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ABSTRACT

Introduction: Adjuvant Whole-Pelvic Radiation Therapy (WPRT) improves loco-regional
control for high-intermediate stage I to stage III endometrial cancer patients. Intensity
Modulated Radiation Therapy (IMRT) tends to replace the standard 3D conformal radiation
therapy (3DCRT) technique used in trials.

Material and Methods: Consecutive patients with stage I to Illc endometrial cancer treated
between 2008-2014 in our department with post-operative 3DCRT or IMRT WPRT were
studied retrospectively. Patients with cervical involvement underwent additional Low-Dose
Rate vaginal brachytherapy. The impact of the WPRT technique on local control, tolerance,
disease-free survival (DFS), and overall survival (OS) was assessed. Clinicians evaluated
routinely acute radiation toxicity each week during radiation therapy and late toxicity during
standard follow up consultations.

Results: Median follow-up was 50 months (range: 6-158). Among the 83 patients included,
47 were treated with 3DCRT and 36 with IMRT. There was no difference in patient
characteristics between groups. The 5-year locoregional control and DFS rates were 94.5%
and 68%, respectively. No significant difference was found between the 3DCRT and IMRT
groups in terms of survival, with 5-year OS rates of 74.6% and 78%, respectively. In
multivariate analysis, age over 68, stage >T1, and grade 3 were independently associated with
shorter DFS and OS. Seven patients (8.4%) had grade 3-4 acute gastrointestinal (GI) toxicity
with five patients (10.6%) and two (5.4%) in the 3DCRT and IMRT groups, respectively
(p=0.69). One case (1.2%) of late grade 3 GI toxicity was observed treated in 3DCRT.
Conclusions: IMRT seems to be a safe technique for the treatment of endometrial cancer with
a trend towards decreased acute GI toxicities. Results of the phase 3 RTOG 1203 trial are

needed to confirm these results.



Endometrial cancer — 3DCRT vs IMRT 3

Keywords: intensity-modulated radiation therapy; endometrial cancer; toxicity;

brachytherapy.



Endometrial cancer — 3DCRT vs IMRT 4

Introduction

According to the Global Cancer statistics for 2018, with 382,069 new cases diagnosed
yearly and 89,929 deaths worldwide, endometrial cancer is a frequent and serious disease,
especially in Europe and North America due to the impact of obesity on its
physiopathology[1]

After hysterectomy, whole-pelvic radiation therapy (WPRT) is recommended for high-
intermediate and high-risk stage I, stage II, and III endometrial cancer [2]. Several studies
have shown a reduction in loco-regional recurrence and a good tolerance [3—6]. In the
PORTEC 1 trial, the 15-year actuarial locoregional recurrence rates were 6% in the group
treated by WPRT versus 15.5% in the group treated with surgery alone (p < 0.0001) [3,7]. In
the meta-analysis by Kong. et al, WPRT has permitted a reduction in locoregional relapse,
with a relative risk (RR) of 0.28 (95% confidence interval (95% CI) = 0.17-0.44) [4].

Considering WPRT has not been shown to have an impact on overall survival (OS),
other adjuvant modalities have been investigated. The PORTEC 2 trial showed that vaginal
brachytherapy alone could be an alternative for high intermediate risk endometrial cancer.
However, the pelvic recurrence was significantly higher in the vaginal brachytherapy alone
arm (3.8%) than in the pelvic irradiation arm (0.5%) (p=0.02). [8] Another option is adjuvant
chemotherapy associated to radiation therapy. However, in a recent randomized trial, de Boer
et al reported that adjuvant chemotherapy given during and after radiotherapy for high-risk
endometrial cancer did not improve 5-year OS [9].

Since the beginning of the 2000’s, Intensity Modulated Radiation Therapy (IMRT)
tends to replace the standard 3D conformal radiation therapy (3DCRT) technique that has
been widely used for the treatment of pelvic tumours. Integrating advances in engineering
(Multi-Leaf Collimators) and informatics (inverse dosimetric planning), this modern

technique of external beam radiation therapy allows the delivery of a highly conformal
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treatment without compromising the target volume coverage. Hence, IMRT has become a
common strategy for whole pelvic radiotherapy (WPRT), and has been shown to reduce the
dose received by surrounding organs at risk (OARs) [10,11]. Therefore, using IMRT should
in theory improve the tolerance of the treatment without compromising its efficacy. A recent
Cochrane Database systematic review supports these assumptions, finding IMRT significantly
better than 3DCRT in terms of GI toxicity in the context of pelvic irradiation but with limited
data on local control and survival [12].

