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Abstract: Radiation-induced emesis (RIE) is usually noted during abdominal-pelvic radiotherapy.
In gynecological malignancies, it is usually noted in para-aortic but not whole-pelvic irradiation.
Irradiated small bowel (SB) may be associated with RIE. The significance of SB dosimetry remains
unclear. Dosimetric and non-dosimetric factors were evaluated and correlated with RIE in 45 patients
with gynecological malignancies undergoing extended-field radiotherapy (EFRT) (median 45 Gy)
from 2006 to 2021. Early-onset RIE (within 72 h after the first fraction of EFRT) was noted in 10
of 12 RIE patients. RIE was significantly associated with the SB mean dose. The RIE rates were
58.3% and 15.2% (p = 0.007) in patients with a low (<63%) and high (≥63%) SB mean dose. Logistic
regression revealed that the SB mean dose remained the independent factor of overall RIE (p = 0.049)
and early-onset RIE (p = 0.014). Therefore, constraint of the SB mean dose limited to less than 63% of
the prescribed dose is suggested to decrease RIE.
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1. Introduction

Radiation-induced emesis (RIE) is a common side effect in radiotherapy for abdominal
malignancies. The incidence is around 40% [1]. Quality of life is always affected due to
characteristic of early onset and the impairment of food intake [1]. The upper abdomen is a
more frequent site than the pelvis for the development of RIE [2,3]. Therefore, the preven-
tion and management of RIE can avoid treatment interruption of radiotherapy. Dosimetric
study for RIE may be helpful for RIE prevention. However, there is no dosimetric study
about RIE in patients with abdominal malignancies. The aim of the current study is to
identify dosimetric factors of RIE in these patients.

2. Materials and Methods
2.1. Patients and Radiotherapy

From September 2006 to June 2021, 45 patients who underwent extended-field radio-
therapy (EFRT) to treat the whole pelvis and para-aortic lymph node (PALN) for cervical or
endometrial cancers were retrospectively reviewed. Patients who met the following condi-
tions were eligible in this study: (i) cervical or endometrial cancer confirmed by histology;
(ii) clinical FIGO stage IB2-IVa cervical cancer or pathologically stage IIIC cervical cancer
or stage IIIC endometrial cancer; (iii) no prior radiotherapy; (iv) age ≥20 years old and
performance status of the Eastern Cooperative Oncology Group (ECOG) 0–2; (v) adequate
bone marrow, renal and liver function.
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Axial CT slices were acquired every 3–5 mm with thermoplastic mask fixation, supine,
and arm elevation position. Treatment planning was performed using the Pinnacle treatment
planning system (Philips Radiation Oncology Systems, Fitchburg, WI) or RayStation treatment
planning system (RaySearch Laboratories, Stockholm, Sweden). Organs at risk (OARs) such
as the kidney, spinal cord, bladder, loops of small bowel, colon, and rectum were contoured.
Contouring of the bowel was based on the following principles. The rectum was delineated
first. Furthermore, the colon was contoured above the rectum to trace slice by slice from
sigmoid to descending, transverse, and ascending colon. The remaining bowel loops were
defined as small bowel. The constraint was kidney V20 < 30% for IMRT. Two-dimensional
(AP/PA) or three-dimensional conformal radiotherapy (3D-CRT) using the 4-field technique,
intensity-modulated radiotherapy (IMRT), or volumetric modulated arc therapy (VMAT) was
delivered. Common Terminology Criteria for Adverse Events (CTCAE) version 3 was used
for vomiting during the whole period of treatment recorded by a physician (E.-Y.H.) who
was interested in radiation-induced bowel complications. In patients without symptoms, we
routinely evaluated weekly. While patients had significant radiation-related side effects such
as cramping, diarrhea or vomiting, immediate medications were prescribed for symptoms
relief. The clinical target volume (CTV) delineation includes the vagina, external iliac, internal
iliac, common iliac lymph, and para-aortic nodes for patients with hysterectomy. Intact
uterine and cervix were additionally included in CTV for definitive radiotherapy for cervical
cancer. In general, planning target volume (PTV) was an extension of CTV plus 10 mm in all
directions. For patients who were treated with a daily image-guided setup, the PTV extension
was 5 mm. The prescribed dose was 39.6–50.4 Gy/20–28 fractions for the whole pelvis and
PALN. After EFRT, lymph node/parametrial boost and high-dose-rate brachytherapy were
provided dependent on the condition of the disease. Further boost to 54~60 Gy to gross lymph
node was delivered. The boost dose for an intact cervix was 24–27 Gy/4–6 fractions using
brachytherapy. Cisplatin-based concurrent chemotherapy was provided for 39 patients. SB
mean dose was presented as Gy or a percentage per fraction (%) with standardization to a
45 Gy prescription.

