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ABSTRACT

Background: Diarrhea is the primary symptom of concern in acute post-operative radiation-induced enteritis in gynecologic cancer.
We retrospectively studied the correlation between the volume of irradiated small bowel and the development of acute diarrhea in
these patients. Materials and Methods: A total of 100 post-operative gynecologic cancer patients were analyzed. Pelvic computed
tomography was performed to calculate the volume of irradiated small bowel. A dose-volume histogram was calculated from 5 to
40 Gy at 5 Gy intervals. Patients receiving conventional whole pelvic radiation therapy (RT) were assigned to Group |, and those who
received intensity-modulated RT (IMRT) were assigned to Group Il. A total dose of 40-50 Gy was delivered at 1.8-2.0 Gy per fraction
daily. Acute diarrhea during treatment was scored. All data were expressed as a mean + standard deviation. Different dose-volume
parameters for small bowel in Grades 0-1 and Grades 2-3 diarrhea were calculated by the independent t-test. Univariate analysis
of diarrhea risk factors was performed with the independent t-test or Chi-square/Fisher exact test. Results: Of the 77 patients
who received conventional RT, 44 (57.14%) experienced Grades 2-3 toxicities. Of the 23 patients who received IMRT, 9 (39.13%)
experienced Grades 2-3 toxicities. Concurrent chemotherapy was slightly associated with a higher damage score in both groups
(p =0.028). None of the patient factors (weight, percentage depth dosage, dose fraction, distance from skin to tumor, lymph node
metastasis, chemotherapy, block, brachytherapy, hypertension, or diabetes) were correlated with diarrhea in the two groups. The
volumes of irradiated small bowel in patients who experienced Grades 2-3 diarrhea were significantly larger than those in patients
who experienced Grades 0-1 diarrhea at all dose levels in Group I. V20 (372.19 + 133.26 cm?, p = 0.004) was an independent
factor for developing Grades 2-3 diarrhea in Group I. V25 (290.35 + 130.22 cm?, p = 0.001) was an independent risk factor for all
patients who developed higher score diarrhea. Conclusions: The volume of irradiated small bowel was an independent risk factor
for all patients who developed diarrhea, especially those undergoing conventional RT.
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INTRODUCTION

Common treatment in gynecologic cancer entails sur-
gery, radiation, and chemotherapy. A major repercus-
sion of these treatments is that unavoidable treatment
of closely related tissues causes patients to suffer
additional pain and depression. These side effects can
interfere with treatment and, at times, even lead to
complete treatment failure. Therefore, clinicians have
been paying more attention to the critical outcome of
the patient’s quality of life. The criteria for assessing
treatment toxicity are diverse. For radiotherapy, treat-
ment toxicities are divided into acute and late catego-
ries. During post-operative radiation, a large proportion
of small bowel that is in close proximity to the target
fields is often irradiated with a substantial dose. Many
reports have claimed a strong association between
the volume of irradiated small bowel and the develop-
ment of enteritis complications®2. The primary symp-
tom of concern in acute radiation-induced enteritis is
diarrhea3. Although other symptoms, such as nausea
and abdominal pain, are more common, the severity of
these symptoms is affected by the patients’ tolerance
and the difficulty with their precise measurement.

Post-operative radiation therapy (RT) is used for
patients with a high risk of tumor micrometastasis
after surgery®. The normal tissues, such as the small
and large bowels, settle into the pelvic resection cav-
ities after surgery, which often encompass the target
volume. If that is the case, the entirety of pelvic tissue
that is located in the high-dose volume could contrib-
ute to radiation-related injury. Intensity-modulated
RT (IMRT) programs precisely conform to the isodose
lines in the shape of the target volume with the inten-
tion of protecting the normal tissue from an unneces-
sarily high radiation dose®. Conventional RT technique
is often used in large cancer centers due to the high
demand of resources and time of the IMRT. The tar-
get fields of radiotherapy include the upper half of the
vagina, uterus, parauterine and pelvic lymph nodes
(LN), and even LN of the abdominal aorta. Therefore,
the irradiation target field for cervical cancer is rather
irregular, involving considerable volumes of the small
bowel, rectum, and bladder. The tolerances of pelvic
organs to radiotherapy are obviously different, with
the small bowel being the most sensitive (minimum
tolerance dose TD5/5: 50 Gy). The tolerance of the
bladder and rectum is 60 Gy, while that of the uterus
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and upper half of the vagina is high (over 90 Gy). Thus,
it is imperative to overcome gastrointestinal and uri-
nary complications induced by pelvic radiotherapy for
malignant gynecologic tumors. The incidence rates
of severe complications after pelvic radiotherapy at
45-50 Gy can reach 4-15%. Over 40% of patients
suffer from long-term chronic diarrhea, and 2%-8%
of cases undergo serious bladder complications. Since
the pelvis is also irradiated, the hematologic system
may also be subjected to complications. The dose of
routine irradiation for LN of the abdominal aorta is
limited by surrounding involved organs such as the
small bowel, kidney, and spinal cord, mostly below
40-50 Gy®7. Until now, the relationship between the
dose of radiotherapy for gynecologic cancer and acute
diarrhea has seldom been reported.

