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Evaluate control rates of IGABT combined with CCRT for the treatment of locally advanced
cervical cancer.

Learning Objectives

Describe survival outcomes in patients treated with IGABT combined with CCRT for locally advanced
cervical cancer.

Describe toxicities in patients treated with IGABT combined with CCRT for locally advanced cervical
cancer.

KABSTRACT

Purpose. To evaluate the outcomes of patients with locally
advanced cervical cancer treated with three-dimensional

high-risk clinical targetvolume was 78.1 = 9.6 Gy, whereas the
doses delivered to organs at risk were maintained under the

image-guided brachytherapy (IGABT) after concomitant
chemoradiation (CCRT).

Materials and Methods. Data from patients treated with
CCRT followed by magnetic resonance imaging-guided or
computed tomography-guided pulsed-dose-rate brachyther-
apy, performed according to the Groupe Européen de Curi-
ethérapie—European Society for Radiotherapy and Oncology
guidelines, were reviewed. At first, stage | or Il patients sys-
tematically underwent radical hysterectomy or were offered
arandomized study evaluating hysterectomy. Then, hysterec-
tomy was limited to salvage treatment.

Results. Of 163 patients identified, 27% had stage I1B, 57% had
stage Il, 12% had stage Ill, and 3% had stage IVA disease. The
mean dose delivered (in 2-Gy dose equivalents) to 90% of the

usual thresholds. Sixty-one patients underwent a hysterec-
tomy. Macroscopic residual disease was found in 13 cases. With
a median follow-up of 36 months (range, 5-79 months), 45 pa-
tients had relapsed. The 3-year overall survival rate was 76%. Lo-
cal and pelvic control rates were 92% and 86%, respectively.
According to the Common Toxicity Criteria 3.0, 7.4% of patients
experienced late grade 3 or 4 toxicity. Most of those had under-
gone postradiation radical surgery (2.9% vs. 14.8; p = .005).
Conclusion. |IGABT combined with CCRT provides excellent lo-
coregional control rates with low treatment-related morbid-
ity, justifying the elimination of hysterectomy in the absence
of obvious residual disease. Distant metastasis remains anim-
portant first relapse and may warrant more aggressive sys-
temic treatment. The Oncologist 2013;18:415—-422

Implications for Practice: Overthe past20years, technicaladvances have led to dramatic changesin brachytherapy planning per-
mitting three-dimensional image guidance and volume-based prescribing. Image-guided adaptive brachytherapy is about to be-
come a gold standard in the treatment of locally advanced cervical cancer, pending the results of prospective studies. This series
reports excellent locoregional control in patients treated with pulsed-dose rate brachytherapy following concomitant chemora-
diation. Treatment-related morbidity was low, except in patients who underwent postradiation hysterectomy, justifying the
abandon of hysterectomy in the absence of obvious residual disease.

INTRODUCTION

The treatment of patients with locally advanced cervical can-
cer (LACC) relies on a combination of concomitant chemora-
diation (CCRT) and brachytherapy [1]. CCRT became the

standard of care in 1999 with the publication of five random-
ized studies comparing chemoradiation with exclusive radia-
tion therapy. A recent meta-analysis showed a 6% higher
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locoregional control rate with chemoradiation, which trans-
lated into a 5% gain in overall survival benefit. At the same
time, technological advances took place in the field of brachy-
therapy.One hasbeenthe potential tointegrate three-dimen-
sional (3D) imaging into treatment planning. Delineation of
clinical target volumes (CTVs) and organs at risk (OARs) there-
fore became possible with a prescription to these volumes in-
stead of geometrically constructed points, such as point A.
3D-image guidance also allows for the adaptation of brachy-
therapy tothetumoratthetime of brachytherapy, taking tu-
mor regression resulting from external-bean radiation
therapy (EBRT) into account. The Groupe Européen de Cu-
riethérapie—European Society for Radiotherapy and Oncol-
ogy (GEC-ESTRO) defined two CTVs based on their
probability of involvement by the tumor, taking both the
gross residual tumor at the time of brachytherapy and the
initial tumor volume into consideration [2]. The other ma-
jor advance was the availability of afterloaders, able to use
miniaturized *°?Ir sources. By modulating dwell times and
positions, it became possible to optimize dosimetries by in-
creasing the dose delivered to tumors while controlling the
dose delivered to OARs.