2.2. Statistics

The receiver operating characteristic (ROC) curve was used to determine the optimal cutoff
SB volume and mean SB dose. Spearman’s correlation was used to calculate the association
among BMI, SB volume and mean SB dose. An independent t test was used to compare
dosimetry between two groups. A chi-square test was used for comparison of incidence
of vomiting between different groups. Logistic regression was performed for prediction of
vomiting. The statistics were proceeded by SPSS 25 (SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Dosimetric Data between Patients with and without RIE

There were 45 patients reviewed in this study. The characteristics of the patients are
shown in Table 1. Grade 0, 1, and 2 vomiting were noted in 33 (73.3%), 7 (15.6%), and 5
(11.1%) patients, respectively. The onset of vomiting usually appeared within 72 h after
the first fraction of radiotherapy in 10 patients. Two patients experienced RIE at 16 and
18 fractions after EFRT. Therefore, we defined early-onset RIE as an episode within 72 h.

The mean dose of SB was 28.9 ± 1.7 and 24.8 ± 0.8 Gy (Figure 1a) in patients with and
without vomiting (p = 0.022), respectively. The corresponding SB volume was 697 ± 43 and
868 ± 51 mL (p = 0.062) (Figure 1b). The mean dose of SB was 30.4 ± 1.6 and 24.5 ± 0.8 Gy
in patients with and without early-onset RIE (p = 0.002), respectively. The corresponding
SB volume was 680 ± 29 and 867 ± 51 mL (p = 0.003).
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Table 1. Characteristics of patients (n = 45).

Characteristics Mean ± SEM or Number (%)

Age (years) 52.0 ± 1.7

BMI (kg/m2) 24.5 ± 0.5

Diabetes
No 40 (88.9%)
Yes 5 (11.1%)

Hypertension
No 37 (82.2%)
Yes 8 (17.8%)

Disease
Cervical cancer 37 (82.2%)

Endometrial cancer 8 (17.8%)

Prior chemotherapy
No 38 (84.4%)
Yes 7 (15.6%)

CCRT
No 6 (13.3%)
Yes 39 (86.7%)

IMRT/VMAT
No 13 (28.9%)
Yes 32 (71.1%)

EFRT dose (Gy)
≤40 6 (13.3%)
45 37 (82.2%)

50–50.4 2 (4.5%)

Small-bowel volume (mL)
<720 17 (37.8%)
≥720 28 (62.2%)

Small-bowel mean dose (Gy) (%)
<28.35 (63%) 33 (73.3%)
≥28.35 (63%) 12 (26.7%)

SEM: standard error of mean.

Figure 1. (a) Mean SB dose (p = 0.022) and (b) SB volume (p = 0.062) in patients without and with RIE.
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3.2. Univariate and Multivariate Analyses of RIE

The AUC was 0.697 (p = 0.045) (Figure 2a) for predicting vomiting and the optimal
cutoff of the SB mean dose was 28.35 Gy. The AUC was 0.699 (p = 0.043) (Figure 2b) for
predicting vomiting and the optimal cutoff of SB volume was 720 mL. Table 2 shows a
univariate analysis of RIE. The incidence of vomiting was 58.3% and 15.2% in patients
with a high and low mean SB dose (p = 0.007), respectively. The corresponding rate was
52.9% and 10.7% (p = 0.004) in patients with a low and high SB volume. The correlation
coefficient with SV volume was 0.267 (p = 0.076), 0.411 (p = 0.005), and -0.146 (p = 0.340)
in age, BMI, and mean SB dose, respectively. Therefore, BMI was not included in the
multivariate analysis because it was not independent with SB volume. Table 3 shows the
multivariate analysis of RIE. The mean small-bowel dose (p = 0.049) was the independent
factor of RIE.