In this context, the outcomes of patients with endometrial cancer treated with post-
operative WPRT using 3DCRT or IMRT were retrospectively studied and the impact of these

two techniques on local control, tolerance, and survival was assessed.

Patients and Methods
Patients

All consecutive patients treated in the department for endometrial cancer by WPRT
from 2008 to 2014 were reviewed. Patients with histologically proven high-intermediate and
high-risk stage I to IIIC endometrial cancer according to the ESMO-ESGO-ESTRO
classification with no distant metastasis at diagnosis were eligible for inclusion [2]..
Therapeutic management was decided on by a multidisciplinary tumour board on an
individual basis, according to the French National Institute of Cancer guidelines [13]. Prior to
WPRT, all patients had undergone total hysterectomy and bilateral salpingo-oophorectomy
with or without lymphadenectomy—We included patients with a type 1 (endometrioid) or type

2 (serous, clear cell or carcinosarcoma) endometrial cancer.

Treatment
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For computed tomography (CT) simulation, a CT scan was acquired in a supine
position with a full bladder and an empty rectum. Two series were acquired: one without
injection of intravenous contrast for dose calculation, and a second with contrast to help
delineation. The upper limit of the acquisition was the L2—L3 interspace and the lower limit
was 2 cm below the lesser trochanter. We applied the same delineation protocol for both
radiation therapy techniques. The clinical target volume (CTV) included the upper third of the
vagina, vaginal vault, regional lymph nodes (common iliac, internal and external iliac,
presacral areas) with vessels and paranodal tissues. The planning tumour volume (PTV) was
defined by adding a 1 cm-margin around the upper third of the vagina and a 5 mm-margin
around the nodal CTV. Stage IIIC2 patients also received radiation to the para-aortic region.

OARs included the entire bladder, anal canal, rectum, bowel (delineated as the
peritoneal cavity until 2 cm above the PTV) and femoral heads. For patients treated using
IMRT, iliac bones, pubic symphysis, and vulva were delineated.

According to the International Commission on Radiation Units and Measurements (ICRU)
83 recommendations, treatment planning aims were that 95% of the PTV received at least
95% of the prescribed dose with a maximum dose not exceeding 107% of the latter [14]. For
optimization and approval, we used the same dose constraints for the OARs in 3DCRT and
IMRT, except for in 3DCRT for the dose to the bowel bag (dose reporting) and the iliac bone
(not evaluated) (Supplementary Material. Table 1).
3DCRT was performed with anterior, posterior and two lateral beams. IMRT was performed
with five to ten beams with a step and shoot technique. All patients had daily megavoltage
imaging to control their positioning before treatment.

When the cervix was infiltrated, postoperative Low-Dose-Rate (LDR) vaginal

brachytherapy was administered after WPRT using the vaginal mold technique with after
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loaded 192Ir sources. This technique was described in previous studies [15], [16]. The
prescription at the reference isodose, defined at 5 mm from the applicator, was 15 Gy.
According to the ESMO recommendations, patients with histological type II, FIGO
stage III, LVSI received adjuvant chemotherapy if indicated. Usually, it consisted in six
cycles of carboplatin AUC 5 and paclitaxel 175 mg/m? every three weeks administered

between surgery and WPRT.

Endpoints

The primary endpoint was locoregional relapse, defined as a relapse of the primary
tumour at the vaginal vault or pelvic lymph nodes, suggesting in-field failure. [17] [18]. It was
calculated from the time of diagnosis to the date of any evidence of locoregional recurrence or
last follow up.

Secondary endpoints were acute and late toxicity, OS, and disease free survival (DFS).
OS was defined as the time from the date of diagnosis to the date of death from any cause or
last follow up. DFS was measured from the date of diagnosis to the date of any evidence of

local recurrence, distant metastasis or last follow up.

