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Purpose: This study aims to assess the feasibility and efficacy of high-dose rate (HDR) brachytherapy (BT) administered in a single
insertion with 4 treatment sessions for locally advanced cervical cancer and to identify the prognostic factors influencing outcomes.
Methods and Materials: We retrospectively analyzed the clinical data of patients with cervical cancer with locally advanced disease
(International Federation of Gynecology and Obstetrics 2018 IB-IVB) treated at our institution from January 2014 through December
2021. Each patient received definitive radiation therapy with an external irradiation dosage between 45 and 50.4 Gy along with
concurrent chemotherapy. HDR-BT (24 Gy) was prescribed to a high-risk clinical target volume.

Results: One hundred thirty-nine patients were included and the HDR-BT program could be fully performed in 136 patients (98%).
Over a median follow-up duration of 40.5 months, the 2-year local control (LC), overall survival (OS), and disease-free survival rates
stood at 79.4%, 77.7%, and 61.7%, respectively, with 5-year rates at 78.2%, 61.6%, and 55.7%. Multivariate analysis revealed the primary
determinant of LC as the tumor’s response to external beam radiation therapy as determined via magnetic resonance imaging before
BT. Parametrial involvement demonstrated a significant multivariate association with disease-free survival (P = .04). Regarding OS,
parametrial invasion (P = .01) and the tumor’s response postchemoradiotherapy (P = .02) emerged as significant factors. Regarding
chronic toxicities, 18% (25 patients) experienced grade 3 complications. An optimal D2 cc (bowel) threshold of 70 Gy (P = .001) was
identified to limit chronic digestive complications of grade 3 or higher.

Conclusions: The implementation of single-insertion, 4-session HDR-BT could be performed in 98% of the patients. It yields favorable LC
and OS rates, coupled with tolerable toxicity in patients with locally advanced cervical cancer. Response to initial chemoradiotherapy
evaluated on pre-BT magnetic resonance imaging is an important prognostic factor and could help to individualize therapeutic strategies.
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Introduction

Cervical cancer is a prevalent gynecologic malignancy
and the fourth most common cancer diagnosed in women
worldwide. Annually, over 530,000 women are diagnosed,
resulting in more than 270,000 deaths globally.' In
France, there are 3000 new cases and 1100 attributed
deaths each year,” representing a major public health
problem, with three-quarters of cervical cancers diag-
nosed in women under 65.

Identified risk factors include infection by specific
human papillomavirus types,” smoking," immunodefi-
ciency,” early age at first sexual intercourse, history of sex-
ually transmitted infections, multiple sexual partners, and
nonparticipation in screening programs.’ Cervical carci-
nogenesis typically initiates from precancerous lesions,
which may progress to invasive cancer.”

For cervical lesions at stages IB1, IB2, and IIA1, surgi-
cal options such as cervical conization or hysterectomy
are preferred, typically involving type C radical hysterec-
tomy with pelvic lymphadenectomy.®

Prognostic factors for locally advanced cervical can-
cer (LACC) encompass tumor stage,” age,'’ tumor size,
lymph node invasion,'" histologic type, anemia at diag-
nosis,’? serum squamous cell carcinoma (SCC) antigen
level at diagnosis,"” and p16 protein expression. Regard-
ing therapeutic parameters, overall treatment time
(OTT)"* and concomitant chemotherapy must be care-
fully monitored. Previous studies have reported 5-year
overall survival (OS) rates ranging from 61.9% to 77.9%
in patients with LACC.>"” It is necessary to identify
patient-, disease-, and treatment-related risk factors and
biomarkers for outcomes to define risk groups that can
be used for intensification of multimodality treatment
in high-risk patients and de-escalation of treatment in
low-risk patients.

Treatment for LACC consists of concomitant chemo-
radiotherapy, followed by uterovaginal brachytherapy
(BT)."® The total uterovaginal BT dose administered
depends on several factors, with 2 main techniques: high-
dose rate (HDR) and pulsed-dose rate BT. BT is a funda-
mental component of treatment, exerting a significant
effect on prognosis,’” with no real consensus on HDR-BT
fractionation schemes.'®

Because the organization of multiple insertion under
anesthesia is difficult in our country, because of a poor
availability of anesthetists, we developed a new schedule
of image guided HDR-BT with 1 insertion, performed
under general anesthesia, and 4 fractions in 3 days, during
a conventional hospitalization.

