see Table I. In most of our analyses
diarrhea grade was used as a dichotomized variable,
i.e. grade 0—1 vs. 2—4. The reason for this cut-off



Table I. NCI CTC grading of diarrhea.
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Grade 2

Grade 3

Grade 4

Diarrhea Grade 0 Grade 1

Patients without none increase of <4 stools/
colostomy day over pre-treatment

Patients with a none mild increase in loose,

colostomy watery colostomy
output compared

with pretreatment

increase of 4—6 stools/
day, or nocturnal stools

moderate increase in
loose, watery colostomy
output compared with
pretreatment, but not
interfering with normal

Increase of >7 stools/
day or incontinence; or
need for parenteral
support for dehydration

Severe increase in loose,
watery colostomy output
compared with
pretreatment, interfering
with normal activity

Physiologic consequences
requiring intensive care;
or hemodynamic collapse

Physiologic
consequences, requiring
intensive care; or
hemodynamic collapse

activity

(and not the commonly used grade 0—2 vs. 3—4) was
that also grade 2 diarrhea, allowing up to six extra
stools per day or nocturnal stools, is a clinically
important toxicity, often leading to treatment mod-
ifications.

Treatment-plan analysis

In the treatment planning CT scans, three different
volumes of interest were delineated (Figure 1). 1)
Small bowel: the outer contour of every visible small
bowel sling. In patients with ileostomy only the
“stool-bearing” afferent bowel segments were deli-
neated. 2) Large bowel: the outer contour of every
visible colon sling, from ceacum to rectum. In
patients with ileostomy there were no ‘“stool-bear-
ing” colon segments to delineate and subsequently
no large bowel volume was calculated in these cases.
In patients with colostomy, only the “stool-bearing”
afferent bowel segments were delineated. 3) “Whole
abdomen: all abdominal content including small
bowel, large bowel, mesenteric structures, and ab-
dominal fat. Liver, kidneys, spleen, large vessels, and
psoas muscles were excluded. Dose-volume histo-
grams were extracted for the three structures de-
scribed above and volumes (in absolute and relative
numbers) that had received doses larger than 5, 10,
15, 20, 25, 30, 35, 40, 45 and 50 Gy respectively
were calculated (i.e. Vs, Vios...5V50).

The patient material is considered too small for
deriving input parameters with any statistical sig-
nificance for the dose-volume dependence of diar-
rhea for commonly used NTCP models, e.g. n, m
and D5, for the “Lyman-Kutcher-Burman” model
[18-20] ors, y and Ds, for the seriality model [21].
The dose-volume dependence can to some extent,
however, also be checked with the “generalized
concept of Equivalent Uniform Dose”, gEUD [22]
defined as

1
N bl
gEUD = (Z viD?>a (1)

i=1

where N is the number of bins in the differential
DVH for the structure of interest and v; and D, are
the fractional volume and the total dose deposited in
bin 7, respectively. The a-value (positive for normal
tissues) is an empirical tissue-specific parameter
describing the dose-volume dependence of the
organ. An a-value equal to the inverse of the volume
parameter n in the LKB-model is often used.
Parallel arranged tissue structures have a-values
close to one, i.e. the toxicity of the organ is well
correlated to the mean dose, while organs with a
highly serial structure have a-values typically in the
range of ~10-20 and with a toxicity correlated to
the high dose part of the DVH (EUD is equal to the
maximum dose for a = o0).

The dose D in the EUD-equation could also be
corrected for fractionation effects by replacing it with
e.g. the equivalent dose at 2 Gy, EQD2 using the
LQ-formalism,

Figure 1. Delineated bowel volumes: 1) Small bowel (red struc-
ture), 2) Large bowel (green), and 3) “Whole abdomen” (blue).
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where d; is the dose per fraction for bin ¢ of the
DVH.

gEUD was calculated for a range of a-values
between 1 and 20. The calculations were made
using the total physical dose D as well as EQD2
(with o/ff =10 Gy for acute effects) in Equation 1
for small and large bowel as well as for “whole
abdomen”. The diarrhea scores where dichotomized
(grades 0+1 vs. grades 2+ 3, respectively) and any
differences in EUD between the two groups were
analyzed (the Mann-Whitney U-test) with a-values
varying in the range mentioned above.