Toxicity assessment and follow-up

We studied the most frequent toxicities, such as gastrointestinal (GI) and genitourinary
(GU). Acute and late toxicities were defined as an event occurring within and after 90 days
from the start of WPRT, respectively.

Clinicians graded routinely acute GI and GU radiation toxicity each week during
radiation therapy, according to the Common Terminology Criteria for Adverse Events

(CTCAE) version 4.0 scale.
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Follow-up evaluation with pelvic examination, thoraco-abdomino-pelvic CT, ACE,
and CA 125 dosages was performed at 1 month post-WPRT, and then every 3 months for 6
months, every 6 months for 4.5 years, and annually thereafter. Late toxicity was scored

according to LENT-SOMA scale during each follow up consultation.

Statistical analysis

The impact on outcomes of radiation therapy technique and usual predictive factors
identified in the literature were evaluated in univariate and multivariate analysis.

Baseline characteristics between groups were compared using the Chi-square and
Fisher’s exact tests. The cumulative probabilities of OS and DFS rates were calculated using
the Kaplan-Meier method and compared using a log rank test. Univariate and multivariate
analyses were done using Cox's regression. For multivariate analyses, factors with a p<0.2 in
univariate analysis were included. For comparison of dosimetric data a Student’s T-test was
performed with a one-sided superiority test. A p value less than 0.05 was considered
statistically significant. All statistical analyses were performed using R Studio software
(version 3.3.2), RStudio Inc.

The institutional review board of the institution approved this monocentric

retrospective study.

Results

We retrospectively reviewed the medical files of 96 consecutive women treated for
endometrial cancer with WPRT from December 2008 to December 2014 in the department.
Thirteen patients were excluded: eight had metastatic disease at diagnosis, four had

undifferentiated sarcoma, and the last had not been operated. Finally, the study population
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was composed of 83 patients treated with post-operative WPRT. Characteristics of the 83
patients are reported in Table 1.

Most of the women were menopausal (97.6%) with a median age of 68 years (range:
40-86). They mostly had a myometrial invasion superior to 50% (66.3%) and no vaginal
extension (90.4%). FIGO stage III (54.2%) and grade 1-2 (59%) cancers were the most
represented in the population.

Forty-seven patients (56.6%) received adjuvant chemotherapy combining paclitaxel
and carboplatin for the large majority (95.6%) with a median of 5.4 cycles (range: 2-6).

Regarding the irradiation technique, 47 patients were treated by 3DCRT between
December, 2008 and April, 2012. Since the implementation of IMRT in the department in
May 2012, 36 patients were treated by IMRT between June, 2012 and December, 2014.

There was no difference between the 3DCRT and IMRT groups regarding age,
histology type, grade, FIGO stage, LVSI status, adjuvant chemotherapy, and brachytherapy
(Table 1).

The median dose was 45 Gy (range: 41.4 - 55 Gy) in 20 fractions and 35 days (range:
21-59 days). One patient had to stop WPRT after 21 days because of a grade 3 GI toxicity in
the IMRT group but was kept in the study for the statistical analyses. Six patients received a
lymph node boost with a median dose of 8.9 Gy (4.5-10). Twenty-four patients (29%)
underwent LDR vaginal brachytherapy after WPRT because of cervical involvement, 11 in
the 3DCRT group (30.5%) and 13 in the IMRT group (27.7%), p=0.96. The median interval
between WPRT and vaginal brachytherapy was 19 days (range: 5-48). The median total dose
at the reference isodose was 15 Gy (range: 10-20 Gy). The median dose at the ICRU rectal
point was 11.3 Gy (range: 4-25 Gy), and the median dose at the ICRU bladder point was 7.85

Gy (range: 2.4-15.9 Gy).
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Median follow up was 50 months (range: 6-158 months). During follow-up, five
locoregional relapses were observed: two nodal (iliac) and two local relapses (vaginal and
sigmoid) in the 3DCRT group and one nodal iliac relapse in the IMRT group. The
locoregional control rate was 96.2% (95% CI= 92.1-100) and 94.5% (95% CI= 89.3-100) at 2
and 5 years of follow up, respectively. In univariate analysis, we did not find any statistically
significant factor related to an increased risk of locoregional relapse.