The aim of this study is to explore the feasibility
and efficacy of this image guided HDR-BT protocol
with a combined intracavitary and interstitial tech-
nique in patients with LACC and to evaluate prognos-
tic factors.

Methods and Materials

Patients

We conducted an observational, retrospective, single
institution study for patients with LACC receiving HDR-
BT boost. All patients treated for a carcinoma of the cer-
vix with an HDR-BT boost in our institution between
2014 and 2021 were reviewed retrospectively. HDR-BT
boost was delivered with a single implant and 4 fractions
during a conventional hospitalization.

Inclusion criteria were biopsy-diagnosed cervical SCC,
adenocarcinoma or neuroendocrine, locally advanced dis-
ease (International Federation of Gynecology and Obstet-
rics 2018 [FIGO] IB-IVB), and no previous surgery or
external-beam radiation therapy for cervical cancer.

At diagnosis, patients had clinical examination, bio-
logic test, pelvic magnetic resonance imaging (MRI), and
18 fluoro-deoxy-glucose positron emission tomography
(PET). Tumor size was determined on clinical examina-
tion and/or MRI (maximum width on axial T2-weigthed
sequence). Para-aortic (with or without pelvic) lymph
node (LN) dissection was during the study period recom-
mended to improve the accuracy of the staging in case of
PET negative on the para-aortic area.

The exclusion criteria were the absence of BT (exclu-
sive chemo-radiation therapy treatment) and the lack of
data concerning recurrence.

Data concerning each patient were recovered using
dosimetry records and local clinical files. Before data collec-
tion in our center, the consent of all patients was obtained.

Treatment

Treatment consisted of external-beam radiation ther-
apy (EBRT) to the pelvis with concomitant chemother-
apy, followed by HDR intracavitary and interstitial BT
based on MRI. Para- aortic radiation therapy was applied
in patients with para-aortic nodal metastasis after LN dis-
section or with positive nodes on PET-computed tomog-
raphy (CT).

Clinical target volume (CTV) covered gross tumor vol-
ume (GTV), cervix, uterus, parametrium, upper part of
the vagina, and pelvic LNs (common, internal, and exter-
nal iliac and obturator and presacral LNs). The CTV for
para-aortic LNs encompassed the entire lumbo-aortic
region. The GTVn included all positive LNs visible on the
PET scan.

EBRT was prescribed with 1.8 to 2 Gy daily fractions,
5 days per week, up to a total dose of 45 to 50.4 Gy in 25
to 28 fractions to planning target volume. For patients
with positive regional LN, a boost dose was delivered, usu-
ally 10 to 15 Gy.
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Concomitant platinum-based chemotherapy was
administered. In most cases, this was a synchronous sensi-
tization chemotherapy regimen consisting of 5 to 6 weekly
cisplatin (40 mg/m?). For some patients with large tumor
volume, a neoadjuvant chemotherapy was administered.

At the end of the EBRT treatment and during the week
before BT, a new pelvic MRI was recommended to evalu-
ate tumor response and to better define the target volumes
of BT. However, this second MRI could not be done in all
patients for logistic reasons. The date of BT was estab-
lished with an objective of achieving an OTT, including
BT, of under 55 days.'” It must be emphasized that this
MRI was not done before the implantation.

All patients were admitted to the radiation therapy
inpatient ward for a minimum duration of 3 days to
ensure medical monitoring, which included a daily clini-
cal examination. Prophylactic anticoagulation was usually
prescribed (eg, enoxaparine 4000 international Unit/sub-
cutaneous injection (UI/SC) daily). On day 1, the uterova-
ginal BT device was inserted in the operating room by a
specialized radiation oncologist, with the patient under
general anesthesia. We used the Vienna ring applicator’’;
if possible, interstitial needles (usually 4-6) were inserted
inside the cervix to obtain a better coverage of the target
volumes. The placement of the intrauterine device was
facilitated through suprapubic ultrasonography.

The day after BT device placement, patients had a pel-
vic CT scan. All high-risk (HR) CTV, intermediate-risk
(IR) CTV, and organs at risk (OARs) were delineated
according to groupe européen de curiethérapie - european
society for radiotherapy and oncology (GEC-ESTRO) and
(ICRU) international commission for radiation units rec-
ommendations”' and with the help of preimplant MRI.

HR-CTV consisted of the whole cervix and residual
GTV, which was composed of any manifested residual
tumor extension at the time of BT and residual pathologic
tissue as defined by clinical examination performed dur-
ing device insertion and post-EBRT MRI.