With this motivation, we retrospectively studied the
characteristics and dosimetric factors of patients who
had received conventional RT or IMRT for gynecologic
malignancy. The purpose of the study was to investi-
gate the difference in toxicities between conventional
RT and IMRT and to analyze the dose-volume effect
for acute diarrhea with these RT techniques to improve
our understanding of the threshold point, which would
require extra attention.

MATERIALS AND METHODS
Patient characteristics

A total of 100 patients treated at the Affiliated Cancer
Hospital of Nanjing Medical University between
January 2013 and June 2014 were selected. This
study was approved by the Ethical Committee of
our hospital. All patients and their families had been
informed about the objective and significance of this
study, and they all signed consents. Cervical cancer
cases included squamous-cell carcinoma, adenocar-
cinoma and adenosquamous carcinoma. Patients
with endometrial cancer were treated only with RT.
Inclusion criteria: Patients who were diagnosed as hav-
ing cervical cancer or endometrial cancer; patients who
were compliant with treatment throughout this study.
Exclusion criteria: Patients who had intestinal inflam-
mation complicated with severe diarrhea. There were
18 patients who were older than 60 years, and the
other 84 patients were < 60 years old. Patients with
endometrial cancer included 3 cases of FIGO Stage |,



24 cases of Stage Il, and 2 cases of Stage IV. Patients
with cervical cancer included 10 cases of FIGO Stage |,
51 cases of Stage Il, and 10 cases of Stage IV.

All patients initially underwent physical examination,
pathological assessment, chest X-ray, pelvic com-
puted tomography (CT), and laboratory blood work.
They were proposed to receive standard daily radiation
treatment at a total dose of 40-50 Gy in five treat-
ments per week at 1.8-2.0 Gy per fraction. Patient
demographic information is listed in table 1. Patients
who received conventional whole pelvic RT (anteri-
or-posterior/posterior-anterior [AP/PA] fields) were
assigned to Group | (n = 77), and those who received
IMRT were assigned to Group Il (n = 23). Clinical vari-
ables, including age, weight, LN metastasis, chemo-
therapy, dose fraction, distance from source to tumor,
percentage depth dosage, block, brachytherapy,

Table 1. Patient characteristics.

Number of Mean * SD
patients (%)

Characteristic

Age 48 +10.34
<60 84 (84)
260 16 (16)

Group I: conventional RT 77 (77)

Group II: IMRT 23(23)

Histological feature

Squamous carcinoma 64 (64)

Adenocarcinoma 29 (29)

Others 7(7)

Cervix carcinoma 71(71)

Endometrial carcinoma 29 (29)
FIGO stage of endometrial cancer

I 3(10.3)

I 24 (82.8)

Il 0

v 2(6.9)
FIGO stage of cervical cancer

I 10 (14.1)

I 51(71.8)

Il 0

v 10 (14.1)
Pelvic LN metastasis

Endometrial cancer (29)

Negative 17 (58.6)
Positive 3(17.2)

No data or surgical records lost 9(31.0)
Cervical cancer (71)

Negative 48 (67.6)

Positive 14 (16.9)

No data or surgical records lost 9(12.7)
Diabetes 3(3)
Hypertension 12(12)

RT: radiation therapy; IMRT: intensity-modulated radiation
therapy; LN: lymph nodes
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hypertension, diabetes, and volumes, were assessed
independently by two experienced physicians.

Treatment plans

Seventy-seven patients in Group | received conven-
tional RT using 15-MV photon beams with the excep-
tion of one patient who was below the threshold body
weight for 15-MV photon beams and received 6-MV
beams instead. Treatment was delivered within the
whole pelvic field (AP/PA fields) extending from the
bottom of obturator foramina to the L4-5 interspace
or superior aspect of L4. The lateral border was set
at 1.5 cm lateral to the widest diameter of the pelvic
inlet. Corner blocks were used in the treatment plans
of 55 patients.