Twenty-eight relapses were observed: all locoregional relapses were associated with
distant nodal metastasis, except one (Figure 1). The most frequent locations of distant relapses
were peritoneal carcinomatosis (eight patients) and lung metastasis (eight patients). Twenty
distant relapses occurred in patients treated by 3DCRT and eight in patients treated by IMRT
(p = 0.005). The 5-year DFS rate was 60.3% (95% Cl= 47.6-76.4) in the 3DCRT group, and
76.2% (95% CI= 63-92.2) in the IMRT group (p = 0.5). In the univariate analysis, four factors
were statistically related to an increased risk of tumour relapse: age over 68 years, grade 3, the
absence of lymphadenectomy, and a trend for T stage > T1 (Table 2). In the multivariate
analysis, three factors were independently significant: age over 68 years, stage > T1, and
grade 3 (Table 2).

During the follow-up period, twenty deaths occurred: thirteen (27.7%) and seven
(19%) patients died in the 3DCRT and IMRT groups, respectively. The 5-year OS was 74.6%
(range: 63%-89%) and 78% (range: 65%-94%) in the 3DCRT and IMRT group, respectively
(p = 0.8). In the univariate analysis, three statistically significant factors predicted a worse
OS: age over 68 years, grade 3, and the absence of lymphadenectomy (Supplementary
material, Table 2). In the multivariate analysis, three factors were independently significant:

age over 68 years, stage > T1, and grade 3 (Supplementary material, Table 2).

10
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Fifty-three patients presented acute GI toxicity of any grade (64%). Sixteen patients
(34%) and 11 patients (30.5%) had at least one grade 2 toxicity in the 3DCRT and IMRT
groups respectively (p=0.7). Five (10.6%) patients and two patients (5.4%) had grade 3 GI
toxicity in the 3DCRT and IMRT groups respectively (p=0.69) (Figure 2). Among patients
treated in IMRT who had at least a grade 2 GI toxicity, three patients underwent
brachytherapy, one received chemotherapy, and five had a body mass index < 29 kg/ m?. No
grade 4 or 5 toxicity was observed in either group. Thirty patients had acute GU toxicity of
any grade (36%). Seven patients (15%) and one patient (2.7 %) had grade 2 toxicity in the
3DCRT and IMRT groups, respectively (p=0.1). No grade >3 GU toxicity was observed in
both groups.

A late GI toxicity event was reported in one patient: a radiation enteritis of grade 3.
The patient was treated with 3DCRT and underwent surgery for radiation enteritis 2.5 years
after the end of WPRT. Three patients (3.6%) had chronic grade 1 GU toxicity: one patient
was treated with 3DCRT and two with IMRT (p=0.58). No case of grade > 2 chronic GU
toxicity was observed in any group. However, significant differences, with a lower mean
D2% of bladder and rectum, and for the mean bladder V40 were found in favour of the IMRT
group (Table 3).

Among the factors previously mentioned, no prognostic determinant factor of acute or

late toxicity were found.

11
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Discussion

In agreement with previous studies, in our experience IMRT was not inferior to
3DCRT in terms of locoregional control, DFS, and OS in the adjuvant treatment of high-
intermediate and high-risk endometrial cancer [19-24]. This study also seemed to find less
early GU and early and late GI toxicities after IMRT compared to 3DCRT.

The 5-year locoregional control rate was 96% with no significant difference between
the two groups, similar to the rates reported in the ASTEC trial and EN.5 meta-analysis [20].

The role of lymphadenectomy in endometrial control remains controversial. Herrera et
al. found that lymphadenectomy was a prognostic factor of locoregional control [21]. A recent
update of a Cochrane meta-analysis including two randomised control studies, found that no
randomised control trial showed an impact of lymphadenectomy on DFS or OS [25]. In our
study, there was a trend towards lymphadenectomy as a prognostic factor of locoregional
control but also in OS in univariate analysis, which has not been found in previous studies.
Endometrial cancer is mostly diagnosed at an early stage with a good prognosis and high
survival rates. Hence, tolerance of therapies and quality of life are a particular concern for
these patients [26—28].