Figure 2. (a) Mean SB dose and (b) SB volume in patients without and with RIE.

Table 2. Univariate analyses of RIE.

Parameters Category % p Value

Age (years) <56 39.3% 0.017
≥56 5.9%

BMI (Kg/m2)
<24 34.8% 0.208
≥24 18.2%

SB volume (mL)
<720 52.9% 0.004
≥720 10.7%

Mean SB dose (%)
<63% 15.2% 0.007
≥63% 58.3%

IMRT/VMAT
No 7.7% 0.134
Yes 34.4%

PTV (mL)
<1635 31.8% 0.445
≥1635 21.7%

Prior chemotherapy No 26.3% 1.000
Yes 28.6%

CCRT
No 33.3% 0.650
Yes 25.6%
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Table 3. Multivariate analyses of RIE.

Parameters Category OR (95% CI) p Value

SB volume (mL)
<720 reference 0.097
≥720 0.197 (0.029–1.343)

Mean SB dose (%)
<63% reference 0.049
≥63% 6.104 (1.012–36.8180)

PTV (mL)
<1635 reference 0.654
≥1635 1.631 (0.191–13.914)

Age (years) <56 reference 0.113
≥56 0.134 (0.011–1.607)

IMRT/VMAT
No reference 0.364
Yes 3.299 (0.251–43.391)

CCRT
No reference 0.646
Yes 0.525 (0.034–8.196)

CI: confidence interval; OR: odds ratio.

Table 4 shows the multivariate analysis of early-onset RIE. The mean small-bowel
dose (p = 0.014) remained the independent factor.

Table 4. Multivariate analyses of early-onset RIE.

Parameters Category OR (95% CI) p Value

SB volume (mL)
<720 reference 0.097
≥720 0.160 (0.018–1.393)

Mean SB dose (%)
<63% reference 0.014
≥63% 13.814 (1.698–112.353)

PTV (mL)
<1635 reference 0.576
≥1635 0.527 (0.056–4.982)

Age (years) <56 reference 0.118
≥56 0.112 (0.007–1.740)

CCRT
No reference 0.532
Yes 0.389 (0.020–7.490)

CI: confidence interval; OR: odds ratio.

4. Discussion

Regarding RIE, only sporadic literature is currently discussed [1]. There is no literature
on its mechanism in detail or dosimetry. RIE is associated with the location of irradiation [1].
There are some dosimetric studies for RIE in head and neck cancer [4]. Dose to area
postrema (AP) and dorsal vagal complex (DVC) may be associated with the development
of nausea. It may be involved in the area of the brain stem that is similar to chemotherapy-
induced emesis [5]. It is related to serotonin [6]. However, abdominal irradiation is bound
to trigger nerve reflexes through the enteric nerve plexus to cause vomiting [5]. Whether it
is vomiting caused by chemotherapy or radiotherapy, the clinical treatment medication is
the serotonin receptor antagonist [5,7] and the effect is quite good.

In the small intestine, serotonin is distributed in the enterochromaffin cells (ECs) in the
epithelial cells, which can be said to be the neuroendocrine cells of the intestinal villi. In fact,
serotonin in the SB accounts for about 90% of the whole body [8]. Animal experiments have
found that cisplatin induces a vomiting pattern, and serotonin is produced in the proximal
part of the small intestine more than in the distal part [5]. Once the EC is stimulated, it can
secrete serotonin, which is then used as a neurotransmitter to stimulate the submucosal
intrinsic primary afferent neurons and then reflex to the central nervous system [9]. From
present results, low-dose radiation may trigger the vomiting reflex if a sufficient volume of
SB is irradiated. It is presented as a mean SB dose. The small SB volume possibly associated
with vomiting was an unexpected result in present study. No correlation between SB
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volume and mean SB dose was noted in our analysis. We hypothesize that the vagal
tone may affect SB volume. There are some studies discussing the correlation between SB
volume and conditions with a decreased vagal tone. Klinge et al. noted a larger SB volume
in diabetes patients (mean 927 mL) than health control (mean 713 mL) (p = 0.002) [10]. Brock
et al. noted a decreased cardiac vagal tone (CVT) in diabetes patients [11]. Age is associated
with decreased CVT [12]. In the present data, age and diabetes (data not shown) were
associated with an increased SB volume. Therefore, a patient with a small SB volume may
have an intense vagal tone that is predisposed to vomiting. Further prospective studies to
investigate the correlation between SB volume and vagal tone which is measured by heart
rate variability (HRV) [13–15] are encouraged.