These improvements allowed a move from two-dimen-
sional (2D) brachytherapy to image-guided adaptive brachy-
therapy (IGABT). Previous reports, on a limited amount of
patients, suggest that this move has improved the outcomes
of LACC patients. In our institution, the use of this modern
technique led us to abandon postradiation hysterectomy. The
aim of this study is to report the clinical results of IGABT in a
large monocentric cohort of patients and to show how we
went from neoadjuvant to definitive radiation therapy.

MATERIALS AND METHODS

Patients and Tumors

The data from all patients treated with IGABT for LACC from
the launch of IGABT in our institution until the start of a pro-
spective study, the International Study of MRI-Guided Brachy-
therapyin Locally Advanced Cervical Cancer (EMBRACE), were
reviewed. Locally advanced disease was defined as tumor size
>4 c¢cm or stage lIA-IVA, Ib1 N+, according to the Fédération
Internationale de Gynécologie et d’Obstetrique classification.
Only patients treated with curative intent were included. Pa-
tients with para-aortic lymph node infiltration above L1 were
excluded. In total, 231 patients were treated with pulsed-
dose-rate (PDR) brachytherapy for cervical cancer during the
inclusion period. Preoperative brachytherapy for stage 1B1
cervical cancer (n = 47) was excluded. Additionally, two palli-
ative patientsand 19 patients lost to follow-up were excluded,
ultimately leaving 163 patients aged 26.5—82.7 years suitable
for inclusion. Their characteristics are summarized in Table 1.
Most were treated for stage 1B2 and stage Il disease (81%).
Forty percent were considered to have nodal involvement,
which was diagnosed using either computed tomography (CT)
scan, positron emission tomography (PET) scan, or surgical
dissection. The histological subtypes were squamous cell car-
cinoma (87% of cases), adenocarcinoma (11% of cases), and
adenosquamous (remaining 2.5% of cases). Sixteen patients
(10%) had a cone biopsy before treatment. All patients had at
least one pelvic magnetic resonance imaging (MRI) scan at di-
agnosis, and nearly 60% had a PET-CT scan in their work-up.
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Table 1. Patient characteristics

Characteristic % (n)
n of patients 163
Age
Median 47.9
Range 26.5-82.7
Histology

Squamous cell carcinoma 86.5% (141)

Adenocarcinoma 11% (18)

Adenosquamous carcinoma 2.5% (4)
Grade

High 36.2% (59)

Moderate 32.3% (51)

Low 20.2% (33)

Unknown 12.3% (20)
Clinical width, mm

Mean 49

Range 15-90
Volume assessed with MRI, cm?

Mean 55

Range 3-269
Stage

1B1 4.3% (7)

1B2 23.9% (39)

1A 6.1% (10)

11B 50.9% (83)

1A 3.1% (5)

1B 9.2% (15)

IVA 2.5% (4)
Nodes

Pelvic and/or para-aortic 40.5% (66)

Pelvic only 39.3% (64)

Unilateral pelvic 14.7% (24)

Bilateral pelvic 24.5% (40)

Para-aortic 8.6% (14)

Para-aortic only 1.2% (2)
Workup

Positron emission tomography 58.3% (95)

Para-aortic laparoscopic staging 23.3% (38)

Postradiation para-aortic dissection 25% (40)

Cone biopsy 9.8% (16)
Initial hemoglobin, g/dL

Median 12.2

Range 8.1-15.7
Image-based brachytherapy

MRI 88.3% (144)

Computed tomography 11.7% (19)
Hysterectomy 37.4% (61)

Abbreviation: MRI, magnetic resonance imaging.

Fifty percent of patients had a para-aortic dissection: half of
these were done laparoscopically before treatment to deter-
mine the need for extended-field radiotherapy and the re-
maining were done postradiotherapy in combination with
hysterectomy.
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Treatment Procedure

