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Abstract 

Background: To analyze the prognostic factors associated with stage IB‑IVA cervical cancer in patients who under‑
went concurrent chemoradiation therapy (CCRT) and to compare the clinical toxicities and dosimetric parameters of 
organs at risk between the different radiotherapy techniques.

Methods: This retrospective study enrolled 93 patients with stage IB‑IVA cervical cancer who underwent definitive 
CCRT between April 2009 and December 2017. Nine patients (9.7%) received 3DCRT, 43 patients (46.2%) underwent 
VMAT, and 41 patients (44.1%) received tomotherapy, and all of them followed by brachytherapy using a 2D planning 
technique. The treatment outcomes and related prognostic factors were analyzed. We also compared the clinical 
toxicities and dosimetric parameters between the different techniques used for the last 30 patients.

Results: With a median follow‑up of 52.0 months, the 5‑year overall survival (OS), progression‑free survival (PFS), 
locoregional recurrence–free survival (LRRFS), and distant metastases–free survival (DMFS) were analyzed. In a Cox 
proportional hazards regression model, pretreatment SCC Ag > 10 ng/mL was a significant prognostic factor for 
PFS (hazard ratio [HR] 2.20; 95% confidence interval [CI] 1.03–4.70; P = 0.041), LRRFS (HR, 3.48; 95% CI 1.07–11.26; 
P = 0.038), and DMFS (HR 2.80; 95% CI 1.02–7.67; P = 0.045). Increasing the rectal volume receiving a radiation dose 
exceeding 30 Gy  (V30 of rectum; odds ratio [OR] 1.15; 95% CI 1.10–1.30; P = 0.03) was associated with a higher pos‑
sibility of ≥ Grade 2 acute radiation therapy (RT)‑related diarrhea. The median rectal  V30 values were 56.4%, 97.5%, and 
86.5% for tomotherapy, 3‑dimensional conformal radiation therapy (3DCRT), and volumetric modulated arc therapy 
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Background
Cervical cancer is the fourth most common cancer type 
among women [1]. Despite the development of prophy-
lactic vaccines, cervical cancer remains a major cause of 
mortality worldwide, particularly in low socioeconomic 
regions [2]. Concurrent chemoradiation therapy (CCRT) 
for non-surgical patients with cervical cancer plays an 
important role in radical therapy. External beam radia-
tion therapy (EBRT) administered using 3-dimensional 
conformal radiation therapy (3DCRT) is a commonly 
used cervical cancer treatment method. However, radia-
tion therapy (RT)-related acute and late toxicities are 
well-known issues, including the development of coli-
tis, diarrhea, cystitis, frequent urination, dysuria, and 
proctitis.

Increasingly, intensity-modulated radiotherapy 
(IMRT), volumetric modulated arc therapy (VMAT), 
and tomotherapy have become more commonly used 
RT methods over the past few decades. Comparisons 
of clinical results between 3DCRT, VMAT, and tomo-
therapy among patients with head and neck cancer have 
been well described [3, 4]. Considerable studies have also 
examined the dosimetric differences among 3DCRT, 
VMAT, and tomotherapy in patients with cervical cancer. 
Some single-center and multi-center series examining 
postoperative RT have described favorable toxicity pro-
files associated with the use of IMRT [5, 6]. However, dis-
parities in the clinical results among these techniques are 
rarely reported. Thus, we compared the clinical outcomes 
across various techniques applied to patients with non‐
distant metastatic cervical cancer who underwent defini-
tive CCRT and examined prognostic factors.

Methods
Patients
We enrolled patients diagnosed with cervical cancer, 
classified as stages IB to IVA according to the Interna-
tional Federation of Gynecology and Obstetrics (FIGO) 
staging system, between April 2009 and December 2017. 
None of the enrolled patients had distant metastases at 
treatment onset, and all patients received radical CCRT. 
The exclusion criteria for this study included any history 

of prior malignancy before treatment, any history of prior 
radiotherapy, and Eastern Cooperative Oncology Group 
(ECOG) performance status > 2.

All patients underwent pretreatment workup and can-
cer staging using modern approaches, including a physi-
cal examination by a gynecologic oncologist, a tumor 
biopsy, a history review, chest X-ray, abdominal and 
pelvic computed tomography (CT,) or pelvic magnetic 
resonance imaging (MRI). Cystoscopy or sigmoidoscopy 
was performed by a specialist to exclude adjacent organ 
invasion for patients with locally advanced disease. In 
addition, routine laboratory biomarker studies, includ-
ing squamous cell carcinoma antigen (SCC Ag), carci-
noembryonic antigen (CEA), and cancer antigen 125 
(CA125), were measured among the cohort. The median 
follow-up was 52  months (range 6–137  months). The 
cancer stage was classified according to the seventh edi-
tion of the American Joint Committee on Cancer (AJCC) 
TNM classification and the 2008 International FIGO 
staging system for cervical cancer. The retrospective 
study (KMUHIRB-E(I)-20190054) was approved by the 
Institutional Review Board (IRB) of Kaohsiung Medical 
University Hospital, and the need for informed consent 
was waived by the IRB due to the nature of this study as a 
chart review.

Radiotherapy
All patients received a consultation with a radiation 
oncologist and underwent an evaluation of clinical sta-
tus to ensure the necessity and safety of radiotherapy. 
Following bladder preparation, patients were placed in a 
supine position with cast or cushion immobilization and 
underwent CT simulation, using a 3–5  mm slice thick-
ness, from the upper edge of the lumbar spine to 5  cm 
below the lower border of the obturator foramen. For 
3DCRT, a four-field box technique was planned using 
corner shielding in anteroposterior/posteroanterior (AP/
PA) portals. The radiation portal fields were designed 
as follows: (1) superior border: L4–5 interspace, which 
covers the common iliac lymph nodes; (2) inferior bor-
der: 3  cm below the most inferior vaginal involvement, 
which is often below the inferior obturator foramen and 

(VMAT), respectively (P < 0.001). In addition, the chance of experiencing ≥ Grade 2 acute diarrhea were 10.0%, 66.7%, 
and 54.5% for tomotherapy, 3DCRT, and VMAT, respectively (P = 0.029).

Conclusions: Patients with pretreatment SCC Ag ≤ 10 ng/mL have better PFS, LRRFS, and DMFS than those with 
pretreatment SCC Ag > 10 ng/mL. The rectal  V30 is a significant predictor of severe acute diarrhea. Tomotherapy signifi‑
cantly decreased the rectal  V30, reducing the severity of acute RT‑related diarrhea during external beam RT.