Patients were immobilized on a vacuum bag cradle in
supine position. The clinical target volume was con-
toured in accordance with previous consensus rec-
ommendations for all patients and included the upper
segment of the vagina, parametrial tissues and LN
regions (common, external, internal iliac, and presacral
LN regions)8, and a 7-mm margin around the vessels
was maintained, excluding bone or muscle. Inverse
plans were operated on Varian Eclipse (platform 10.0).

Concurrent chemotherapy was delivered every 3 weeks
and consisted of paclitaxel that was administered at a
total dose of 180 mg intravenously over 3 h on day 1,
and nedaplatin that was administered at a maximum
dosage of 100 mg onday 1 or 30 mg onday 1, 2, and 3.

Normal tissue assessment

All the 100 enrolled patients completed this study,
without loss of follow-up. Acute toxicity was scored
retrospectively using the common terminology criteria
for adverse events version 4.0. Grade 1 is a mild symp-
tom with an increase of < 4 stools per day; Grade 2
is a moderate symptom with an increase of 4-6
stools per day; Grade 3 is a severe symptom with an
increase of > 7 stools per day; and Grades 4 and 5 are
life-threatening and death, respectively, which did not
occur in this series. Four patients withdrew from the
study due to severe pain from hemorrhoids. Among
those 4 patients, two of them had received a dose of
< 30 Gy, and the other 2 received more than 30 Gy.
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Before the examination, all patients were subjected
to CT scan to contour possibly involved organs. Both
opacified and unopacified small bowel loops were con-
toured on each CT slice, and every dose-volume his-
togram was calculated for each patient from 5 Gy to
40 Gy at 5 Gy dose level intervals. 20 patients did not
have CT examinations at our cancer center; therefore,
the absolute volume parameters were recorded.

The diagnostic criterion for LN metastasis was that
CT disclosed that short-axis diameters of LNs were 2
1.0 cm. Staging was performed according to the stag-
ing criteria for gynecologic cancers.

Data were obtained from both the patient medical
records during treatments and the monthly follow-up
telephone questionnaire through May 2016.

Statistical analysis

All data were expressed as the mean * standard devi-
ation. Different dose-volume parameters for small
bowel in Grades 0-1 and Grades 2-3 diarrhea were
calculated by independent t-test. Univariate analy-
sis of diarrhea risk factors was calculated with the
independent t-test or Chi-square/Fisher exact test.
Logistic multivariate analyses of Grades 2-3 diarrhea
in Groups | and Il were performed. The statistics was
performed using SPSS 11.0. p < 0.05 was considered
to be statistically significant. p-values were obtained
from a two-sided test.

RESULTS

Comparison of characteristics between
Groups | and Il

Patient demographic information, treatment profile
and disease profile are displayed in table 2. No signif-
icant difference between groups was found for any of
these factors except for age and weight. As shown in
table 1S, the dose-volume parameters of small bowel
in the two groups differed significantly from V20 to
V40 (p < 0.05). V20 of irradiated small bowel was
326.82 + 136.42 cm? in Group | while V20 of irradi-
ated small bowel was 253.35 £ 75.55 cm?® in Group |l
patients. When we compared the V40 in these two
groups, the small-bowel V40 was 81.9 £ 41.37 cm?
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in Group Il patients, which was nearly one-third of the
value for Group 1(293.58 + 131 cm?; p < 0.001).

Of the 77 patients who received conventional RT,
44 (57.14%) experienced Grades 2-3 toxicities. Of
the 23 patients who received IMRT, 9 (39.13%) expe-
rienced Grades 2-3 toxicities. No patients developed
acute toxicity Grades 4 or 5.1n Group |, 4 patients devel-
oped intestinal obstruction during follow-up between
3 months and 1 year and proceeded directly to sur-
gery. No patients developed an intestinal obstruction
in Group Il as of May 2016. A total of 10 patients were
given an RT break due to severe diarrhea for < 3 days in
Group I. The relationship between acute diarrhea and
the small bowel volume is illustrated in tables 25-4S.

Correlation between groups
characteristics and acute toxicity

None of the patient factors (weight, percentage depth
dosage, dose fraction, distance from skin to tumor,
LN metastasis, chemotherapy, block, brachytherapy,
hypertension, or diabetes) correlated with diarrhea in
the two groups. The one exception was that patients
experiencing Grades 2-3 diarrhea were older than
those with Grades 0-1 diarrhea in Group Il (p < 0.001).
Concurrent chemotherapy tended to associate with
a higher damage score in both groups (9.09% vs.
18.18%in Groupl,and 14.29% vs. 22.22% in Group D),
although the difference did not reach statistical signifi-
cance (Tables 2S and 3S).