First, patients received CCRT at a dose of 45 Gy in 25 fractions
of 1.8 Gy, five fractions per week. Treatment consisted of 3D
conformal EBRT using a four-field box technique with high
megavoltage photons from a linear accelerator (15-25 MV).
The decision to treat the para-aortic lymph node area was
made based on PET-CT and/or surgical dissection results
when available; otherwise, it was based on nodal features on
CT or MRI scans. Half of the patients had para-aortic lymph
nodedissection, either before treatment, in cases of definitive
radiation therapy, or after treatment, when postradiation
hysterectomy was scheduled, during the same general anes-
thesia. This decision was based on the significant false-nega-
tive rate in the initial workup. Even with PET-CT, which is
considered to be the most effective noninivasive examination
for regional extension, the false-negative rate is 8% [3]. How-
ever, the therapeuticimpactof this dissection remains contro-
versial. After completion of EBRT, patients received 15 Gy of
PDR brachytherapy prescribed to the intermediate risk CTV
(IR-CTV) using the PDR Selectron seed projector (Nucletron;
Veenendaal, The Netherlands). To guarantee the best confor-
mity to the tumor shape and personal anatomy, personalized
vaginal molds were used for nearly all applications. This appli-
cator requires a vaginal impression, which can easily be made
without sedation during an outpatient clinic. The technique
has been detailed elsewhere [4, 5]. Briefly, after a careful clin-
ical examination under general anesthesia focused on the re-
sidual tumor, the cervical canal is gently dilated and a
semiflexible tandem catheter is inserted. Then, the vaginal
mold is inserted into the vagina so that it is flush with the cer-
vix. Vaginal packingis unnecessary with molds. Brachytherapy
planning is detailed in the next section.

In cases of pelvicor para-aorticnode involvement, an EBRT
boost was performed following brachytherapy, takinginto ac-
countthe contribution of brachytherapy evaluated from node
delineation on brachytherapy planning images and dose-vol-
ume histogram generation to reach a total dose of 60 Gy on
macroscopic nodes.

After completion of the treatment, patients were evalu-
ated at 6 weeks with a clinical examination and MRI. In the ini-
tial time period of this study, patients with stage IB or IIA-II1B
disease were systematically referred for a closure hysterec-
tomy, even in cases with a complete response. Also during the
same time period, in cases with a complete response (both
MRI and gynecologic examinations), patients were offered a
randomized study, gynecology (known as GYNECO) 2, evaluat-
ing hysterectomy versus no hysterectomy[6]. Then, inthe sec-
ond period after completion of that study, surgery was limited
to salvage treatment.

Patients were followed up with every 4 months for 3 years,
then every 6 months up to 5 years, and annually thereafter.
For patients who had undergone hysterectomy, no specific
follow-up investigations were performed in the absence of
symptoms. For patients who did not have a hysterectomy,
MRI was performed at least once a year.

IGABT Planning

After implantation, patients were transferred to MRl or CT
scan. For MRI, a 1.5-Tesla machine was used. MRI-compatible
dummy sources were inserted into the catheters to visualize
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the tip position of the sources with accuracy. Fast-spin echo
T2-weighted axial, coronal, and sagittal images were acquired
without contrast enhancement, with a 3-mm slice thickness,
without gap, and with a matrix size of 256 X 224. The images
were transferred to PLATO (Nucletron, Veenendaal, The
Netherlands) or Oncentra Gyn (Nucletron) for delineation. Or-
thogonal x-ray imaging was also performed to check the imag-
ing reconstruction of the catheters. When MRI was not
available or in cases of refusal by the patient, a CT scan was
used for planning purposes. In that situation, axial slices were
acquired (1.5-to 3-mmthick) withiodine-basedi.v. contrastto
enhance the cervix. In both cases, the bladder catheter was
left open during scanning as well as during treatment.

Uterine tandem and vaginal active lengths were deter-
mined according to delineation of target volumes and clinical
examination. Optimization was performed manually with
PLATO, following the GEC-ESTRO recommendations [2, 7].
The aim was to deliver at least 15 Gy to the IR-CTV and a mini-
mum of 80 Gy to the high-risk CTV (HR-CTV). Dose constraints
to OARs were 75 Gy (in 2-Gy dose equivalents [EQD2s]) to the
maximal 2 cm® of the rectum and 85 Gy for the bladder. By
analogy with the rectum, the dose constraint to the sigmoid
colon was 75 Gy. From our experience, additional constraints
were applied: volume of tissue receiving 100% of the pre-
scribed dose (V100%) of 60 Gy =250 cm® and total reference
airkerma =2 cGy/m?when compatible with the probability of
local control. At the end of the procedure, the prescription
wasadaptedtorespectamaximal dose rate of 0.6 Gy per pulse
to OARs, based on results observed with low-dose-rate
brachytherapy. Therefore, the fractionation varied from 30
pulses of 50 cGy/hour to 60 pulses of 25 cGy/hour. The deliv-
ery of brachytherapy was continuous, with hourly pulses, 24
hours aday, and the treatment was started onthe same day as
the applicator insertion. In cases of poor IR-CTV coverage,
brachytherapy could be splitinto two fractions of 7.5 Gy to al-
low tumor regression (10 cases). The use of freehand intersti-
tial needles was limited to two patients, to cover thick
paravaginal involvement. All doses (adding EBRT and brachy-
therapy) were converted into EQD2 using an o/ B ratio of three
for the rectum, bladder, and sigmoid late reactions and 10 for
the tumor, and using a half time repair of 1.5 hours.