Trial registration This study was approved by the institutional review board at Kaohsiung Medical University Hospital. 
The registration number is KMUHIRB‑E(I)‑20190054 and retrospectively registered on 2019/3.

Keywords: Cervical cancer, SCC Ag, Volumetric modulated arc therapy, Tomotherapy, Diarrhea, Rectum
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can be as low as the introitus in cases of vaginal tumor 
extension; and (3) lateral border: 1.5–2 cm outside of the 
pelvic rim. For the lateral fields, the superior and infe-
rior borders were consistent with the design of the AP/
PA portals. The anterior border covered the front of the 
pubic symphysis, and the posterior edge included the 
entire sacrum. Pelvic radiotherapy was delivered at 1.8–
2.0 Gy per fraction, 1–5 days each week, for a total of 25 
fractions comprising 45–50 Gy, followed by the delivery 
of 5.4–9 Gy in 3–5 fractions delivered by AP/PA portals 
using a midline block. The superior border of the midline 

block was the midsacroiliac joint, and the width was 
4 cm. If a parametrial tumor persists after 50–54 Gy, the 
side wall or parametrium may receive up to 60  Gy. For 
VMAT or tomotherapy, the clinical target volume (CTV) 
was defined as the gross tumor plus microscopic disease, 
including the cervix, uterus, upper third of the vagina (or 
upper half of the vagina, if a gross tumor is involved), the 
parametrium, and the pelvic nodal drainage. The patients 
were treated with simultaneous integrated boost doses 
of 48.6–50.4 Gy, delivered in 1.8 to 2-Gy fractions, to the 
primary tumor, 54–60  Gy delivered to the pelvic nodal 

Table 1 Patient and tumor characteristics for all 93 patients

3DCRT  three-dimensional conformal radiation therapy, VMAT volumetric modulated arc therapy, OTT overall treatment time, RT radiation therapy, FIGO the 
international federation of gynaecology and obstetrics, EBRT external beam radiation therapy, EQD2 equivalent dose in 2-Gy fractions, SCC Ag squamous cell 
carcinoma antigen

Characteristics 3DCRT (n = 9) VMAT (n = 43) Tomotherapy (n = 41) P value

Age in years, median (range) 48 (34–66) 62 (38–84) 63 (34–89) 0.01

Age (years)

 < 60 8 20 17 0.034

 ≥ 60 1 23 24

OTT of RT (days)

 ≤ 61 6 21 13 0.091

 > 61 3 22 28

FIGO stage

 I 1 10 3 0.081

 II 4 25 22

 III 1 4 11

 IV 3 4 5

T classification

 T1/T2 6 35 25 0.114

 T3/T4 3 8 16

Nodal classification

 N0 2 32 25 0.011

 N1 7 11 16

Histological type

 Squamous cell carcinoma 8 40 39 0.607

 Adenocarcinoma 1 3 1

 Others 0 0 1

Mean EBRT dose (Gy) 55.1 54.1 54.2 0.516

Mean EQD2 of brachytherapy (Gy) 28.1 29.9 29.8 0.696

EQD2 of Point A (Gy)

 < 81 8 27 32 0.147

 ≥ 81 1 16 9

Pretreatment SCC Ag (ng/mL)

 ≤ 10 4 23 24 0.722

 > 10 5 20 17

Post‑treatment SCC Ag (ng/mL)

 ≤ 1.5 8 38 32 0.399

 > 1.5 1 5 9

Median follow‑up (months) 43 54 52 0.123
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drainage, including parametrial, obturator, internal iliac, 
external iliac, common iliac and gross lymph nodes, and 
45–48  Gy, delivered in 1.6 to 1.8-Gy fractions, to elec-
tive nodal regions, such as presacral and paraaortic area. 
The planning target volume (PTV) was defined as the 
8–10  mm margin around the CTV and could be modi-
fied according to the clinical condition. Target planning 
constraints were standardized as follows: (1) the PTV in 
all directions to receive > 95% of the prescribed dose; (2) 
volumes receiving more than 110% of the dose prescribed 
to the PTV were minimized. The typical organs at risk 
(OARs) included the rectum, bladder, intestine, large 
bowel, peritoneum, bilateral femoral heads, and the pel-
vic bone marrow [7]. The external contours of all bones 
within the pelvis were delineated on the planning CT 
images, as surrogates for the bone marrow, to enhance 
the reproducibility and consistency of the contours. 
The intestine and large bowel contours consisted of the 
bowel loops from 3 cm superior to the upper border of 
the PTV to its lowest extent in the pelvis. The dosimetric 
parameters for OARs were recorded as Vx, which repre-
sented the percentage of the organ volume that received 
X Gy or higher. For the individual patients, the selection 
of respective EBRT technique was decided by radiation 
oncologist on the basis of clinical scenario.

Brachytherapy and concurrent chemotherapy
After EBRT, all patients underwent afterloading brachy-
therapy, which consisted of high-dose-rate 192Ir intracavi-
tary brachytherapy intended to deliver a dose of 4–5 Gy/
time to Point A twice per week, with 5 to 6 total treat-
ments. During RT, chemotherapy was concurrently pre-
scribed, consisting of weekly cisplatin for 6  weeks. The 
regimen was shifted to carboplatin for those patients 
with impaired renal function and paclitaxel-based treat-
ment for prescribed for patients with locally advanced 
disease.

Follow‑up and evaluation
In general, the patients returned for a first follow-up 
visit one month after the completion of treatment, fol-
lowed by every 2–3  months during the first year and 
every 3–6  months thereafter. Physical examination 
including pelvic examination was performed at every 
follow-up visit. Patients should have follow-up imaging, 
either abdominal and pelvic CT or pelvic MRI, at least 
every 3–6  months after the completion of treatment. 
Chest X-ray is acquired annually at least after treatment. 
A serum test for tumor markers was performed every 
3–6 months after the completion of CCRT. The gyneco-
logic oncologists and radiation oncologists recorded 
treatment-related toxicity events according to the Com-
mon Terminology Criteria of Adverse Events (CTCAE), 

VERSION 4.03 [28]. Using these criteria, acute compli-
cations were defined as those with onset during RT and 
were assessed once per week during EBRT. Chronic com-
plications were scored retrospectively based on chart 
records. The overall treatment time (OTT) of RT was 
defined as the time interval between the first and last 
date of RT. The primary endpoints were locoregional 
recurrence–free survival (LRRFS), progression-free sur-
vival (PFS), distant metastasis–free survival (DMFS), and 
overall survival (OS). The length of follow-up was defined 
as the time from CCRT to the date of death or the last 
follow-up. Locoregional failure was defined as any recur-
rent or persistent disease involving the pelvis. Any dis-
ease failure outside of the pelvis was defined as a distant 
failure. Pathological reports, including those associated 
with surgical intervention, biopsy, and cytology, in addi-
tion to radiology reports from radiology examinations, 
including chest radiography, CT, MRI, technetium-99 
bone scintigraphy, or positron emission tomography 
(PET), were reviewed to determine disease status.