Statistical analysts

All the statistical calculations were performed in
Stata 9.2 (Stata Corporation, 2006). For univariate
analysis of the association between dichotomized
diarrhea grade (0—1vs. 2—4) and irradiated bowel
volume, the Mann-Whitney U-test was chosen
whereas Fisher’s exact test was used for evaluation
of the association between diarrhea and other patient
and treatment associated factors. The correlation
between diarrhea score 0—3 and other factors of
interest were assessed using Spearman’s rank corre-
lation coefficient (r;). Multiple linear regression
models with diarrhea score as dependent variable
were used to adjust the effect of irradiated bowel
volume for each of the factors found to have
strongest association to diarrhea in univariate analy-
sis. Null hypotheses of differential effect of irradiated
volume on diarrhea score in groups defined by other
factors were tested by fitting linear models with
interaction terms. All tests were two-sided and p-
values <0.05 were considered statistically signifi-
cant.

Results
General clinical outcome

Sixteen patients received 1-3 cycles of FLOX just
before start of chemoradiotherapy. All patients
received either two or three chemotherapy cycles
during the radiation therapy. Twenty-one (75%)
patients received all chemotherapy cycles as
planned. In seven (25%) cases, the third cycle was
either omitted or given at a reduced dose because of
neutropenia (two patients) or enteritis (five pa-
tients). Overall seven treatments were delayed due
to toxicity, but none more than one week. All
patients received full dose radiation therapy as
planned with four patients needing breaks in the

scheduled radiotherapy (2—-9 days) because of gas-
tro-intestinal toxicity.

Determination of the anti-tumor effect of the
treatment was not within the scope of this retro-
spective study. However, all patients were evaluated
with a CT scan or an MRI at 4—6 weeks after end of
treatment. The response rate (CR+PR) was 64%
(18/28). The patients were then referred back to the
surgical department. Further treatment and follow-
up was up to the discretion of the treating surgeon.

Toxicity

Diarrhea during chemoradiotherapy occurred as
follows: 10, 7, 3, 8, and O patients had grade 0,
1, 2, 3, and 4, respectively. The median radiation
dose at which diarrhea grade 2-3 occurred was
30 Gy (mean 27 Gy). Other grade 3 toxicities were
two cases of nausea, three cases of anorexia, and six
cases of neutropenia. Ten patients were admitted to
the hospital due to toxicity. The only grade
4 toxicities were two cases with neutropenia. No
cases of grade 34 polyneuropathy, anemia or
stomatitis were observed and no treatment related
deaths occurred.

Normal tssue irradiation and diarrhea

In the univariate analysis we found that patients with
diarrhea grade 2+ had on average larger absolute
volumes, Vx, of irradiated small bowel for all cut-off
doses, X, studied. The differences were highly
significant for cut-off doses X >15 Gy as shown
in Figure 2a and Table III. The correlation bet-
ween diarrhea grade 0-3 and irradiated small
bowel volume was also high (r,=0.60-0.64) with
p-values <0.001 for all doses in the interval from
>15 Gy to >45 Gy. Similar results were obtained
when relative small bowel volumes were analyzed in
the same manner but the p-values were an order of
magnitude higher, but still significant for all cut-off
doses.

Patients with diarrhea grade 2+ also had higher
Vx values for the large bowel and “whole abdomen”
compared to patients with grade 0—1 diarrhea, but
the difference was not statistically significant for any
dose level, Figure 2b and 2c, respectively.

Patients with grade 2+ diarrhea were given
significantly higher equivalent uniform doses
(gEUD) to the small bowel compared to patients
with grade 0-1 diarrhea. This was true for all a-
values, irrespectively if D or EQD2 was used in
Equation 1. The strongest significance was found for
a=1.0 (p =0.003). The corresponding analysis for
large bowel and “whole abdomen” revealed no statis-
tically significant differences for any a-value.
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Figure 2. Dose-volume histograms for small bowel (a), large bowel
(b), and “whole abdomen” (c), divided by diarrhea grade 0—1 vs.
grade 2—3. Dots indicate volumes of normal tissue in individual
patients receiving >5, >10, >15,...,>50 Gy. Lines indicate
median volumes as a function of dose level. Mann-Whitney U-test
was used.