Endpoints and Statistics

Overall disease-free survivals, as well as local and pelvic dis-
ease-free survivals, were defined from diagnosis to the date of
last follow-up. Failures were defined as local irrespective of
the localization, whether inside the CTVs (vagina, cervix,
uterus, parametria), regional (pelvic or para-aortic lymph
nodes), or distant metastasis (including ovaries and carcino-
matosis). Local failures were divided into central (cervix, vagina,
uterus) and lateral (parametria). Toxicities were graded accord-
ing to the Common Toxicity Criteria 3.0.

Survival probabilities were calculated according to the Ka-
plan-Meier method and log rank test with TIGRE software
(Benhamou and Wartelle statistics; Institut Gustave Roussy,
Villejuif, France).

RESULTS

One hundred sixty-three patients fulfilled the inclusion crite-
ria. Their characteristics are summarized in Table 1. All pa-
tients received pelvic EBRT, with extended fields in the para-

©AlphaMed Press 2013



418

3D Image-Guided Brachytherapy

Table 2. Dosimetric outcomes

Mahantshetty et al.
This study Potteretal. [12]
PDR (n = 163) HDR (n = 24) HDR (n = 156)

Outcome Median Mean SD Min Max Mean SD Mean SD
V100%, cm? 224.4 223.8 62.6 125.3 490.3
IR-CTV

Volume, cm? 70.6 78.3 40.4 229 357.4

D100, Gy 56.9 56.8 3.8 47.2 69.3

D90, Gy 67.3 67.1 6.4 50.3 95.9
HR-CTV

Volume, cm?® 21.4 27.1 22.4 3.66 208.7 425 15.8

D100, Gy 64.4 64.5 6.9 47.8 86.7 54.1 6.5

D90, Gy 78.6 78.1 9.6 50.9 110.4 70.9 10.6 93 15
Bladder

ICRU 58.6 60.5 8.7 46.3 89.4 80.4 344

Alg 60.5 62.8 7.9 46.6 96.4

0.1cm? 80.2 82.3 13.9 57.6 145.0 139.1 54.7

2cm? 67.9 67.8 6.7 51.5 87.2 93.4 24.6 86 17
Rectum

ICRU 55.2 56.1 4.4 43.2 70.8 63.5 8.1

0.1cm? 66.0 67.5 10 46.7 102.3 66 9.9

2cm? 59.1 58.8 5.9 46.7 73.5 57.8 7.7 65 9
Sigmoid

0.1cm? 66.3 68.1 11.0 473 110.5 109.4 45.2

2cm? 58.2 58.3 5.7 45.8 77.1 74.6 19.6 64 9
Point A

Dxt 68.9 69.0 6.3 Gill5 88.5 73.4 *4.5

Sin 68.2 68.5 6.2 50.9 91.7
Total reference air kerma, cGy/m? 1.77 1.78 0.35 0.89 3.06

All data are shown in 2 Gy dose equivalents, cumulating EBRT and BT, and using a linear quadratic model with &/ ratio of 10 for CTVs and A points

and a/3 of 3 for bladder, sigmoid, and rectum (repair half time=1.5 h).

Bold font indicates most important values, which are commonly used in daily clinics (not to explain).