IR-CTV encompassed tumor extension at diagnosis
and a 1-cm margin around HR-CTV. The dosimetry soft-
ware used was Oncentra Brachy.

The treatment plan aimed to deliver 24 Gy to HR-CTV
in 4 fractions. Absorbed doses to these volumes were
converted into a radiobiological equivalent of 2 Gy per
fraction and biologic effective dose, using the linear-qua-
dratic model, with an «/8 value of 10 for tumors and 3 for
OARs. Total doses to target volumes and OAR were
obtained by adding dose of EBRT and dose of BT.

HDR-BT was delivered with an iridium-192 source
with a MicroSelectron Brachytherapy afterloading Plat-
form (Elekta). Four fractions were delivered: 1 fraction on
the day after insertion of the device (D2), after obtention
of dosimetry, 2 fractions on the third day (D3) with an
interval of at least 4 hours between fractions, and 1 on the
fourth day (D4) in the morning. A control CT scan was
performed in the morning of D3 and D4 before the HDR-

BT session. The applicator was removed under local anes-
thesia and slight sedation just after the fourth session, and
the patient was discharged afterward. During the hospital-
ization, pain medication (World Health Organization
level I-II) was systematically prescribed, but morphine
derivatives were rarely required.

Follow-up

The follow-up protocol consisted of clinical examina-
tions every 3 to 4 months for the first 3 years, followed by
examinations every 6 months up to 5 years of follow-up.
A pelvic MRI was performed 3 months after BT, then
every 6 months for the first 2 years, and then annually for
a total of 5 years. A PET-CT scan was proposed at 3 to 6
months after BT then annually.

In case of persistent or recurrent local disease, without
distant metastases, a salvage hysterectomy was dis-
cussed.”” In case of recurrent disease not amenable to
surgery, chemotherapy with or without bevazucimab was
systematically proposed.

Outcomes

End points of this study are disease-free survival
(DFS), OS, and local control (LC). DFS is defined as the
absence of recurrence or progression after the primary
treatment, and OS refers to the absence of death from any
cause. LC represents the absence of any recurrent or pro-
gressive local disease in the cervix. All these parameters
were calculated from the first day of treatment. Toxicities
were graded according to the Common Terminology Cri-
teria for Adverse Events version 5°° and were retrospec-
tively assessed through the review of patient’s electronic
medical records.

Statistical analysis

All statistical analyses were conducted using Stata ver-
sion 14.2, employing Kaplan-Meier survival, log-rank test,
Cox regression analysis, ¢ tests, and x> tests. Univariate
analysis was performed using Kaplan-Meir survivals with
a log-rank test comparison.

Results

Patients

Of the 146 patients who underwent the HDR-BT
protocol during the study period, 7 were excluded because
of insufficient data, resulting in a total of 139 patients
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Table 1 General characteristics of 139 patients

Patient characteristics

Age (years: mean, min-max) 53 (24-86)
HIV status (number, %)

Positive 5 (3.6)
Negative 134 (96.4)
Histology (number, %)

Squamous cell carcinoma 116 (83.5)
Adenocarcinoma 22 (15.8)
Neuro-endocrine 1(0.7)
Tumor size (mm: mean, min-max) 49 (15-115)
Parametrial involvement (number, %)

Unilateral 46 (33.1)
Bilateral 64 (46)
No 29 (20.9)
Vaginal involvement (number, %)

Lower third 11 (7.9)
Upper two-thirds 68 (48.9)
No 60 (43.2)
FIGO 2018 stage

B2 2 (1.4)
B3 5 (3.6)
A 4(2.9)
1B 31 (22.3)
1A 2 (1.4)
1B 4(2.9)
IIC1 49 (35.2)
IIC2 19 (13.7)
IVA 18 (13)
VB 5(3.6)
PET-CT scan (number, %)

Yes 135 (97.1)
No 4(2.9)
LN involvement on the PET-CT scan (number, %)

Pelvic fixation 55 (40.7)
Para-aortic fixation 22 (16.3)
NO 58 (43)
Performing a pelvic LN dissection (number, %)

Yes 35 (25.2)
No 104 (74.8)
Performing a para-aortic LN dissection (number, %)

Yes 91 (65.5)
No 48 (34.5)

(continued on next page)

Table 1 (Continued)

Patient characteristics

Positive LN among LN dissections (number, %)

On pelvic lymphadenectomy 10 (28.6)
On para-aortic lymphadenectomy 8(8.9)
Final node stage (number*, %)

Positive pelvic nodes 50 (36.7)
Positive para-aortic nodes 28 (20.6)
No 58 (42.7)

Abbreviations: FIGO = International Federation of Gynecology and
Obstetrics; LN = lymph node; PET-CT = positron emission tomog-
raphy computed tomography scan.