Statistical analysis
Data were analyzed using SPSS 22.0 software (IBM Corp., 
Armonk, NY, USA). Dose-volume histograms (DVHs) of 
the PTVs and the OARs were analyzed accordingly. For 
PTV, the goal is to encompass the PTV in all directions 
with the 95% isodose line. To reduce toxicity and opti-
mize OAR doses, DVH constraint was applied to limit 
maximum dose and dose-volume parameters. OS was 
defined as the time from primary treatment to the date 
of death from any cause or the date of the last follow-up. 
PFS was defined as the time from primary treatment to 
the date of disease failure at any site or to the date of the 
last follow-up. LRRFS was defined as the time from pri-
mary treatment to the date of locoregional failure or to 
the date of the last follow-up. DMFS was defined as the 
time from primary treatment to the date of distal failure 
or to the date of the last follow-up. LRRFS, PFS, DMFS, 
OS, and the treatment-related toxicity were analyzed 
using the Kaplan–Meier method, and the log-rank test 
was used to calculate differences between groups. Signifi-
cance was defined as P < 0.05.

Results
Patients
A total of 93 patients diagnosed with stage IB-IVA cer-
vical cancer were enrolled in this retrospective study. 
The median age of the retrospective cohort was 61 years 
(range 34–93  years). Table  1 summarizes the patients’ 
clinical baseline characteristics, grouped according to 
the three radiotherapy techniques. Nine patients (9.7%) 
received 3DCRT, 43 patients (46.2%) underwent VMAT, 
and 41 patients (44.1%) received tomotherapy. The 
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Fig. 1 The Kaplan–Meier survival curve of overall survival. Overall survival correlated with a overall treatment time of radiation therapy b T 
classification c N classification d pretreatment serum squamous cell carcinoma antigen (SCC Ag), and e post‑treatment serum SCC Ag
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median EBRT dose was 54  Gy (range 45–64  Gy), and 
the median equivalent dose in 2-Gy fractions (EQD2) of 
Point A was 79.8 Gy (range 49.1–93.1 Gy). No significant 
differences were observed for OTT of RT, clinical T clas-
sification, histological type, mean EBRT dose, EQD2 of 
Point A, pre- and post-treatment SCC Ag, or follow-up 
duration between the three techniques. One patient in 
the 3DCRT group and one patient in the VMAT group 
were lost to follow-up.

Clinical outcomes and failure patterns
With a median follow-up of 52  months (range 
6–137 months), the 5-year OS, PFS, LRRFS, and DMFS 
were 75.2%, 65.8%, 82.2%, and 74.7% (P = 0.07, 0.06, 
0.36, and 0.23), respectively. No significant differences 
in survival outcomes were observed between the three 
groups. The overall locoregional recurrence rate was 
16.1% (15/93), and the majority recurrence pattern was 
local recurrence (11 patients with local recurrence and 4 
patients with regional nodal failure). The distant failure 
rate was 23.7% (22/93), and the major recurrence sites 
included the non-regional lymph nodes (7/22), the lung 
(5/22), and the liver (5/22), with other sites observed less 
frequently.

We further investigated clinical outcomes based on dif-
ferent patient and tumor characteristics, including age 
(≥ 60 vs. < 60 years), OTT of RT (> 61 days vs. ≤ 61 days), 
T classification (T1/T2 vs. T3/T4), N classification 
(nodal negative vs. nodal positive), pretreatment SCC 
Ag (≤ 10 vs. > 10 ng/mL), post-treatment SCC Ag (≤ 1.5 
vs. > 1.5 ng/mL), the EQD2 of Point A (≥ 81 vs. < 81 Gy), 
and the RT technique (3DCRT vs. VMAT vs. Tomother-
apy). In the OS analysis, using the Kaplan–Meier method 
(Fig. 1), the OTT of RT, T classification, N classification, 

pretreatment SCC Ag, and post-treatment SCC Ag were 
significant factors (P = 0.01, 0.001, 0.006, 0.034, and 
0.018, respectively). Table 2 presents a multivariate analy-
sis of these characteristics. Only an OTT of RT > 61 days 
and T3/T4 disease were significant factors associ-
ated with OS in the Cox proportional hazards regres-
sion analysis (hazard ratio [HR] 2.99, 95% confidence 
interval [CI] 1.03–8.70, P = 0.045; and HR 2.97, 95% CI 
1.24–7.11, P = 0.015, respectively). A post-treatment SCC 
Ag > 1.5 ng/mL was associated with a lower OS, but did 
not achieve significance (P = 0.069).

In the PFS analysis using the Kaplan–Meier method 
(Fig.  2), T classification, N classification, and pretreat-
ment SCC Ag were significant factors (P ≤ 0.001, 0.004, 
and 0.005, respectively). The OTT of RT showed an 
effect on PFS by the log-rank test, but did not achieve 
significance (P = 0.071). Table  3 presents the multivari-
ate analysis of these characteristics. T3/T4 disease, nodal 
positive, and pretreatment SCC Ag > 10 ng/mL remained 
significant factors affecting PFS in the Cox proportional 
hazards regression analysis (HR 2.72, 95% CI 1.30–5.71, 
P = 0.008; HR 2.55, 95% CI 1.15–5.63, P = 0.021; and HR 
2.20, 95% CI 1.03–4.71, P = 0.041, respectively).

In the LRRFS analysis using the Kaplan–Meier method 
(Fig.  3), only T classification and pretreatment SCC Ag 
were significant factors (P = 0.032 and 0.038, respec-
tively). Table 4 presents the multivariate analysis of these 
characteristics. Only pretreatment SCC Ag > 10  ng/
mL remained significant in the Cox proportional haz-
ards regression analysis (HR 3.48, 95% CI 1.07–11.26, 
P = 0.038). The T3/T4 classification showed an effect on 
LRRFS but failed to reach significance (P = 0.082).