A statistically significant association was observed
between Grades 0-1 and Grades 2-3 diarrhea at every
dose threshold level from 5 Gy to 40 Gy in Group |
(V5:291.77 £ 118.32 cm3vs. 406.94 + 137.46 cm?,
p = 0.002; V40: 226.49 + 105.57 cm3vs. 336.44 +
128.79 cm3, p=0.001) (Table 2S). In Group |, patients
who experienced Grades 2-3 diarrhea had a signifi-
cantly greater irradiated small bowel volume than
patients who experienced Grades 0-1 diarrhea at
every dose threshold level. In Group I, the volumes of
irradiated small bowel in patients with Grades 2-3 tox-
icity were slightly greater than those with Grades 0-1
toxicity, but the difference was not statistically signif-
icant (Table 3S).

We then conducted unconditional multivariate logistic
regression analysis of the data. We included factors



Table 2. Comparison of characteristics between Groups | and Il.
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Characteristic Group | Group Il p
Age 49.68 +10.02 42.39 £9.57 0.003
Age classification (%) 0.109

<60 62 (80.50) 22 (95.70)

260 15(19.50) 1(4.30)
Weight (kg) 60.61 £ 8.42 545+597 0.002
Dose fraction (Gy) 1.85+0.04 1.98 +0.07 0.000
Distance from source to tumor (cm) 109.78 £ 0.96 1000 0.000
Tumor types (No.)

Cervix carcinoma 53 18

Endometrial carcinoma 24 5
Pelvic LN metastasis (%) 17 (21.70) 4(18.20) 1.000
Prior chemotherapy (%) 34 (44.20) 13 (56.50) 0.297
Concurrent-chemotherapy (%) 11(14.30) 4(17.40) 0.743
Total chemotherapy (%) 38 (49.40) 14 (60.90) 0.332
Block (%) 55(71.40) 0 (0.00) -
Brachytherapy (%) 11(14.30) 0(0.00) -
Hypertension (%) 12 (16.00) 0(0.00) 0.063
Diabetes (%) 3(3.90) 0 (0.00) 1.000

LN: lymph nodes

such as age, weight, LN metastasis, chemotherapy,
dose fraction, distance from source to tumor, percent-
age depth dosage, block, brachytherapy, hypertension,
diabetes, and volumes at the different dose levels in an
univariate analysis of moderate and severe diarrhea.
V20 (372.19 + 133.26 cm?, p = 0.004) was the sin-
gle independent risk factor for Grades 2-3 diarrhea
in Group | (Table 4S). V25 (290.35 + 130.22 cm?,
p = 0.001) was an independent risk factor for Grades
2-3 diarrhea when the two groups were pooled for
analysis.

DISCUSSION

Diarrhea is a manifestation of both acute and late
intestinal toxicity from radiation treatment. Intestinal
mucosa cells are especially vulnerable to short bursts
of radiation because their high cell turnover during
active phases of mitosis leads to absorption reduction
and secretory disability, ultimately resulting in ulcer-
ation and fibrosis of the intestine®. Previous studies
have reported diarrhea prevalence of approximately
30-40% in patients undergoing radiotherapy*® and
have been observed to be as high as 52%?!!. Chen
et al. reported that 25-35% of patients receiving
chemoradiation had developed score > 3 diarrhea2.
When patient self-reports were used to assess symp-
toms, 66% had developed score 2 diarrhea, which
was a higher incidence than that reported by physi-
cian assessments (approximately 30%). During our
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follow-ups, up to 53% of all patients developed acute
Grades 2-3 diarrhea, meaning that more than half of
the patients suffered from acute diarrhea during can-
cer treatment. These data suggest that clinicians must
take the high incidence of diarrhea into account during
patient evaluations.