*Final node stage including PET-CT and LN dissection.

included for analysis. Detailed clinical characteristics of
these patients are presented in Tables 1 and 2. The
patients’ mean age was 53 years, and a predominance of
SCC (83.5%) was observed. Most of the patients had a
FIGO stage IIB and IIT (25.2% and 53.2%, respectively).
The average tumor size was 49 mm. Pelvic lymphadenec-
tomy was performed in 25.2% of the patients, and 65.5%
underwent para-aortic lymphadenectomy.

Treatments and outcomes

Most of the patients (97.1%) received platinum-based
concomitant chemotherapy, with only 1 patient not
receiving concomitant chemotherapy because of altered
performance status (asthenia, malnutrition, etc). The
average EBRT dose was 48.3 Gy, and the mean overall
treatment duration was 59.6 days. Only 70% of patients
underwent pre-BT pelvic MRI.

BT program could be fully performed in 136 patients
(98%). Three patients received a total dose of 18 Gy only,
in 3 sessions of 6 Gy each, because of pain or mental con-
fusion. Mean dose to the HR-CTV was 87.2 Gy but with a
large range of dose between 53.1 and 153.1 Gy (Fig. E1).

Over a median follow-up duration of 40.5 months, the
2-year LC, OS, and DFS rates stood at 79.4%, 77.7%, and
61.7%, respectively, with 5-year rates at 78.2%, 61.6%, and
55.7%. Nine patients had a salvage hysterectomy.

Prognostic factors

As detailed in Table 3, in univariate analysis, tumor
size, parametrial invasion, FIGO stage (Fig. 1), and neoad-
juvant chemotherapy were statistically correlated with
DEFS. The same parameters were also correlated with LC,
but, interestingly, tumor response to EBRT, as identified
via MRI before BT, was also highly correlated to LC
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Table2 Treatment characteristics

MRI prior-BT available (number, %)

Yes 98 (70)
No 41 (30)
Tumoral responses on MRI pre-BT (number, %)

No response 16 (16.3)
Partial response 52 (53.1)
Complete response 30 (30.6)

Neoadjuvant chemotherapy (number, %)

Yes 24 (17.3)
No 115 (82.7)
CCRT (number, %)

Yes 138 (99)
Platine based 134 (97.1)
Other 4(2.9)

No 1(1)

RT technique (number, %)

IMRT 87 (62.6)
3D 52 (37.4)
Dose of RT (Gy: mean, min-max) 48.3 (43.2-60)

Final hysterectomy (number, %)

Yes 9 (6.5)
No 115 (82.7)
Unknown 15 (10.8)
Node boost

Yes 47 (33.8)
No 92 (66.2)
OTT (days: mean, min-max) 59.6 (43-93)
Median 58
Interstitial needles 123 (89%)
Dose of BT (Gy: number, %)

15 1(0.7)

18 3(22)

24 135 (97.1)

BT dosimetry (Gy: mean, min-max)

HR-CTV (Dgg) 86.9 (62-119)
HR-CTV 30.6 (5.89-91.7)
IR-CTV (Dg) 69.1 (50-91.7)
IR-CTV (Dog) 58.4 (47.7-78.7)
IR-CTV 76.9 (16.8-187.4)
D, .. of bowel (EQD2) 65.4 (45.27-85.46)
68.6 (49.63-80.26)
76.4 (57.36-85.3)

D, (. of rectum (EQD2)
D, .. of bladder (EQD2)

Abbreviations: 3D = 3 dimensional; BT = brachytherapy;
CCRT = concomitant chemoradiotherapy; CTV = clinical target vol-
ume: EQD2 = equivalent of 2 Gy per fraction; HR = high risk;
IMRT = intensity modulated RT; IR = intermediate risk;
MRI = magnetic resonance imaging; OTT = overall treatment time;
RT = radiation therapy.

(P =.01; Fig. 2). Of note, no dosimetric parameter, such as
D90 to HR-CTV or IR-CTV, was correlated with LC or
DES.

Concerning OS, parametrial invasion, final nodal stage,
FIGO stage, the implementation of neoadjuvant chemo-
therapy, and the tumor’s response to chemoradiotherapy,
as determined by posttreatment MRI, were associated
with this parameter. A trend toward poorer OS outcomes
was noted in relation to tumor size, albeit without statisti-
cal significance (P = .07).