Other potential risk factors

The relationship between several other clinical
features and diarrhea are presented in Table II.
None of the factors investigated were significantly
associated with the risk of developing grade
2+ diarrhea. However, diarrhea grade 0-3 was
found to be correlated to the absence of enterostomy
(rs=0.36; p=0.06) and also weakly to locally
recurrent disease (as opposed to primary tumor;
r,=0.27; p=0.17). The correlation between diar-
rhea grade 0-3 and small bowel volume receiving
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Table II. Association between grade 2+ diarrhea and patient and
treatment associated factors using Fisher’s exact test.

No. of Grade 1T+

Parameter patients Diarrhea p-value
Age 0.46
<median 13 4 (31%)
>median 15 7 (47%)
Gender 0.44
Male 18 6 (33%)
Female 10 5 (50%)
Tumor 0.2
Primary 20 6 (30%)
Locally recurrent 8 5 (63%)
Fractionation schedule* 0.25
1.8 Gy 15 4 (27%)
2.0 Gy 13 7 (54%)
Prior chemotherapy 1.0
Yes 16 6 (38%)
No 12 5 (42%)
Enterostomy 0.25
Yes 15 4 (27%)
No 13 7 (54%)
BMI 0.25
<25 13 7 (54%)
>25 15 4 (27%)
Hypertension* 1.0
Yes 7 3 (43%)
No 21 8 (38%)

*1.8 vs. 2.0 Gy fractions to 50.4 and 50 Gy respectively.

>25 Gy, the cut-off with the highest correlation to
diarrhea grade, was found to be significant also after
adjustment for each of these two factors, one at a
time, in multiple linear regression models, p =0.001
in both models. Also the other dose cut-offs in the
range from >15 Gy to >45 Gy lead to significant
correlation after adjustment (p <0.002).

No significant interaction effects were seen, but
the correlation between irradiated volume and diar-
rhea score was found to be higher in the subgroup
with enterostomy (p interaction =0.10; dose cut-off
>25 Gy).

Discussion

In locally advanced rectal cancer, combined chemor-
adiotherapy is often used. The main acute toxicity of
this treatment is acute radiation enteritis, mainly
manifested as diarrhea. In order to be able to
minimize enteritis during pelvic chemoradiotherapy,
it is important to identify risk factors associated
with it. The radiation dose to the small bowel has
long been suggested as a major causal factor for
radiation-induced diarrhea, even though there is
relatively sparse data supporting it in the literature.
Our study confirms this hypothesis, showing a highly
statistically significant relationship between irra-
diated small bowel volume and chemoradiotherapy
induced enteritis for patients with locally advanced
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rectal cancer. Patients suffering from grade 2+
diarrhea had significantly larger irradiated small
bowel volumes, with radiation doses larger than
15 Gy as the most significant dose level. This finding
is in concordance with previous studies, especially
the work of Baglan et al. [12]. Baglan et al. found
that no patients with small bowel volume <150 cc at
dose level >15 Gy had grade 3+ diarrhea as op-
posed to 50% of those with >150 cc. Our results
were very similar, showing clinically significant
diarrhea in 52% of patients with >15Gy in
> 150 cc small bowel, but in only 11% of cases with
>15 Gy in <150 cc small bowel (Table III). This
suggests that one should strive at keeping the small
bowel volume that receives >15 Gy lower than
150 cc during the dose-planning process.

Irradiation of the large bowel, on the other hand, is
not generally considered a significant risk factor for
radiation-induced enteritis, but evidence is largely
lacking. No studies on this correlation, using 3D
dose-planning tools have been published to our
knowledge. We found no significant correlation
between irradiated large bowel volume and diarrhea.
The reason for this is unclear. One might speculate
that it could be due to the fact that a smaller
proportion of the colon is being irradiated, or its
smaller surface area per length of bowel sling or that
it is more radioresistant.

Delineating every bowel sling is very time con-
suming and difficult in clinical practice. Identifica-
tion of an easier-to-use substitute volume would be
clinically desirable. A concept of “the volume
potentially containing small bowel tissue” has been
used by others to create dose-volume relationships
for organs at risk [23,24]. We defined a volume
called “whole abdomen”. Despite greater “whole
abdomen” volumes at each dose level for patients
suffering from grade 2+ diarrhea, this difference
was not statistically significant. This underlines the
importance of retaining detailed information of the
actual small bowel volume, and that this easier
approach unfortunately did not provide sufficient
information.