In our experience, a lower incidence of GI toxicity was noted in the IMRT compared to
the 3DCRT group. Indeed, our results were not significant, which may be explained by the
sample size and the low number of events. However, we observed a rough decrease of 50%
between the two groups: 10.6% and 5.4% of patients exhibited acute grade 3 GI toxicity in the
3DCRT and IMRT groups, respectively (p=0.69). When comparing the average dosimetric
results for the bladder and rectum per group, there was a significant advantage in favour of a
lower D2% for bladder and rectum in the IMRT group (p=0.08; p=0.03) compared to 3DCRT
group, as well as a lower V40 for the bladder in the IMRT group (p<0.001). This study is one

of the largest retrospective studies reporting toxicity with 3DCRT and IMRT in endometrial

12
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cancer and our results are in agreement with Chen et al. who reported 6.2% of grade > 3 acute
GI toxicity after IMRT [29]. Mundt et al. have published two retrospective studies including,
respectively, 15 and 36 patients with gynaecological tumours treated with IMRT showing a
significant reduction in acute GI toxicity and chronic toxicities [29-31]. Beriwal et al, in a
series of 47 patients with endometrial cancer treated by adjuvant WPRT and HDR
brachytherapy, reported only one case of grade 3 GI toxicity [19]. Similarly, in a series of 46
patients with high risk endometrial cancer treated with postoperative WPRT, Shih et al [20]
reported only two cases of grade 3 toxicity, one acute and one chronic. In the RTOG 0418
phase II trial, 43 patients with stage IB-IIIC endometrial cancers have been included. Among
them, 28% presented acute GI toxicities including nine grade 2 and three grade 3 [21].

The impact of IMRT on toxicity is currently investigated in the RTOG 1203 phase III
study, in which 278 patients with endometrial or uterine cervical cancer are randomised
between a 4-field-standard 3DCRT and IMRT. Preliminary results showed a decrease in
toxicity and a better quality of life after 5 weeks of irradiation with IMRT [27]. In this study,
30% of the patients treated with IMRT presented at least a grade 2 GI toxicity with 5.4%
presenting a grade 3 GI toxicity. This is consistent with the preliminary results of the French
prospective multi-institutional clinical trial RTCMIENDOMETRE designed to evaluate the
incidence of toxicity after IMRT at a dose of 45 Gy in patients with FIGO IB-II stage
endometrioid cancers with 27% of grade > 2 acute GI toxicity [23]. These results are in
agreement with our current study, reporting 30.5% of GI toxicity after IMRT including 23.4%
of grade > 2. Conversely, Cho et al. have recently conducted a prospective trial with 120
patients with cervical or endometrial malignancies showing no difference in acute GI and GU
toxicities between 3DCRT and IMRT, but the median dose was 5 Gy higher in IMRT group
[32]. Finally, a recent review of the Cochrane database demonstrated that WPRT treated in

IMRT may reduce acute toxicities versus 3DCRT (RR=0.48, 95%CI=0.26-0.88) and at least

13
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grade 2 late GI toxicity (RR=0.37, 95%CI=0.21-0.65), but with a low-certainty evidence. The
authors included only two trials about prostate and cervical cancers but no endometrial cancer
[12].

Considering long-term toxicities, we reported only one case of grade 3 radiation
enteritis, in the 3DCRT group. Foerster et al. reported a significant decrease in chronic
intestinal symptoms using IMRT [33]. In the present study, probably due to the low number
of events and patients older than 80 years old, no predictive factor of toxicity was found while
Rovirosa et al. found an increase of severe late small bowel toxicity after IMRT in patients >
80 years [34].