In the DMFS analysis using the Kaplan–Meier method 
(Fig.  4), T classification, N classification, and pretreat-
ment SCC Ag were significant factors (P = 0.001, < 0.001, 
and 0.001, respectively). The OTT of RT showed an effect 
on DMFS by the log-rank test but failed to reach signifi-
cance (P = 0.071). Table 5 presents the multivariate analy-
sis of these characteristics. All three factors remained 
significant in the Cox proportional hazards regression 
analysis (HR 2.88, 95% CI 1.01–8.22, P = 0.048; HR 6.17, 
95% CI 2.01–18.89, P = 0.001; and HR 2.80, 95% CI 1.02–
7.67, P = 0.045, respectively). OTT of RT > 61 days failed 
to demonstrate significance following after covariate 
adjustment (P = 0.161).

In the T1/T2N0 subgroup analysis using the Kaplan–
Meier method (Fig. 5), pretreatment SCC Ag > 10 ng/mL 
trended toward worse DMFS but not OS, PFS, or LRRFS. 
The 5-year DMFS was 93.8% for the group with pretreat-
ment SCC Ag ≤ 10 ng/mL, compared with 79.4% for the 
group with pretreatment SCC Ag > 10 ng/mL (P = 0.057). 
Furthermore, in the Cox proportional hazards regres-
sion analysis (Table  6), pretreatment SCC Ag > 10  ng/

Table 2 Cox proportional hazards regression analysis for overall 
survival

HR hazard ratio, CI confidence interval, OTT overall treatment time, RT radiation 
therapy, SCC Ag squamous cell carcinoma antigen, EQD2 equivalent dose in 2-Gy 
fractions, VMAT volumetric modulated arc therapy
a Reference category: 3DCRT, three-dimensional conformal radiation therapy

Variable HR 95% CI P value

Age ≥ 60 years 1.91 0.78–4.67 0.156

OTT of RT > 61 days 2.99 1.03–8.70 0.045

T3 or T4 disease 2.97 1.24–7.11 0.015

N1 or N2 disease 2.11 0.87–5.13 0.098

Pretreatment SCC Ag > 10 ng/mL 1.72 0.71–4.17 0.232

Post‑treatment SCC Ag > 1.5 ng/mL 2.42 0.93–6.26 0.069

EQD2 of Point A ≥ 81 Gy 0.82 0.34–1.99 0.666

RT  techniquea 0.621

 VMAT 0.44 0.08–2.39 0.341

 Tomotherapy 0.59 0.12–2.90 0.518
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(a) (b)

(c) (d)

(e)

Fig. 2 The Kaplan–Meier survival curve of progression‑free survival. Progression‑free survival correlated with a overall treatment time of radiation 
therapy b T classification c N classification d pretreatment serum squamous cell carcinoma antigen (SCC Ag), and e post‑treatment serum SCC Ag



Page 8 of 17Cheng et al. Radiation Oncology           (2022) 17:91 

mL suggested an increased risk of distant metastasis and 
nearly reached a significant effect on DMFS (HR 12.4, 
95% CI 0.85–181.4, P = 0.066). However, all other factors, 
such as age, OTT of RT, post-treatment SCC Ag, EQD2 
of Point A, and RT technique, failed to show significant 
effects after covariate adjustment (P = 0.161, 0.767, 0.863, 
0.921, and 0.991, respectively).

Dosimetric parameters for organs at risk and toxicity
The dosimetric parameters and RT-related toxicity are 
summarized in Table 7. The relationships between toxic-
ity and OAR doses were analyzed by logistic regression. 
Due to clinical limitations, only the last 30 patients were 
able to be analyzed.

The dose delivered to the colon did not affect the like-
lihood of experience Grade 2 or worse acute diarrhea. 
The colon  V35,  V25, and  V15 values were analyzed, and 
no correlation was observed between these dosimet-
ric parameters and the occurrence of Grade 2 or worse 
acute diarrhea. We also analyzed the dosimetric param-
eters for the peritoneum and noted a trend toward the 
increased occurrence of Grade 2 or worse acute diarrhea 
with an increasing peritoneum  V40 value (odds ratio [OR] 
1.62, 95% CI 0.97–2.71, P = 0.068) but not for the peri-
toneum  V50.4,  V30, or  V25 values. The dosimetric param-
eters for the rectum showed a significant increase in the 
occurrence of Grade 2 or worse acute diarrhea with an 
increasing rectum  V30 value (OR 1.15, 95% CI 1.10–1.30, 
P = 0.030) but not for the rectum  V50.4 and  V40 values.

The doses delivered to the colon and peritoneum did 
not affect the likelihood of Grade 2 or worse colitis. The 
colon  V35,  V25, and  V15 and the peritoneum  V50.4,  V40, 
 V30, and  V25 values were analyzed, and no correlations 
were observed between these dosimetric parameters and 

the occurrence of Grade 2 or worse colitis. However, we 
found a trend toward the increased likelihood of Grade 2 
or worse colitis correlated with an increasing rectum  V30 
value (OR 1.14, 95% CI 0.99–1.33, P = 0.073), although 
this did not achieve significance. Except for the rectum 
 V30 value, the occurrence of Grade 2 or worse colitis was 
not correlated with any other dosimetric parameters for 
the rectum.

Dosimetric parameters of organs at risk and RT technique
To compare differences in the radiation exposure for 
OARs between the 3 treatment plans, the last 30 patients 
were analyzed, including 9 patients (30%) in the 3DCRT 
group, 11 patients (36.7%) in the VMAT group, and 10 
patients (33.3%) in the tomotherapy group. Since we were 
also interested in OARs and toxicity difference between 
the 3 treatment plans, our group initiated the compari-
son of dosimetric outcomes and clinical toxicities in the 
mid-term of study and led to only the last 30 patients 
were included. Furthermore, the improved conformality 
achievable with IMRT can potentially mitigate adverse 
effects and contribute to the low utilization of 3DCRT. 
Table  8 presents the dosimetric comparisons for OARs 
across the 3 treatment plans. Three dosimetric param-
eters were analyzed for the colon, including the  V35, 
 V25, and  V15 values. 3DCRT was associated with higher 
colon  V35 and  V25 values than VMAT and tomotherapy 
(P = 0.002 and 0.020, respectively). However, the colon 
 V15 values were similar across the three groups. In addi-
tion, no dosimetric differences for the colon were found 
between VMAT and tomotherapy groups. Four dosimet-
ric parameters were analyzed for the peritoneum, includ-
ing the  V50.4,  V40,  V30, and  V25 values. We also found that 
the 3DCRT group had higher peritoneum  V50.4,  V40, and 
 V30 values than the VMAT and tomotherapy groups 
(P = 0.001, 0.002, and 0.013, respectively). In the analy-
sis of peritoneum  V25 values, the 3DCRT values were 
higher than those for the other two techniques, but this 
difference did not achieve significance (P = 0. 147). No 
significant differences in the dosimetric parameters for 
the peritoneum were observed between the VMAT and 
tomotherapy groups. Three dosimetric parameters were 
analyzed for the rectum, including the  V50.4,  V40, and  V30 
values. All three of these parameters were much higher 
for the 3DCRT group than for the VMAT and tomother-
apy groups (P = 0. 003, < 0.001, and < 0.001, respectively). 
More importantly, the median rectum  V30 values were 
56.4% and 86.5% in the tomotherapy and VMAT groups, 
respectively. Tomotherapy further reduced the  V30 
value for the rectum compared with VMAT (P < 0.005). 
Figure  6 presents the isodose distributions in a repre-
sentative T2N0 patient treated with VMAT and a T3N0 