Abbreviations: Alg, point located 1.5 cm above the bladder point parallel to the tandem; CTV, clinical target volume; D90, dose delivered in 90% of
the indicated volume; D100, dose delivered in 100% of the indicated volume; Dxt, dexter (right); HR-CTV, high-risk CTV; ICRU, International
Commission on Radiation Units and Measurements; IR-CTV, intermediate-risk CTV; Max, maximum; HDR, high dose rate; Min, minimum; PDR,
pulsed dose rate; SD, standard deviation; Sin, sinister (left); V100%, volume of tissue receiving the prescribed dose (15 Gy).

aorticareain 17.1% (n = 28) and in the inguinal area in 3% of
cases. Concomitant chemotherapy was delivered to 90% of
the patients, primarily with weekly cisplatin (91.2%). Forty-
five Gy in 25 fractions at 1.8 Gy per fraction was delivered in
90% of cases. MRI was used to guide brachytherapy in 88.3%
of cases,and CT was used forthe remaining 11.7% of the cases.

Postradiation hysterectomy was performed in 61 cases
(37%), and pathology was available for 59 cases. Complete his-
tological response was achieved in 64.4% of cases, micro-
scopic (=1 cm) or indeterminate residual disease was
observedin 13.6% of cases, and macroscopic residual disease
(>1 cm) was observed in 22% of cases. Among the patients
withmacroscopicresidual disease, 50% were initially assessed
as stage 1B (8.4% of the included patients with 11B lesions),
14% were initially assessed as stage IIA (20% of all stage I1A pa-
tients), and the remaining 35% were initially assessed as stage
IB (13.9% of all stage IB patients). Squamous cell carcinomas
represented 57% of cases, 36% were adenocarcinomas, and
7% had adenosquamous histology. The median volume at di-
agnosis was 50.5 cm? (range, 8.3-95.5 cm?®), and 14% of pa-
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Local: 26.4%

8.8% (n=4)

Metastatic: 68.7% Regional: 44.4%

Figure 1. Pattern of relapses.

tients had a cone biopsy before treatment (including a patient
with minimal volume).

EQD2s to CTVs and OARs are summarized in Table 2, as
well as doses to International Commission on Radiation Units
and Measurements bladder and rectum points and to point A.
The median IR-CTV and HR-CTV D90 (dose delivered in 90% of

O%ecologist“



Mazeron, Gilmore, Dumas et al. 419

100 L —

(%)

.».’. Radesd - - +
90 A
+— local control
80 1 Pelvic control
—+— Overall sunival
DFS
L e
60 . . : . \
0 6 12 18 24 48  (Months)

Figure 2. Overall and disease-free survival (DFS) probabilities and local and pelvic control rates.
Table 3. Toxicities according to the Common Toxicity Criteria 3.0
Toxicity Grade 1, % (n) Grade 2, % (n) Grade 3, % (n) Grade 4, % (n)
Rectal or bowel 33.7 (55) 5.5(9) 2.5 (4) 2.5 (4)
Urinary 22.1(36) 49 (8) 3.7 (6) 0
Fibrosis 13.5 (22) 7.4 (12) 0 NA
Vaginal 6.1 (10) 9.2 (15) 1.8 (4) NA
Dyspareunia 12.3 (20) 3.1 (5) 0 NA
Other 14.7 (24) 3.7 (6) 0.6 (1) 0

Otherincludes limb edema, hot flashes.
Abbreviation: NA, not applicable.

the indicated volume) values were 67.3 Gy (range, 50.3-95.9
Gy) and 78.6 Gy (range, 50.9-110.4 Gy), respectively. The me-
dian minimal doses to the maximal exposed 2 cm?® of the rec-
tum, bladder, and sigmoid were: 58.8 Gy (range, 46.7-73.5
Gy), 67.9 Gy (range, 54.5—-87.2 Gy), and 58.2 Gy (range, 47.8—
77.1 Gy), respectively. The mean V100 (volume that receives
100% of prescribed dose) was 224.5 = 62.6 cm?(range, 125.3~
490.3cm’).

The median follow-up was 36.9 months (range, 6.7-85.5
months). At the time of analysis, 125 patients were alive and
38 had died, 35 as a result of their malignancy. Sixty-three
events were recorded, involving 45 patients (Fig. 1). Among
the 12 local relapses reported, five were central, three
were lateral, and four were both lateral and central. Four
patients had isolated local relapses. Of these, only one was
eligible for curative salvage treatment (complete exenter-
ation). That patient had a postradiation hysterectomy and
relapsed in the vaginal cuff. The remaining three patients
had pelvic side wall invasion and were unsuitable for cura-
tive surgery.