The patient material is too small for deriving input
data for NTCP models and hence to better quantify
the dose-volume dependence. Increased knowledge

Table III. Number of patients with diarrhea grade 0—1 and grade
2-3, respectively, related to whether more or less than 150 cc of
the small bowel volume received >15 Gy, p =0.049 (two sided
Fischer’s exact test).

Grade 0-1 Grade 2-3 Total
Visgy <150 cm? 8 1 9
Visgy >150 cm® 9 10 19
Total 17 11 28

of the dose-volume dependence of the small bowel
could clarify whether, for example, the mean dose or
the maximum dose is more important in the
pathogenesis of radiation induced diarrhea. Our
gEUD calculations resulted in significant differences
for small bowel between patients with grade
2-3 diarrhea versus those with grade 0—1 but with-
out being able to extract a specific a-value. The
strongest significance (p =0.003) was found for
a=1.0 which could be interpreted as an indicator
of a more parallel structure. The results from the
same gEUD calculations for large bowel and “whole
abdomen” showed that these did not differ signifi-
cantly.

This is the first study looking at this relationship
when OXA has been added to 5FU and radiation for
locally advanced rectal cancer. Whether the addition
of OXA increases the enteritis is unclear, but our
study suggests that it does not seem to alter the
volume-dependent correlation.

Besides small bowel irradiation, several other
factors may potentially contribute to development
of diarrhea, but none of the patient- or treatment
related factors investigated in this study were sig-
nificantly associated with enteritis as shown in Table
I1. Neither did any of those factors interfere with the
major finding of this study, thus indicating that small
bowel irradiation indeed is an independent risk factor
for radiation enteritis.

It is commonly believed that previous abdominal
surgery is associated with an increased risk for
radiation enteritis [25]. Our study supports such a
hypothesis. Diarrhea grade 2+ occurred in 63% of
the patients treated for a local recurrence and in
30% when treated for a primary rectal cancer
(Table II). This difference was not statistically
significant, whereas the small bowel radiation was
significantly associated with enteritis. This could
indicate that the commonly observed increase in
radiation enteritis in patients that had undergone
previous pelvic surgery could be explained by the
fact that small bowel slings are attached to pelvic
structures due to the surgical trauma, which in turn
increases the small bowel volume within the pelvic
radiation fields.

It is well known that the fractionation schedule
affects the normal tissue damage caused by radia-
tion. An increased dose per fraction enhances the
late effects such as fibrosis and telangiectasias, but
also to some extent the acute radiation damage. In
the present study half of the patients received 2.0 Gy
per fraction and the remaining half got 1.8 Gy per
fraction. Grade 2+ diarrheas (Table II) occurred
more frequently in the higher than in the lower
fractionation group. However, this difference was
not statistically significant.



The clinical data in the present study was gathered
retrospectively and the toxicity scoring may therefore
be less precise than in a prospective analysis. On the
other hand, at our department these patients are
routinely followed up by a doctor’s visit every week
during the whole chemoradiotherapy session, to
actively monitor side-effects. Therefore, we feel
that the toxicity grading in this study was sufficiently
accurate.

The patient population in this study is relatively
small, but so are the few previous studies on this
subject [11-13]. Despite the limited sample size, the
most important results from our study were in good
accordance with earlier studies, which increases the
reliability of our findings.

In summary, this study confirms that small bowel
irradiation is an independent and important risk
factor for developing enteritis during chemor-
adiotherapy for rectal cancer, whereas irradiation
of large bowel seems to be of lesser importance in
this respect. This is clinically useful information
that can be used in the treatment planning process,
which primarily should aim at minimizing the small
bowel irradiation with the volume receiving over
15 Gy not exceeding 150 cc. One way to achieve
this is to treat the patient in a prone position and
use a belly board, which has been shown in several
previous studies to significantly reduce small bowel
volume during pelvic irradiation [26—28]. Another
possibility is to use IMRT (intensity modulated
radiotherapy).
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