Table 3 Cox proportional hazards regression analysis for 
progression‑free survival

HR hazard ratio, CI confidence interval, OTT overall treatment time, RT radiation 
therapy, SCC Ag squamous cell carcinoma antigen, EQD2 equivalent dose in 2-Gy 
fractions, VMAT volumetric modulated arc therapy
a Reference category: 3DCRT, three-dimensional conformal radiation therapy

Variable HR 95% CI P value

Age ≥ 60 years 1.90 0.84–4.28 0.122

OTT of RT > 61 days 1.61 0.69–3.78 0.273

T3 or T4 disease 2.72 1.30–5.71 0.008

N1 or N2 disease 2.55 1.15–5.63 0.021

Pretreatment SCC Ag > 10 ng/mL 2.20 1.03–4.71 0.041

Post‑treatment SCC Ag > 1.5 ng/mL 2.01 0.82–4.96 0.129

EQD2 of Point A ≥ 81 Gy 1.39 0.65–2.97 0.403

RT  techniquea 0.423

 VMAT 0.53 0.13–2.08 0.359

 Tomotherapy 0.91 0.25–3.33 0.889
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Fig. 3 The Kaplan–Meier survival curve of locoregional recurrence‑free survival. Locoregional recurrence‑free survival correlated with a overall 
treatment time of radiation therapy b T classification c N classification d pretreatment serum squamous cell carcinoma antigen (SCC Ag), e and 
post‑treatment serum SCC Ag
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patient treated with tomotherapy, showing that the spi-
ral delivery pattern associated with tomotherapy reduced 
the unnecessary dosing of the rectum. Three dosimetric 
parameters were analyzed for the bladder, including the 
 V50.4,  V40, and  V30 values. The median  V50.4,  V40, and  V30 
values for the bladder in the 3DCRT group were 40.7%, 
100%, and 100%, respectively. By contrast, the VMAT 
values were 2.0%, 28.0%, and 59.5%, respectively, and the 
tomotherapy values were 5.7%, 28.6%, and 50.5%. For 
all three parameters, the values for the 3DCRT group 
were much higher than for the VMAT and tomotherapy 
groups (P = 0. 001, < 0.001, and < 0.001, respectively). 
Similar to the finding for the colon and peritoneum, no 
significant differences were observed among the dosi-
metric parameters of the bladder between the VMAT 
and tomotherapy groups. Finally, five dosimetric param-
eters were analyzed for the bone marrow, including the 
 V50,  V40,  V30,  V20, and  V10 values. Compared with VMAT 
and tomotherapy, we found that 3DCRT results in higher 
marrow  V50,  V40,  V30, and  V20 values (P < 0.001, < 0.001, 
< 0.001, and = 0.002, respectively) but not marrow  V10 
values. Similarly, no significant differences in dosimetric 
parameters for the bone marrow were observed between 
VMAT and tomotherapy.

RT‑related toxicity and RT techniques
Table 9 presents the percentages of gastrointestinal (GI) 
and genitourinary complications associated with 3DCRT, 
VMAT, and tomotherapy. Acute Grade 2 or worse diar-
rhea for 3DCRT, VMAT, and tomotherapy occurred in 
66.7% (6/9), 54.5% (6/11), and 10.0% (1/10) of patients, 
respectively. Tomotherapy substantially and significantly 
reduced the severity of acute diarrhea (P = 0.029). None 
of the patients suffered from Grade 4 diarrhea. Grade 2 

or worse chronic colitis occurred in 22.2% (2/9) of the 
3DCRT group, 18.2% (2/11) of the VMAT group, and 
20.0% (2/10) of the tomotherapy group, with no sig-
nificant differences noted between the three groups. For 
Grade 2 or worse acute cystitis, the incidences for the 
3DCRT, VMAT, and tomotherapy groups were 33.3% 
(3/9), 63.6% (7/11), and 30.0% (3/10), with no significant 
difference noted between groups.

Discussion
Our study focused on the prognostic factors among 
non‐distant metastatic cervical cancer patients treated 
with definitive CCRT and compared RT-related toxicity 
among three different RT modalities.

Several studies examining the prognostic factors asso-
ciated with cervical cancer have been published world-
wide. The major identified prognostic factors include 
tumor size; pattern of invasion; tumor grade; pelvic 
nodal metastasis; age; race; socioeconomic status; sever-
ity of anemia; OTT; and the levels of biomarkers, such as 
hypoxia-inducible factor 1α (HIF-1α), vascular endothe-
lial growth factor (VEGF), SCC Ag, and CEA. Huang 
et  al. suggested that pretreatment SCC Ag > 40  ng/mL 
was an independent factor associated with para-aortic 
lymph node relapse, and pretreatment CEA levels have 
been identified as a risk factor for para-aortic lymph 
node recurrence, in addition to SCC Ag. Hong et  al. 
also reviewed 401 patients with cervical cancer primar-
ily treated with RT and concluded that pretreatment 
SCC Ag > 10  ng/mL was an independent predictor of 
poor disease-specific survival (DFS) [8–17]. Our study 
showed that patients with pretreatment SCC Ag > 10 ng/
mL had worse PFS (HR 2.2, P = 0.041), LRRFS (HR 3.48, 
P = 0.038), and DMFS (HR 2.8, P = 0.045). In addition, 
the subgroup analysis in our study showed that pretreat-
ment SCC Ag > 10  ng/mL was an effective predictor for 
DMFS in T1N0/T2N0 patients (HR 12.4, P = 0.066). 
These results suggest that even among patients with 
early-stage cervical cancer primarily treated with defini-
tive CCRT, pretreatment SCC Ag might serve as a pre-
dictor for distant metastasis, which can aid clinicians in 
designing an effective treatment plan.