In contrast to GI toxicity, little data are available on GU toxicity. In the present study,
30 patients had acute GU toxicity of any grade (36%). Again, although our results were not
significant, possibly due to the small sample size and the low number of events, the rate of
GU grade 2 toxicity roughly decreased by over 10%, with 15% and 2.7% in the 3DRCT and
IRMT groups, respectively (p=0.1). Our results contrast with those of a previous study
reporting no severe GU toxicity after IMRT [29]. In the RTCMIENDOMETRE trial, the rate
of grade 2 GU toxicity was 19%, while only 2.7% have been noted in our study. This apparent
discrepancy in the rate of GU toxicity can be partly explained by the rate of brachytherapy
well known to increase local toxicities of external beam radiation therapy (75% in
RTCMIENDOMETRE versus 29% in our study) [8]. Finally, Soisson et al. showed that
endometrial cancer survivors were at elevated risk for urinary system disorders between one
and five years (RR=1.64, 95%CI=1.50-1.78). They also underlined that patients with higher
stage, higher grade, older age, and treated with radiation therapy or chemotherapy were at
higher risk for urinary disorders [35]. From the physiopathological point of view, the decrease

in both GI and GU toxicity can be explained by the IMRT technique. Indeed, Heron et al.

14
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showed a significant reduction of the volume receiving 30 Gy (V30) with IMRT by about
66%, 52%, and 36%, in rectum, bowel, and bladder, respectively [36].

When considering the secondary endpoints, in the IMRT group, 5-year DFS and OS
were 76.2% and 78%, respectively, which is consistent with the literature [22]. In our
multivariate analysis, we confirmed that age over 68 years, stage > T1, and grade 3 were
independent factors for both DFS and OS [21,23] while LVSI status was not significant.

Some limitations must be considered for this study. First, the retrospective nature as
well as the sample size cannot exclude bias. However, the consistency of treatment planning
and administration in the department as well as the delineation technique, treatment machine,
and the verification of patient positioning remained constant during the period study
contribute to limit the risk of bias. Second, the absence of stratification according to tumour
size is another limit as previous studies reported a higher risk of recurrence for patients with a
tumour size superior to 3 cm [37] [38]. Third, late toxicity should be analysed with caution as
the follow-up of patients treated by IMRT is lower than that of 3DRCT group. However, no
difference in survival was noted between the groups. The number of tumour relapses
significantly different may be explained by the difference of follow up between the groups.

Despite the limits of the present study, our results support that patients treated with
whole pelvis IMRT had no difference in tumour control and survival, with a decreased
toxicity compared to those treated with 3DCRT. This study is one of the biggest retrospective
study about toxicity between 3DCRT and IMRT in endometrial cancer. These findings must
be interpreted with caution due to the monocentric and retrospective nature of this study. We
await the results of the prospective phase III RTOG1203 trial, closed to inclusions, which

may confirm ours.
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Table and figure legends

Table 1. Patient characteristics (clinical and pathological).

Table 2. Predictive factors of tumour relapse.

Table 3. Dosimetric results for the OARs bladder and rectum.

Supplementary Material. Table 1. Dose contraints for the organs at risk (OARs).
Supplementary Material. Table 2. Predictive factors of overall survival.

Figure 1. Location of tumour relapses .

Figure 2. Gastrointestinal grade 3 toxicity.

Figure 3. Subset analysis of disease free survival and overall survival for patients

according to age and histological grade.
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Table 1. Patient characteristics.

Characteristics 3DCRT IMRT )/
Group Group
N=47 (%) N=36 (%)
Age (year old)
<68 23 (49) 19 (53) 0.7
> 68 24 (51) 17 (47)
T stage
T1 28 (59.6) 23 (63.9) 0.7
>TI 19 (40.4) 13 (36.1)
N stage
NO 15 (32) 16 (44.4) 0.26
N1 20 (42.5) 12 (33.3)
FIGO stage
I-11 19 (40.4) 17 (47.2) 0.53
10 28 (59.6) 19 (52.8)
Histological type
Type 1: Endometrioid 33(70.2) 28 (77.7) 0.44
Type 2: Others 14 (29.8) 8(22.2)
Grade
1 7 (15) 9(25) 0.15
2 17 (36) 16 (44.4)
3 18 (38) 7(19.4)
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LVSI
Yes 22 (46.8) 13 (36.1) 0.93
No 23 (46.8) 13 (36.1)
Adjuvant chemotherapy
Yes 26 (55.3) 20 (55.6) 0.98
No 21 (44.7) 16 (44.4)
Surgical LN staging
PL or PAL or PL+PAL 36 (77) 28 (78) 0.90
No surgical staging 11(23) 8(22)
Brachytherapy LDR
Yes 13 (27.7) 11 (30.5) 0.96
No 34 (72.3) 25 (69.4)