In multivariate analysis (Table 4), tumor response on
postchemoradiotherapy MRI was always highly correlated
to LC (P = .006) and OS (P = .02). Notably, parametrial
involvement was associated with a reduced DFS (P = .04)
and OS (P =.01).

Acute complications

Table 5 presents the side effects resulting from the
administration of chemoradiotherapy followed by utero-
vaginal BT. Acute urinary and digestive toxicities were
observed in 20.86% and 81.29% of patients, respectively.
Notably, among those experiencing acute urinary toxicity,
19.42% presented with grade 1. Conversely, 5.76% of
those with acute digestive toxicity had grade 3 symptoms,
characterized by recurrent vomiting, diarrhea, and mal-
nutrition, requiring hospitalization for supportive meas-
ures. Transfusions of red blood cells or platelets were
required in 30 patients (21.6%), either before or after
uterovaginal BT.

Chronic complications

Twenty-five patients (18%) experienced late grade 3
complications. Patients with grade 3 chronic urinary tox-
icity presented with diverse pathologies such as radiation
cystitis, pyelocaliceal cavity dilation, radiation-induced
ureteral fibrosis (affecting 1 or both ureters), and vesico-
vaginal fistula. The majority required double ] catheter
placement to alleviate these conditions. Regarding chronic
gastrointestinal toxicity, 11 patients suffered from grade 3
or higher adverse effects. They exhibited conditions like
radiation-induced proctitis discovered after a digestive
hemorrhage, recurrent occlusive syndromes, and short
bowel syndrome. Some required treatments such as argon
plasma coagulation or colostomy. Only 28 patients
reported dyspareunia during consultation, but this com-
plication was probably underestimated. It must be
emphasized that some patients may have manifested tox-
icities across multiple categories.

Patients manifesting chronic gastrointestinal side
effects of grade 3 or higher had a mean D2 cc (bowel) of
73.4 +/- 0.87 (range, 69.4-77.3). In contrast, patients with
gastrointestinal side effects of grade 2 or lower showed a
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Table 3  Univariate analysis

Characteristic DES LC 0§
Patient and Tumor characteristics N° pts % P value* % P value* % P value*
Age 0.90 0.80 0.55
<=53 years 68 60 77.9 73.5
>53 years 71 61.7 80.6 67.5
HIV 0.81 0.95 0.48
Positive 5 80 80 80
Negative 134 60.15 79.3 69.9
Histology 0.46 0.06 0.26
Squamous cell carcinoma 116 61.81 78.8 714
Adenocarcinoma 22 59.08 86 68.2
Neuro-endocrine 1 - - -
Tumor size 0.07 0.02 0.07
<=40 mm 42 73.74 92 78.4
>40 mm 97 55.65 74.1 66.9
Parametrial involvement 0.002 0.05 0.004
None 29 84.6 91.8 88.5
Unilateral 46 66.7 85 75.1
Bilateral 64 47.1 70.2 59.5
Vaginal involvement 0.06 0.64 0.13
None 60 71.4 83.7 76.2
Lower third 11 52.8 75 66.4
Upper two-thirds 68 54.5 80.8 63.6
Final nodal stage 0.16 0.49 0.0061
NO 58 63 81 71.4
Pelvic 50 65.2 81.5 79
Para-aortic 28 43.1 67.1 48
FIGO stage 0.0002 0.02 0.0001
- Stage I-1I 42 78.9 89.5 86.7
- Stage III 74 60.2 79.5 71.2
- Stage IV 23 31.9 58.5 37.6
Neoadjuvant chemotherapy 0.01 0.09 0.004
Yes 24 43.0 65 50.8
No 115 64.5 82.1 74.4
Final hysterectomy 0.79 0.47 0.65
Yes 9 55.6 66.7 66.7
No 130 61.3 80.5 70.7
Treatment characteristics N° pts % P value % P value % P value
Tumoral response on MRI to EBRT before BT 0.24 0.01 0.05
Complete response 30 70.4 91.9 84.3
Partial response 52 60.4 77.3 70.4