Radiotherapy combined with concurrent chemother-
apy provides excellent curative effectiveness for patients 
with cervical cancer; however, RT-related toxicities are 
well known and can affect quality of life. RT-associ-
ated toxicity can occur at any time during treatment or 
even several months to years later. Acute complications 
can include diarrhea, desquamation, cystitis, nausea, 
and vaginitis, which may lead to the interruption of RT 
[18]. Late complications of radiotherapy may arise sev-
eral months to years after pelvic irradiation, which can 
include radiation colitis, intestinal perforation, bowel 

Table 4 Cox proportional hazards regression analysis for 
locoregional recurrence–free survival

HR hazard ratio, CI confidence interval, OTT overall treatment time, RT radiation 
therapy, SCC Ag squamous cell carcinoma antigen, EQD2 equivalent dose in 2-Gy 
fractions, VMAT volumetric modulated arc therapy
a Reference category: 3DCRT, three-dimensional conformal radiation therapy

Variable HR 95% CI P value

Age ≥ 60 years 1.18 0.39–3.59 0.775

OTT of RT > 61 days 1.32 0.41–4.29 0.641

T3 or T4 disease 2.64 0.88–7.86 0.082

N1 or N2 disease 0.78 0.24–2.58 0.688

Pretreatment SCC Ag > 10 ng/mL 3.48 1.07–11.26 0.038

Post‑treatment SCC Ag > 1.5 ng/mL 0.71 0.15–3.35 0.667

EQD2 of Point A ≥ 81 Gy 1.16 0.35–3.82 0.804

RT  techniquea 0.389

 VMAT 0.87 0.09–8.26 0.905

 Tomotherapy 2.10 0.24–18.58 0.504



Page 11 of 17Cheng et al. Radiation Oncology           (2022) 17:91  

Fig. 4 The Kaplan–Meier survival curve of distant metastases‑free survival. Distant metastases‑free survival correlated with a overall treatment time 
of radiation therapy b T classification c N classification d pretreatment serum squamous cell carcinoma antigen (SCC Ag), and e post‑treatment 
serum SCC Ag
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obstruction, and vaginal stenosis, with profound effects 
on quality of life [19]. To reduce RT-associated side 
effects, fixed-field IMRT, VMAT, and tomotherapy have 
widely been used for pelvic irradiation, enhancing tar-
get dose conformity while reducing high-dose delivery 
to target-surrounding OARs [20]. However, few com-
parisons of dosimetric parameters and clinical outcomes 
have been reported among these various RT modalities. 
Lin et al. demonstrated a meta-analysis that combines six 
studies regarding a total of 1008 patients with cervical 
cancer to compare the efficacies and toxicities of IMRT 
with 3DCRT or conventional two-dimensional radio-
therapy. And concluded that IMRT significantly reduced 
acute gastrointestinal and genitourinary toxicities as well 
as chronic genitourinary toxicity [29]. Guo et  al. [21] 
reported that VMAT plans provided better protection of 
the rectum and bladder compared with fixed-field IMRT, 
but no significant differences were observed in the sever-
ity of complications. Our dosimetric data for the rectum 
in the VMAT group were similar to those reported by 
Guo et al. The rectum  V40 and  V30 values in their study 
were 47.39% and 82.12%, respectively, whereas, in our 
study, these values were 37.0% and 86.5%. However, the 
bladder  V30 and  V40 values in our study were lower than 
those reported by Guo et  al., which may be due to dif-
ferences in bladder preparation and target delineation. 
Hsieh et  al. examined RT delivered by tomotherapy to 
the whole-pelvic area in 28 fractions totaling 50.4  Gy, 
followed by intracavitary brachytherapy, to treat locally 
advanced cervical cancer and reported decreased mean 
doses delivered to the rectum, bladder, and intestines 
compared with a conventional 4-field box plan [22]. 
Although the benefits of VMAT and tomotherapy for the 
treatment of patients with non-operative cervical cancer 

patients are generally accepted, little research has focused 
on dosimetric comparisons for OARs between these two 
plans. Our results suggested that even compared with 
VMAT, tomotherapy resulted in a significant reduction 
in the rectum  V30 value, and was further reduced com-
pared with 3DCRT. In addition to dosimetric parameters 
for the rectum, we also analyzed the bladder  (V50.4,  V40, 
 V30), peritoneum  (V50.4,  V40,  V30,  V25), colon  (V35,  V25, 
 V15), and bone marrow  (V50,  V40,  V30,  V20,  V10); in addi-
tion to a reduction in the rectum  V30 value, tomotherapy 
resulted in a reduced mean bladder  V30 value, which may 
indicate a lower dose delivered to the bladder. Ultimately, 
these results indicated that the implementation of VMAT 
or tomotherapy reduced the delivery of high-dose radia-
tion to normal tissues outside of the target volume, which 
was more apparent at higher radiation doses, which likely 
benefits adjacent OARs.

To date, few studies have examined the effects of small 
intestine volume in gynecological IMRT patients, and 
only one study has reported the rectal dosimetry asso-
ciated with acute GI toxicity. Although the contribution 
of rectal dose parameters to acute radiation-induced 
GI toxicity remains a concern in patients treated for 
gynecological malignancies, most studies have primar-
ily focused on the postoperative population. Therefore, 
the current study aimed to analyze the acute toxicities 
and rectal doses received by patients with cervical can-
cer treated with definitive CCRT. Roeske et al. analyzed 
50 patients with gynecological malignancies who were 
treated with pelvic IMRT, approximately two-thirds of 
whom had received hysterectomies, and concluded that 
rectal dosimetry (range 35–49  Gy) was not a signifi-
cant factor in acute GI toxicity. In that study, only half 
of patients (26/50) received concomitant chemother-
apy, which might contribute to reduced radiosensitivity 
[23]. Deville et  al. studied 67 patients undergoing post-
prostatectomy IMRT and noted that the minimum dose 
 (Dmin) delivered to the rectum was marginally associated 
with acute Grade ≥ 2 GI toxicity (P = 0.05) [24]. Huang 
et al. examined the association between rectal dose and 
acute diarrhea in patients with gynecologic malignan-
cies undergoing postoperative pelvic IMRT and showed 
that a mean rectal dose ≥ 32.75 Gy is an independent fac-
tor for the occurrence of Grade 2 or worse diarrhea [25]. 
The present study included patients with cervical cancer 
undergoing definitive CCRT using various RT treatment 
plans to study the dosimetric factors associated with 
acute radiation-induced GI toxicity and compared OAR 
dosimetry values between the 3 RT plans. Based on our 
study, the rectum  V30 value is a meaningful predictor 
for the occurrence of acute diarrhea and chronic colitis, 
especially for acute Grade 2 or worse diarrhea.

