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Table I. Patient characteristics.
Patient Age,
years

1
2
3
4
5

6
7
8
9

79
50
67
75
38

57
50
58
46

Diagnosis Histology
Cervix
Cervix
Cervix
Cervix
Cervix

Cervix
Cervix
Cervix
Cervix

SCC
SCC
SCC
SCC
SCC

SCC
SCC
SCC
ADC

Stage
(FIGO)
IIIC
IIB
IIB
IIA
IIA

IVA
IVA
IIIB
IIA

Recommended
CHT +
CHT +
CHT +
CHT +
CHT +

EBRT+
EBRT+
EBRT+
EBRT+
EBRT+

BT
BT
BT
BT
BT

CHT + EBRT+ BT
CHT + EBRT+ BT
CHT + EBRT+ BT
TAH-BSO + EBRT + BT

Chemotherapy
None
Cisplatin
Cisplatin
Cisplatin
Cisplatin

Cisplatin
Carboplatin
Cisplatin
Cisplatin

EBRT dose,
Gy/fractions
61.6/28
61.6/28
60/30
61.6/28
61.6/28

61.6/28
61.6/28
61.6/28
50.4/28

Reason ineligible SBRT boost dose,
for BT
Gy/fractions

Patient refusal
Patient refusal
Cervical stenosis
Cervical stenosis
Glanzmann’s
thrombasthenia
Cervical stenosis
Thrombocytopenia
Cervical stenosis
Cervical stenosis

20/4
21/3
18/3
21/3
15/3

15/3
15/3
18/3
25/5

ADC: Adenocarcinoma; BT: brachytherapy; EBRT: external beam radiation therapy; SCC: squamous cell carcinoma; TAH-BSO: total abdominal
hysterectomy and bilateral salpingo-oophorectomy.

Eight out of the nine patients were treated with simultaneous
integrated boost (SIB) fractionated radiotherapy; seven of these
patients were treated with prophylactic dose of 50.4 Gy (1.8 Gy per
fraction) to the uterus/ovaries, and draining lymph-nodal groups
according to internal and international guidelines, while the
prescribed dose to the gross tumor volume (i.e. cervix, parametria,
vaginal tissues based on vaginal extension) and involved lymph
nodes was 61.6 Gy (2.2 Gy per fraction) (4, 28, 29). One of these
eight patients was treated with a prophylactic dose of 54 Gy (2 Gy
per fraction) and a total dose to the GTV of 60 Gy (2 Gy per
fraction). One patient received standard fractionation to the pelvis
with a total dose of 50.4 Gy (1.8 Gy per fraction).
Eight patients were treated with chemotherapy during
fractionated EBRT: 40 mg/m2 cisplatin weekly for 5-6 cycles.
Chemotherapy began within the first week of radiotherapy start and
was administered during EBRT treatment but not during the boost.
One patient received only radiotherapy with intensity-modulated
radiotherapy (IMRT) SIB technique.
Pelvic MRI was performed in all patients after completing EBRT
to assess the radiologic response. T2-Weighted axial acquisition was
chosen as image fusion to better draft the target volumes.
The clinical tumor volume (CTV) and organs at risk (OARs)
were contoured on sequential axial CT slices.
For patients achieving local complete radiological response after
EBRT, the high-risk (HR)-CTV) was defined as the whole cervix. For
patients having residual tumor after EBRT, the HR-CTV included the
residual GTV and the whole cervix. The planning target volume (PTV)
was created expanding the HR-CTV by 5 mm in all directions, except
in the posterior direction where a reduced margin of 3-4 mm was
employed in order to reduce the dose to the rectal wall. The OARs
included the rectum, sigmoidal colon, urinary bladder, and bowel.
The Eclipse 4.5.5 (Varian) treatment planning system, and
volumetric-modulated arc therapy/intensity-modulated radiotherapy/
IMRT technique on a 6-MV linear accelerator Varian were used for
SBRT (Figure 1). All patients underwent image-guided radiotherapy
using cone-beam CT system as daily pre-treatment imaging. Any
observed set-up error ≥2 mm was corrected prior to treatment.
The patients were treated with a stereotactic boost with a total
dose of 15-25 Gy in 3-5 fractions (5-7 Gy per fraction).

54

Radiotherapy was delivered every 72 h according to the high
dose-rate BT schedule usually used. The different fractionated
schedules adopted were tailored for each patient with the aim of
a dose to the OAR-adapted approach, respecting the prescribed
oncological dose to the tumor, where the total dose was calculated
according to doses to PTV equivalent dose in 2 Gy fractions
(EQD2) (80.8-92.4 Gy) and to OARs (dose max of 75 Gy EQD2
to 2cc of rectum and dose max of 90 Gy to 2cc of bladder)
according to International Commission on Radiation Units and
Measurements 89 (30).

Toxicities and follow-up. Urinary and lower gastrointestinal acute
adverse effects were reported according to the Radiation Therapy
Oncology Group and the European Organization for Research and
Treatment of Cancer scoring system (31) every week during EBRT
and SBRT, 5-6 weeks and 3 months after treatment completion,
with late toxicity being reported after a minimum 6-month followup period. Sexual late toxicities were scored after a minimum 6month follow-up period according to the Symptoms, Objective,
Management, Analytic scoring system (32). Patients were
followed-up with clinical examinations, blood tumor markers and
pelvic MRI performed at 2 months after boost and every 3 months
thereafter. Total body positron-emission tomography-CT scan or
transvaginal ultrasound were prescribed depending on clinical
status and disease stage.
Response. Response was assessed with pelvic MRI immediately
after completing EBRT and the end of SBRT boost according to
RECIST 1.1 criteria (33).

Statistical analysis. Statistical analysis was performed using the
SPSS statistical software package version 13.0 (SPSS, Chicago, IL,
USA). Overall survival (OS) was calculated from the date of
diagnosis to the date of death from any cause or the date of the last
follow-up. Disease-free survival (DFS) was calculated from the date
of the end of radiotherapy course to the date of either distant
metastases, locoregional recurrence or the date of the last followup. The Kaplan–Meier method was used to estimate the rates of OS
and DFS.