(continued on next page)
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Table 3 (Continued)
Characteristic DES Lc oS
Patient and Tumor characteristics N° pts % P value* % P value* % P value*
No response 16 43.8 61.1 62.5
EBRT technique 0.997 0.84 0.23
IMRT 87 62.8 79.4 76
3D 52 58 79.4 61.9
OTT 0.89 0.34 0.57
<=58 days 72 63.8 84 72.8
>58 days 67 58.2 74.6 68.3
BT dose 0.52 0.12 0.20
15 Gy 1 - - -
18 Gy 3 66.7 100 66.7
24 Gy 135 61.3 85.3 71
Interstitial needles 0.68 0.50 0.98
No 15 57.1 78.6 71.4
Yes 123 61 79.3 69.9
HR-CTV (Dy) 0.71 0.79 0.89
<=86 Gy 70 58 80.3 69.4
>86 Gy 69 63.9 78.5 71.4
HR-CTV 0.82 0.97 0.55
<=25cm’ 68 61.01 79.3 70.4
>25 cm’® 71 60.85 79.4 70.3
IR-CTV (Do) 0.13 0.53 0.34
<=68.5 Gy 70 55.7 79 64.7
>68.5 Gy 69 66.6 80 76.9
IR-CTV 0.78 0.76 0.72
<=69 cm’ 69 58.7 78 70.8
>69 cm® 70 63.1 80.7 70.1
Abbreviations: 3D = 3 dimensional; BT = brachytherapy; CTV = clinical target volume; DFS = disease-free survival; EBRT = external-beam radiation
therapy; FIGO = International Federation of Gynecology and Obstetrics; HR = high risk; IMRT = intensity modulated radiation therapy;
IR = intermediate risk; LC = local control; MRI = magnetic resonance imaging; OS = overall survival; OTT = overall treatment time.
Endpoints were assessed for 139 patients. Values are presented as percentages (proportions) unless indicated otherwise.
Significant differences are indicated in bold type.
*Comparisons have been made with a log-rank test.

mean D2 cc (bowel) of 64.7 +/- 1.78 (range, 62.9-66.4),
with a significant P value of .005. The optimal cut-off to
discriminate patients with or without grade 3 bowel toxic-
ity was 70 Gy (P = .001; Fig. 3). For patients receiving D2
cc (bowel) > 70 Gy, the likelihood of developing chronic
gastrointestinal toxicity was 16.13%, as opposed to a con-
siderably lower probability of 1.3% in those receiving D2
cc (bowel) < 70 Gy. No statistical correlation was found
between D2 cc (rectum) and severe chronic gastrointesti-
nal toxicity (P = .76). Finally, in relation to chronic

urinary toxicity, no statistical relationship was discernible
with D2 cc (bladder) (P = .68).

Discussion

In cervical cancer, recurrences may arise in the cervix
itself (local recurrences) or in the pelvic or para-aortic
LNs (regional recurrences), while some patients develop
distant metastases or a combination of both. Tumor
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Figure 1

(A) Local control based on FIGO stage. Comparison of local control rates among different stages according to the

FIGO classification for cervical cancer. (B) Disease-free survival based on FIGO stage. Comparison of disease-free survival rates
across various stages using the FIGO classification for cervical cancer. Analysis performed using log-rank test and Kaplan-Meier
curves. The FIGO stages are categorized into 3 groups: stage I-II (blue curve, including stages I and II), stage III (red curve,
including stages IIIC1, IIIC2), and stage IV (green curve, including stages IVA and IVB). Patients at risk (events) are described

below the curve.

Abbreviation: FIGO = International Federation of Gynecology and Obstetrics.

volume directly correlates with the risk of both local and
distant failures.”> Notably, the majority of recurrences
present within the first 3 years, and the prognosis remains
bleak, with many succumbing to progressive disease.”’
Before the image-based BT, pelvic relapse constituted
70% of these failures, with 50% accompanied by distant
metastases.””° With the emergence of the image-based

BT, LC has been excellent, and most of the recurrences
are regional or distant.”’

BT is an essential part of the standard treatment.
Because of the shortage of anesthetic facilities, we devel-
oped a HDR-BT program during a classical hospitalization
of 3 days with only 1 insertion and 4 fractions. This
retrospective study demonstrates the feasibility of this
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Figure 2 Local control based on response to external beam radiation therapy. Comparison of local control rates based on the

response of patients to external beam radiation therapy.

procedure, with 98% of the patients having the full BT dose
without any severe complication during the hospitalization.