25

Abbreviations: N, number of patients; LVSI: lymphovascular space invasion; 3DCRT: 3D

conformal radiation therapy; IMRT: Intensity-Modulated Radiation Therapy; LN: lymph

node; PL: pelvic lymphadenectomy; PAL: pelvic and para-aortic lymphadenectomy; LDR:

low dose rate.
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Table 2. Predictive factors of any tumour relapse.
Factor Relapse 5-year DFS (%) p univariate p multivariate HR (95%CI)
n= 83 n=28 (%) (95%CI) analysis analysis multivariate
analysis
Age (years)
<68 42 9(21.4) 83 (0.72-0.95) 0.0053 0.006 3.7(1.4-9.7)
> 68 41 19 (46.3) 49.3 (0.35-0.69)
T stage
T1 51 13 (25.5) 74 (0.62-0.88) 0.07 0.006 3.1(1.4-7.1)
>T1 32 15 (46.9) 55.7 (0.41-0.76)
N stage
NO 31 10 (32.2) 71 (0.56-0.88) 0.49 ¥ -
N1 32 9(28.1) 74 (0.6-0.91)
FIGO stage
-1 38 11 (28.9) 72 (0.58-0.88) 0.5 - -
I 45 17 (37.8) 63 (0.5-0.79)
Histology type
Type I 61 19 (31.1) 71 (0.6-0.84) 0.28 -- -
Type I 22 9(40.9) 54 (0.36-0.82)
Grade
1-2 49 11 (22.4) 79 (0.68-0.91) 0.0006 0.003 1.9 (1.2-3.0)
3 25 15 (60.0) 42 (0.27-0.68)
LVSI
Yes 35 12 (34.3) 67 (0.53-0.85) 0.59 - -
No 36 14 (38.9) 61 (0.47-0.8)
Lymphadenectomy
Yes 64 19 (29.7) 73 (0.63-0.85) 0.0052 0.67 -
No 19 9(47.4) 44 (0.25-0.79)
EBRT technique
3DCRT 47 20 (42.5) 60.3 (0.48-0.76) 0.13 0.38 -
IMRT 36 8(22.2) 76.2 (0.63-0.94)
*N status not included in multivariate analysis because it correlates with the
lymphadenectomy factor

Abbreviations: n, number of patients; HR : Hazard ratio; 95%CI: 95% confidence interval;

DFS : disease free survival; LVSI: lymphovascular space invasion; EBRT: external beam
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radiotherapy technique; 3DCRT: 3D conformal radiation therapy; IMRT: Intensity-Modulated

Radiation Therapy.
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Table 3. Dosimetric results for the OARs bladder and rectum.
3DCRT IMRT p
Bladder | D22 (mean [range]) 48 Gy (45-56 Gy) 46 Gy (44.1-52.4 Gy) 0.008
V40 (mean [range]) 79.6% (39-100%) 33.11% (13-52%) <0.001
Rectum | D2% (mean [range]) 46 Gy (45-49 Gy) 45.7 Gy (32-52.5 Gy) 0.03
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Supplementary Material. Table 1. Dose contraints for the organs at risk (OARs).

3DCRT IMRT
Bladder D2 45Gy 45Gy
V4o 40% 40%
Rectum D2 45Gy 45Gy
Bowel bag Vao reporting 10-15%
Anal Canal D2% 45Gy 45Gy
Iliac bone V3o - 35%
Femoral Head V3o 5-10% 5-10%

Abbreviations: Dy,: dose received by x% of the OAR volume; Vi : percentage of the OAR