During the follow-ups, until May 2016, 7 patients in
Groups | and 2 patients in Group Il had chronic diarrhea.
Due to the limited number of chronic events, no statis-
tics was performed in late intestinal toxicity, and only
acute bowel toxicity was included. However, emerging
evidence has demonstrated an apparent relationship
between acute and late radiation-induced intestinal
injury, specifically in the case of small bowel damage.
Previous research found that the occurrence of severe
acute bowel damage significantly increased the risk of
late toxicity and that patients who were given a treat-
ment break due to diarrhea also showed an increased
incidence of severe late toxicity*. Other studies have
also demonstrated an association between increased
risk of late complication with acute injury due to pelvic
radiation?34, Given the correlation between acute and
late toxicity shown in these studies, it would appear
that an average dose lower than 45 Gy would reduce
the risk of development of late injury!®. Patients with
the post-operative RT received an average pelvic dose
< 45 Gy in our cancer center, which indicates that fewer
late events were observed. Two cases within the RT
group suffered from post-operative pelvic recurrence,
whereas there was no recurrence in the IMRT group.
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Besides, our study has confirmed that the volume
effect on the small bowel was strongly associated
with acute diarrhea at all dose levels in conventional
whole pelvic RT and that this association became
marginal in the IMRT group. The multivariate analy-
sis demonstrated that V20 > 372.19 cm? was a sin-
gle independent risk factor for Grades 2-3 diarrhea in
conventional RT, which reminds clinicians to constrain
V20 < 372.19 cm? by blocks or prone position. V25 >
290.35 cm? was an independent risk factor for Grades
2-3 diarrhea when data from all patients were pooled
together, which is another reference to dose-volume
limitations for clinicians. Consistent with the previous
reports21¢-18, Jower dose irradiation seemed to play a
major role in acute diarrhea toxicity, where V15 was
deemed an important dose-volume threshold level for
overall gastrointestinal symptoms2916.18,

Previous work has demonstrated that higher radiation
toxicity is associated with prior abdominal or pelvic
surgery, concurrent chemotherapy, weight, older age,
previous intestinal disorder, and dose > 45 Gy'°. In
the current study, patients in Group Il were a younger.
However, the age factor in multivariate analyses of
toxicities (Table 4S) did not reach significant differ-
ence in two groups; other factors (weight, LN metas-
tasis, chemotherapy, dose fraction, distance from
source to tumor, percentage depth dosage, block,
brachytherapy, hypertension, and diabetes) did not
significantly increase the incidence of severe toxic-
ity, largely because the average dose was < 45 Gy in
post-operative patients.

In previous studies, although the combined toxicity of
conventional pelvic RT with concurrent chemotherapy
was acceptable, the additional toxicity due to the intro-
duction of chemotherapy remained a notable concern.
This additional toxicity usually impeded escalation
of the radiation dose. The current dosage of chemo-
therapy used at our cancer center is lower than that
reported in previous studies. This is because the stan-
dard dosage caused severe overall toxicities, espe-
cially bone marrow depression, during past treatment
observations, which often resulted in interruption and
discontinuation of RT treatment. In our study, the con-
current chemotherapy was marginally associated with
higher damage scores in both groups. However, the dif-
ference did not reach statistical significance. Therefore,
it is recommended that at a decreased dose, chemo-
therapy can be used as a supplementary treatment.
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In this study, only patients who received whole pel-
vic radiation (AP/PA fields) were included instead of
those with standard four-field RT technique, because
we observed a high risk of osteonecrosis of the fem-
oral head and low control of para-aortic LN tumor
metastasis. Besides, most patients arriving at our
center for treatments had a tumor size larger than
4 cm, which put patients in a high risk of recurrence.
A few of the patients who received four-field RT were
excluded to lower the possibility of confounding fac-
tors in this study. The number of patients in the IMRT
Group is much lower than the one in conventional RT
Group because the patients enrolled in both groups
were recorded at about the same time. What should
not be ignored is that 4 patients in the conventional RT
group developed intestinal obstruction and underwent
surgery, partly due to the combination of AP/PA fields
RT technique with transabdominal surgery. No intesti-
nal obstruction event was observed in the IMRT group
possibly due to the fewer patients in this group.

Radiation oncologists advocate the advantage of the
IMRT technique, which enables the precise design of tar-
get volumes and steep dose gradients, thus reducing the
volumes of organs at risk irradiated. However, most sec-
ondary tumors occur near the normal tissue irradiated
at a low or intermediate dose. IMRT can decrease the
small bowel dose by > 65% at the expense of increasing
the volume irradiated for dose levels < 65%?1%1°.

In summary, V20 and V25 provided better diarrhea
assessment values for all selected patients, espe-
cially those undergoing conventional RT. IMRT deliv-
ered a high radiation dose to a target volume that
required meticulous field techniques, which may sac-
rifice coverage of microscopic extension of the tumor.
Nevertheless, IMRT had obvious dosimetric advan-
tages while reducing the damage to normal tissues and
the incidence of complications. More studies on IMRT
with larger sample sizes are ongoing in our group.

Supplementary data

Supplementary data are available at Revista de
Investigacion Clinica online (www.clinicalandtransla-
tionalinvestigation.com). These data are provided by
the corresponding author and published online for the
benefit of the reader. The contents of supplementary
data are the sole responsibility of the authors.
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