There are some strengths and limitations in present study. To the best of our knowl-
edge, this is the first study demonstrating the dosimetric correlation of RIE. The mean
SB dose was a significant factor. We reported each grade vomiting instead of acute GI
toxicity. Although chemotherapy is associated with vomiting, it was not a significant
factor in the present study. Acute side effects of CCRT for cervical cancer were usually
reported as acute GI toxicities. Vomiting is not separately reported or reported as “nausea
or vomiting”, Grade 3–4 is frequently reported instead of each grade. Yang et al. [16]
revealed that 70% of patients experienced nausea during EFRT but no vomiting and no
dosimetric correlation were reported. Gupta et al. reported 23.3% Grade 3–4 vomiting
that is similar to our data during the EFRT [17]. Jakubowicz et al. reported 3.3% of Grade
3–4 nausea and vomiting in patients undergoing a whole-pelvic RT (WPRT) [18]. Uno
et al. reported (100%) nausea and vomiting in EFRT patients [19]. Although concurrent
chemotherapy is a significant factor of vomiting [20,21], prior chemotherapy is the other
significant factor [1,21]. All our patients who did not receive CCRT had experience of prior
chemotherapy for endometrial cancer. Therefore, no CCRT patients were chemotherapy
naïve in the present study. These can explain no significant role of CCRT in RIE. Ruhlmann
et al. proposed that radiation SB volume is a risk factor but no study was available [22].
However, no dosimetric correlation with RIE on small bowel was reported. Therefore, the
aim of the current study, is to study this effect. We can set strict constraints of IMRT/VMAT
to reduce RIE. In the present patients’ group, the larger upper part of SB irradiated may be
a more important factor. Marnitz et al. compared dosimetry among different techniques
for WPRT or EFRT and suggested proton beam therapy to reduce complications including
SB [23]. In addition, MRI-guided radiotherapy is a possible option to reduce the dose to
OARs [24,25]. It may be helpful for reduction in RIE. Early-onset RIE is worth paying
attention to because quality of life is always involved. The median onset time of RIE is
3 days after RT starting [1]. In whole body irradiation, prolong emesis lasts 2–3 days in
about 40% patients [26]. Delayed emesis as well as cisplatin is not seen with radiotherapy,
and anticipatory emesis is extremely rare [26]. Therefore, we defined 72 h as the cutoff time
of early-onset RIE. Furthermore, the 10% incidence of emesis (ED10) is 1 Gy [26]. From
our data, the mean SB dose of 28.35 Gy at 45 Gy of the prescribed dose is transformed
to 1.134 Gy at 1.8 Gy each fraction. The incidence of RIE below 1.134 Gy was 15.2% that
is compatible with ED10. The limitation of present study is a retrospective investigation.
Statistical power may be influenced by a limited sample size. A further prospective study
is needed to clarify why upper abdomen irradiation is a high-risk area for RIE [21,22].

5. Conclusions

The SB mean dose is a significant factor of RIE. Constraint of the SB mean dose limited
to less than 63% of the 45 Gy prescribed dose is suggested to decrease RIE.
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Abbreviations

Extended-field radiotherapy EFRT
Whole-pelvic radiotherapy WPRT
Concurrent chemoradiotherapy CCRT
Small bowel SB
Cardiac vagal tone CVT
Computed tomography CT
Heart rate variability HRV
Body mass index BMI
Intensity-modulated radiotherapy IMRT
Volumetric modulated arc therapy VMAT
Planning target volume PTV
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