Table 5 Cox proportional hazards regression analysis for distant 
metastases–free survival

HR hazard ratio, CI confidence interval, OTT overall treatment time, RT radiation 
therapy, SCC Ag squamous cell carcinoma antigen, EQD2 equivalent dose in 2-Gy 
fractions, VMAT volumetric modulated arc therapy
a Reference category: 3DCRT, three-dimensional conformal radiation therapy

Variable HR 95% CI P value

Age ≥ 60 years 1.32 0.47–3.65 0.599

OTT of RT > 61 days 2.27 0.72–7.14 0.161

T3 or T4 disease 2.88 1.01–8.22 0.048

N1 or N2 disease 6.17 2.01–18.89 0.001

Pretreatment SCC Ag > 10 ng/mL 2.80 1.02–7.67 0.045

Post‑treatment SCC Ag > 1.5 ng/mL 0.94 0.27–3.34 0.926

EQD2 of Point A ≥ 81 Gy 1.32 0.47–3.68 0.601

RT  techniquea 0.662

 VMAT 0.67 0.15–2.96 0.596

 Tomotherapy 0.51 0.12–2.19 0.368
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The importance of the small bowel in acute GI toxicity 
is difficult to disregard, and a higher incidence of acute 
Grade 2 or worse diarrhea is generally considered to be 
caused by the increased irradiation of the small bowel 
among patients who receive whole-pelvic RT. However, 
studies examining the correlation between the volume 
of irradiation received by the small bowel and the inci-
dence of acute RT-related diarrhea in gynecological 
IMRT patients are extremely rare. Roeske et al. reported 
a high-dose small bowel volume effect among pelvic 
IMRT patients (n = 50); Chi et al. found a high-dose  (V45) 
small bowel volume effect among IMRT-treated patients 
(n = 32) with endometrial cancer. Huang et  al. (n = 108) 

showed that the cumulative incidence of Grade 2–3 diar-
rhea among patients treated with 39.6  Gy delivered to 
small bowel volume < 60 mL and ≥ 60 mL were 33.3% and 
63.4% (P = 0.001), respectively, and suggested that a small 
bowel volume of 39.6 Gy delivered to < 60 mL should be 
used as a constraint to alleviate acute RT-related diarrhea 
[23, 25, 26]. Our study used the peritoneum as a surrogate 
for the small bowel, which revealed that the peritoneum 
 V40 has the potential to be used as a predictor for acute 
Grade 2 or worse diarrhea (OR 1.62, 95% CI 0.97–2.71, 
P = 0.068). A larger sample size remains necessary to 
verify the effectiveness of peritoneum  V4o as a predictor 
of diarrhea. We attempted to use the peritoneum instead 

Fig. 5 Analysis of the association between survival outcomes and pre‑treatment serum SCC in T1/T2N0 subgroup. Pretreatment serum squamous 
cell carcinoma antigen (SCC Ag) correlated with a overall survival, b progression‑free survival, c locoregional recurrence‑free survival, d and distant 
metastasis‑free survival in the T1/T2N0 subgroup
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of the small loop for dosimetric evaluations because the 
bowel wall is sometimes ill-defined and easily mobilized 
during non-enhanced CT simulations, making the con-
tour process difficult and leading to low reproducibility.

The major toxicities associated with pelvic radiother-
apy for gynecologic malignancies include complications 
involving the rectum, bladder, and bone marrow, leading 
to diarrhea, colitis, cystitis, and bone marrow suppres-
sion, which are categorized as acute or chronic toxicities 
depending on the time of onset. RT techniques continue 
to evolve, from 3DCRT to IMRT, and IMRT is considered 
to be an effective technique with a low incidence of acute 
toxicity [27]. However, whether VMAT or tomotherapy 

can further reduce the severity of RT-related toxicities is 
still debated. Few studies have compared clinical compli-
cations between fixed-field IMRT and VMAT or tomo-
therapy. Guo et  al. compared the clinical toxicities and 
dosimetric parameters of VMAT and fixed-field IMRT 
in patients (n = 84) with cervical cancer who underwent 
radical CCRT and concluded that VMAT plans were 
superior to fixed-field IMRT plans in terms of the dosim-
etry values recorded for the  V30 of the rectum and the 
 V40 of the bladder, although no significant differences in 
acute and chronic complications were observed clinically 
[21]. Impressively, our study indicated that tomotherapy 
reduced not only the rectum  V30 but also the severity 
of acute diarrhea compared with VMAT, indicating the 
potential to translate a dosimetric advantage into clini-
cal benefits. Since we analyzed the acute diarrhea during 
EBRT rather than brachytherapy, the EQD2 of brachy-
therapy might not be an interference factor of acute diar-
rhea. In addition, there’s no significant difference in mean 
EQD2 of brachytherapy among three subgroups as shown 
in Table 1. The difference observed between the rectum 
 V30 values between techniques in our study (tomotherapy 
vs. VMAT: 56.4% vs. 86.5%, P < 0.05) was larger than the 
difference reported in Guo’s study (VMAT vs. fix-field 
IMRT: 82.12% vs. 91.33%, P = 0.002), which may have 
contributed to the divergence in clinical outcomes. By 
contrast, no significant differences were observed among 
the 3 treatment plans for the occurrence of acute cystitis 
and chronic colitis. The bladder may not be as sensitive 
to radiation as the rectum, and a higher tolerance may 
reduce the occurrence of acute complications. Besides, 

Table 6 Cox proportional hazards regression analysis for distant 
metastases–free survival in the T1/T2 N0 subgroup

HR hazard ratio, CI confidence interval, OTT overall treatment time, RT radiation 
therapy, SCC Ag squamous cell carcinoma antigen, EQD2 equivalent dose in 2-Gy 
fractions, VMAT volumetric modulated arc therapy
a Reference category: 3DCRT, three-dimensional conformal radiation therapy