volume receiving x Gy.
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Supplementary Material. Table 2. Predictive factors of overall survival.
Factor n=383 Deaths 5-year OS (%) P p multivariate HR (95%CI)
n =20 (%) (95%CI) univariate analysis multivariate
analysis analysis
Age (years)
<68 42 3(7.1) 95% (0.88-1) 0.00065 0.0011 9.7 (2.5-38.2)
> 68 41 17 (41.5) 55% (0.40-0.75)
T stage
Tl 51 9(17.6) 81.6% (0.71-0.94) 0.1 0.025 3 (1.15-8)
>Tl 32 11 (34.4) 66.8% (0.52-0.86)
N stage
NO 31 7 (22.6) 79% (0.65-0.95) 0.43 -- -
N1 32 5(15.6) 84% (0.7-0.98)
FIGO stage
I-11 38 7 (18.4) 80% (0.67-0.96) 0.35 -- -
I 45 13 (28.9) 72% (0.6-0.87)
Histology type
Type I 61 12 (19.7) | 82% (0.73-0.93) 0.087 0.27 -
Type II 22 8 (36.4 56% (0.37-0.86)
Grade
1-2 49 7(14.3) 87.3% (0.78-0.97) 0.0022 0.048 1.7 (1.0-2.9)
3 25 12 (48.0) 49% (0.32-0.76)
LVSI
Yes 35 9(25.7) 76.7% (0.63-0.94) 0.82 -- --
No 36 9(25.0) 72% (0.59-0.89)
Lymphadenectomy
Yes 64 12 (18.7) | 52% (0.3-0.88) 0.0095 0.94 -
No 19 8(42.1) 82% (0.72-0.92)
EBRT technique
3D 47 13 (27.6) 75% (0.63-0.88) 0.74 - -
IMRT 36 7(19.4) 78% (0.65-0.94)

Abbreviations: n, number of patients; HR: Hazard ratio; 95%CI: 95% confidence interval;

OS : overall survival; LVSI: lymphovascular space invasion, EBRT: external beam

radiotherapy technique; 3DCRT: 3D conformal radiation therapy; IMRT: Intensity-Modulated

Radiation Therapy.
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Supplementary Material. Table 1. Dose contraints for the organs at risk (OARs).

3DCRT IMRT
Bladder D2 45Gy 45Gy
V4o 40% 40%
Rectum D2 45Gy 45Gy
Bowel bag V4o reporting 10-15%
Anal Canal D2% 45Gy 45Gy
Iliac bone V3o - 35%
Femoral Head V3o 5-10% 5-10%

Abbreviations: Dx,: dose received by x% of the OAR volume; Vi : percentage of the OAR

volume receiving x Gy.
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Supplementary Material. Table 2. Predictive factors of overall survival.
Factor n=383 Deaths 5-year OS (%) P p multivariate HR (95%CI)
n =20 (%) (95%CI) univariate analysis multivariate
analysis analysis
Age (years)
<68 42 3(7.1) 95% (0.88-1) 0.00065 0.0011 9.7 (2.5-38.2)
> 68 41 17 (41.5) 55% (0.40-0.75)
T stage
Tl 51 9(17.6) 81.6% (0.71-0.94) 0.1 0.025 3 (1.15-8)
>Tl 32 11 (34.4) 66.8% (0.52-0.86)
N stage
NO 31 7 (22.6) 79% (0.65-0.95) 0.43 - --
N1 32 5(15.6) 84% (0.7-0.98)
FIGO stage
I-I1 38 7(18.4) 80% (0.67-0.96) 0.35 - --
I 45 13 (28.9) 72% (0.6-0.87)
Histology type
Type I 61 12 (19.7) 82% (0.73-0.93) 0.087 0.27 --
Type I 22 8(36.4 56% (0.37-0.86)
Grade
1-2 49 7(14.3) 87.3% (0.78-0.97) 0.0022 0.048 1.7 (1.0-2.9)
3 25 12 (48.0) 49% (0.32-0.76)
LVSI
Yes 35 9(25.7) 76.7% (0.63-0.94) 0.82 -- --
No 36 9(25.0) 72% (0.59-0.89)
Lymphadenectomy
Yes 64 12 (18.7) 52% (0.3-0.88) 0.0095 0.94 --
No 19 8(42.1) 82% (0.72-0.92)
EBRT technique
3D 47 13 (27.6) 75% (0.63-0.88) 0.74 - --
IMRT 36 7(19.4) 78% (0.65-0.94)

Abbreviations: n, number of patients; HR: Hazard ratio; 95%CI: 95% confidence interval;

OS: overall survival; LVSI: lymphovascular space invasion; EBRT: external beam

radiotherapy technique; 3DCRT: 3D conformal radiation therapy; IMRT: Intensity-Modulated

Radiation Therapy.
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