The present study provides comprehensive clinical evi-
dence supporting the efficacy of MRI-based 3-dimen-
sional HDR-BT for the treatment of LACC. Our findings
align with those in the literature regarding efficacy. In a
Cochrane review published in 2014, a 3-year OS rate of
66.3% for HDR and 69.6% for low-dose rate was reported,
with 5-year rates being 54.9% and 60%, respectively. Five-
year LC stood at 75.8% for HDR and 79.7% for low-dose
rate. However, our results were slightly lower than those
obtained in more recent trials, such as the EMBRACE

Table 4 Multivariate analysis

study”’: in this prospective study, LC ranges from 89 to
91% for stage IB-IIB (similar to our result of 89.5% for
this group) and 92% for stage IIIB (compared with 79.5%
in our study). It must be noticed that mean dose to HR
volume is slightly lower than in EMBRACE (87 vs 90 Gy).
One possible explanation is that we contoured the target
volume on CT scan and not directly on MRI, because
MRI was performed before the implant. Currently, we
have organized our process to perform the MRI after the
implant and to contour directly on MRI.

Tumor size, FIGO stage, and parametrial involvement
have been classically found to be important prognostic

Characteristic LC DFS (O]

Patient and tumor characteristics

Tumor size 1.62 [0.45-5.91] 0461 1.24[0.64-2.42] 0.529 1.10(0.43-2.85)  0.839
Histology 1.98 [0.50-7.87]  0.33 - - - -
Parametrial involvement 1.55 [0.79-3.04] 0.204 1.55[1.01-2.38] 0.043 2.14 (1.18-3.88) 0.012
Vaginal involvement - - 1.27 [0.94-1.71] 0.116 - -
Neoadjuvant chemotherapy 1.91[0.63-5.79] 0.250 1.48[0.76-2.88] 0.249  2.05(0.83-5.06) 0.118
FIGO 2018 stage 1.13 [0.51-2.47] 0.766  1.48 [0.93-2.37]  0.101 1.35(0.76-2.39)  0.307
Final nodal stage - - - - 0.79 (0.47-1.32)  0.365
Treatment characteristics

Tumoral response on MRI to EBRT before BT ~ 2.68 [1.32-5.44] 0.006 - - 1.86 (1.11-3.13)  0.019
Abbreviations: BT = brachytherapy; DFS = disease-free survival; EBRT = external-beam radiation therapy; FIGO = International Federation of Gyne-
cology and Obstetrics; LC = local control; MRI = magnetic resonance imaging; OS = overall survival.

Endpoints were assessed for 139 patients. Hazard ratio — Cox model 95% Cls are presented. Values are presented as percentages (proportions) unless
indicated otherwise.

Significant differences are indicated in bold type.
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Table5 Toxicity

Grade 1 Grade 2 Grade 3 Grade 4
Acute complications (number, %)
Urinary 27 (19.42) 2 (1.44) - -
Digestive 76 (54.68) 29 (20.86) 8 (5.76) -
Hematologic 13 (9.35) 21 (15.11) 30 (21.58) -
Chronic complications (number, %)
Urinary 1(0.72) - 7 (5.04) -
Digestive 1(0.72) 3 (2.16) 9 (6.47) 2(1.44)
Dyspareunia 14 (10.07) 5(3.60) 9 (6.47) -
Presentation of acute and chronic toxicities. Results presented as a number (percentage).

factors. Many studies have found a strong association
between tumor size and prognosis.”>”’ The Radiation
Therapy Oncology Group 90-01 trial, a phase III study,
included large tumor size (>5 cm) as a criterion for
patient selection.”” Narayan et al’' suggested that tumor
volume (>38 ml) was an important risk factor, and
Beriwal et al* reported that tumor diameter (>5 cm) was
a significant predictor of increased risk of local recurrence.

The EMBRACE-I study”’ aimed to report treatment
outcomes and risk factors for local failure (LF) in LACC
treated with MRI-guided adaptive brachytherapy (MR-
IGABT). With a median follow-up of 52 months for 1318
patients, 98 LFs were observed. LFs were predominantly
located inside MR-IGABT target volumes. Multivariable
analysis revealed significant effects on LF from factors

90
|

80
1

Bowel D2cc (EQD2)

50
1

40

such as histology, minimal dose to 90% of HR-CTV,
maximum tumor dimension, HR- CTV > 45 cm?, OTT,
tumor necrosis at diagnosis, and uterine corpus and mes-
orectal infiltration. Dose-response analysis showed that a
minimal dose to 90% of 85 Gy to the HR- CTV resulted
in a 95% LC rate for SCC compared with 86% for adeno-
carcinoma. The study validates the GYN GEC-ESTRO/
ICRU-89 target concept and provides large-scale evidence
for dose prescription and new risk factors for LF in MR-
IGABT-treated cervical cancer. In our study, we did not
find a correlation between dose to HR-CTV and LC or
DFS. However, most of our patients received a dose
around 85 Gy (see Fig. E1).