Variable HR 95% CI P value

Age ≥ 60 years 5.94 0.49–71.71 0.161

OTT of RT > 61 days 1.48 0.11–19.78 0.767

Pretreatment SCC Ag > 10 ng/mL 12.40 0.85–181.40 0.066

Post‑treatment SCC Ag > 1.5 ng/mL 0.001 0.00–1.078E33 0.863

EQD2 of Point A ≥ 81 Gy 1.15 0.077–16.98 0.921

RT  techniquea 0.991

VMAT 227.32 0.00–2.350E178 0.979

Tomotherapy 192.6 0.00–1.995E178 0.980

Table 7 Acute and chronic gastrointestinal toxicity by dosimetric parameters

CTCAE common terminology criteria for adverse events, CI confidence interval,  V50.4,  V40,  V35,  V30,  V25,  V15 = volume receiving ≥ 50.4, ≥ 40, ≥ 35, ≥ 30, ≥ 25, ≥ 15 Gy, 
respectively

*Statistically significant

CTCAE Grade 2 + acute diarrhea CTCAE Grade 2 + chronic colitis

Odds ratio 95% CI P Odds ratio 95% CI P

Colon

V35 0.88 0.73–1.06 0.182 1.10 0.86–1.41 0.451

V25 1.14 0.93–1.40 0.202 0.82 0.60–1.13 0.224

V15 0.93 0.83–1.04 0.186 1.05 0.93–1.18 0.448

Peritoneum

V50.4 0.80 0.57–1.12 0.198 1.09 0.76–1.56 0.629

V40 1.62 0.97–2.71 0.068 0.93 0.63–1.36 0.698

V30 0.80 0.54–1.18 0.250 1.25 0.83–1.87 0.287

V25 0.99 0.83–1.17 0.892 1.02 0.89–1.16 0.792

Rectum

V50.4 1.01 0.92–1.11 0.863 0.97 0.87–1.08 0.576

V40 0.92 0.83–1.02 0.116 0.84 0.67–1.06 0.147

V30 1.15 1.10–1.30 0.030* 1.14 0.99–1.33 0.073
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chronic colitis might also be affected by brachytherapy 
and chemotherapy. Furthermore, the small sample size 
may not have been sufficiently powered to detect a differ-
ence between the groups.

Our study involved some limitations. First, this study 
was performed as a retrospective study. Unlike a prospec-
tive study, the present study inevitably includes a degree 
of selection bias, recall bias, and confounding effects, 
leading to a finite level of evidence. Second, the limited 
case number makes the results relatively tentative, and 
these findings must be confirmed in a larger sample. 
Third, only 30 of the 93 patients completed a dosimetric 
analysis because we initiated the dosimetric evaluation in 

the midterm of the study, although we did not artificially 
intervene in the case selection process.

Conclusion
Pretreatment SCC Ag ≤ 10  ng/mL were associated with 
better PFS, LRRFS, and DMFS in patients with stage IB-
IVA cervical cancer treated by radical CCRT and might 
serve as an effective predictor for DMFS in the T1N0/
T2N0 subgroup. The  V30 value of the rectum is an impor-
tant dosimetric factor for acute diarrhea during pelvic 
EBRT. Compared with VMAT, tomotherapy reduced the 
 V30 value for the rectum and consequently alleviated the 
severity of acute diarrhea.

Table 8 Dosimetric comparison of organs at risk (OARs) for the 3 treatment plans

3DCRT  three-dimensional conformal radiation therapy, VMAT volumetric modulated arc therapy,  V50.4,  V40,  V35,  V30,  V25,  V15 = volume receiving ≥ 50.4, ≥ 40, ≥ 35, ≥ 30, 
≥ 25, ≥ 15 Gy, respectively

Differences were compared using the Kruskal–Wallis tests for continuous variables

Data are presented as the median [interquartile range]

*P < 0.05 versus 3DCRT in the Bonferroni post hoc test
§ P < 0.05 versus VMAT in the Bonferroni post hoc test
& P = 0.09 versus 3DCRT in the Bonferroni post hoc

3DCRT (n = 9) VMAT (n = 11) Tomotherapy (n = 10) P value

Colon dose (%)

V35 34.7 [23.9–66.1] 13.0 [7.0–29.3]* 10.6 [3.5–17.1]* 0.002

V25 50.3 [41.2–74.3] 30.0 [18.5–53.0]& 30.4 [10.8–37.4]* 0.020

V15 64.9 [51.2–81.0] 68.0 [52.0–73.2] 57.1 [33.8–80.6] 0.796

Peritoneum dose (%)

V50.4 35.8 [18.0–50.0] 3.6 [1.0–5.0]* 2.7 [0.5–5.2]* 0.001

V40 51.7 [28.0–73.0] 12.0 [7.0–21.0]* * 0.002

V30 58.7 [35.2–79.7] 27.0 [20.0–37.0]* 23.6 [17.5–34.6]* 0.013

V25 66.7 [32.5–83.0] 45.0 [33.7–52.0] 36.6 [30.4–45.5] 0.147

Rectum dose (%)

V50.4 24.4 [15.6,–52.6] 2.2 [0.0–13.4]* 5.3 [0.3–7.4]* 0.003

V40 97.5 [94.2–100.0] 37.0 [26.0–68.4]* 34.1[26.2–40.6]* < 0.001

V30 97.5 [96.3–100.0] 86.5 [69.3–90.0] 56.4 [49.3–66.0]*§ < 0.001

Bladder dose (%)

V50.4 40.7 [31.2–46.7] 2.0 [1.0–14.0]* 5.7 [0.7–13.3]* 0.001

V40 100.0 [99.8–100.0] 28.0 [23.3–34.1]* 28.6 [21.3–46.1]* < 0.001

V30 100.0 [100.0–100.0] 59.5 [52.0–71.0]* 50.5 [43.2–73.6]* < 0.001

Bone marrow dose (%)

V50 27.8 [24.1–29.2] 4.0 [2.7–5.0]* 5.5 [3.0–8.1]* < 0.001

V40 44.0 [39.7–45.5] 16.0 [13.0–17.0]* 19.6 [16.9–23.0]* < 0.001

V30 58.9 [54.8–62.9] 37.0 [34.2–38.5]* 39.2 [38.0–45.8]* < 0.001

V20 88.8 [81.5–91.3] 70.0 [63.0–75.4]* 70.4 [67.1–73.3]* 0.002

V10 91.9 [84.4–95.6] 89.8 [87.0–94.0] 90.2 [87.1–92.7] 0.936
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Data are presented as n (%)

3DCRT (n = 9) VMAT (n = 11) Tomotherapy 
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P value
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