We emphasized the importance of oncological re-eval-
uation after chemoradiotherapy: a complete response, as

Grade <2 (n=128)

Grade =3 (n=11)

Figure 3 D2 cc of bowel (equivalent dose in 2 Gy fractions) correlated with gastrointestinal toxicity grade. Box plot illustrating
the correlation between D2 cc of bowel calculated in equivalent dose in 2 Gy fractions and the corresponding gastrointestinal
toxicity grade. Toxicities were classified into 2 groups: grade <= 2 and grade >= 3.
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determined by MRI performed in the week before BT, at
the end of the chemo-radiation therapy sequence, results
in improved LC and OS. A simple scoring system, T-score
(TS),* evaluating the local extension on clinical examina-
tion and MRI, has demonstrated strong prognostic capa-
bilities in predicting LC and survival for patients with
advanced cervical cancer treated with chemoradiation
and MR-IGABT. Using TS score, calculated at diagnosis
and at first implant, it has been shown that a TS regres-
sion was observed in 71% of patients and was associated
with improved LC, survival, and reduced morbidity.33 We
confirmed that tumor regression evaluated on MRI is an
important prognostic parameter, keeping a high signifi-
cance in multivariate analysis.

Three-dimensional optimization techniques have been
shown to enhance coverage of the tumor target volume
while simultaneously maintaining a safe dose to OARs.””
In prior research, the 3-year LC rate was found to be 80%
for HR-CTV doses less than 80 Gy, 88.8% for doses rang-
ing between 80 and 85 Gy, and 95.6% for doses greater
than or equal to 85 Gy, with this dose-response relation-
ship being more significant in extensive tumors.”* To
achieve this 85 Gy threshold, particularly for larger
tumors with significant parametrial infiltration and
anatomically unfavorable topography such as asymmetri-
cal tumor growth, narrow vaginal cavity, or vaginal spread
of disease, additional interstitial needles along with intra-
cavitary applicators may be necessary.” We have used
interstitial needles in 89% of our patients. In routine clini-
cal practice, the use of combined intracavitary and inter-
stitial treatment has demonstrated safety and feasibility
and has led to significant clinical and statistical improve-
ments in disease progression control and the protection
of OAR in LACC.”

Regarding toxicity, the majority of side effects observed
in patients were of grade 1 to 2 severity. Grade 3 to 4 com-
plication rate (18%) is consistent with those reported in
the literature.”® A maximum threshold of 70 Gy for the
D2 cc (bowel) appears to be a reasonable approach to
minimize the risk of chronic gastrointestinal adverse
effects of grade 3 or higher. In this analysis, there was no
evidence that D2 cc (bladder) and D2 cc (rectum) were
associated with urinary and gastrointestinal side effects.’”
Because we found that bowel 2 CC dose was highly corre-
lated to late toxicity, and because bowel bag was con-
toured apart of the rectum, it is probably EBRT that is
responsible for this toxicity. So, HDR-BT using a single
insertion technique and 4 treatment sessions seems to be
acceptable in terms of toxicity. It should be noted that in
our study, the reported side effects encompassed those
related to initial staging surgery, radiation therapy, che-
motherapy, and BT.

Our study has some limitations. First, it is a retrospec-
tive, single-center study with a limited number of patients;
however, all consecutive patients treated in the study
period were included. For some patients, data were

missing from the computerized database. Chemoradio-
therapy was conducted in 10 different centers across
Ile-de-France, which may account for the extended treat-
ment duration observed in our patients. Regarding side
effects, they are likely underestimated as patients did not
complete patient-reported outcome forms for collecting
adverse effects. Posttreatment sexual disorders were rarely
reported, although we know that many patients suffer
from them in the long term.

Conclusion

In conclusion, EBRT with HDR-BT in a single inser-
tion for patients with LACC or IB-IV cervical cancer is
both efficacious and safe. For patients with a poor prog-
nosis, more individualized and systemic treatment strate-
gies should be considered for concomitant administration
with definitive radiation therapy to improve the therapeu-
tic ratio. The use of other systemic therapies such as
immunotherapy is obviously something important to
explore. We have demonstrated that HDR-BT could be
performed safely with 1 insertion in 3 days, facilitating its
use in case of poor availability of anesthetists.
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