Nineteen regional events were reported: eight in pelvic
nodes, eight in the para-aortic area, and three in the both
pelvic and para-aortic areas. Thirty-two patients had dis-
tant metastasis, 68.7% of all relapses. Of these, half were
isolated.
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The 3-year overall and cancer-specific survival rates for
the whole series were 76% and 78%, respectively. Local and
pelvic control rates were 92% and 86%, respectively, at 3years
(Fig. 2). The local control rate for patients with stage | or stage
Il disease was 93% at 3 years, versus an 81% local control rate
for patients with stage Ill and stage IV tumors (p = .202). The
local control rate was 97% for tumors <5 cm width, 91% for tu-
mors =5 cmto <6 cm, and 81% for tumors =6 cm (p = .036).
The mean dose to 90% of the HR-CTV in patients who relapsed
locallywas 76.1 = 3.9 Gy, versus 78.3 * 9.9 Gy for the remain-
ing patients (p = .46).

Three hundred six late toxicity events were reported, con-
cerning 125 patients (76.7%) (Table 3). The majority of events
were grade 1 or 2. One third of the patients reported grade 1
gastrointestinal disorders, mainly diarrhea, and slightly >20%
reported grade 1 urinary toxicities. Grade 2 late gastrointesti-
nal and urinary toxicities were reported in 10% and 8% of pa-
tients, respectively. Fourteen grade 3 or 4 events were
reported, affecting 12 patients (7.4%). There were six grade 3
urinary events: four fistulae and two hydronephroses. Of the
eight gastrointestinal events, two fistulae and six bowel ob-
structions were reported. Among the 12 patients who had at
least one grade 3 or 4 toxicity, nine had a postradiation hyster-
ectomy (75%). Other toxicities, such as hot flashes and limb
edema, are reported as “other.”
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Table 4. Comparison of dosimetric outcomes among three time periods

Outcome Present study EMBRACE®
n of patients 45 [14] 119° 40
Period 2004-2006 2006-2009 2009-2010
Point A 716 67.7 £ 6.8 727 £5
HR-CTV

Volume 36 = 35 24 + 14 30 + 18

D90 75 = 10 79 9 81 *+10
IR-CTV

Volume 90 £ 22 74 £ 22

D90 64 + 8 68 6 69 =5
Bladder

ICRU 64 +9 59 61 + 10

2cm? 72+ 6 66 = 69 =8
Rectum

ICRU 67 =8 56 £ 4 63 £ 7

2cm? 61 + 59 + 6 60 = 6
Sigmoid

2cm? 61 +6 58 +5 59 + 6
Surgery 58% 29% 0%
Grade 3 or 4 gastrointestinal or genitourinary toxicity 11.1% 5.8% 7.5%
Local control 100% 90% 90%

All data are shown in 2 Gy dose equivalents, cumulating EBRT and BT, and using a linear quadratic model with /(3 ratio of 10 for CTVs and A points

and a/B of 3 for bladder, sigmoid, and rectum (repair half time = 1.5 h).

Bold font indicates most important values, which are commonly used in daily clinics (not to explain).
#0One patient from our previous publication was excluded from this series because they were lost to follow-up.

bProspective study.

Abbreviations: HR-CTV, high-risk clinical target volume; ICRU, International Commission on Radiation Units and Measurements; IR-CTV,

intermediate-risk clinical target volume.

DISCUSSION

CCRT is considered to be the standard local treatment for
LACC. However, in certain countries, such as France, system-
atic postradiotherapy radical hysterectomy mainly for stage
IB2 and stage Il cervical cancer remains a common practice.
The role of this surgery has been debated for a long time de-
spite the lack of evidence that postradiation hysterectomy im-
proves outcomes [8].

Inrecentyears, the advent of CCRT and IGABT has dramat-
ically increased complete histological response rates [9].
Classe et al. [10] reported a 38% complete histological re-
sponse rate in a large multicentric series including stage IB to
stage IVA lesions, whereas we report a 64% response rate in
this series. In addition, in eight patients (13%), the specimen
contained only microscopic disease or an uncertain remnant,
and we can assume that these patients would have achieved a
complete response later on. This high rate of complete histo-
logic response was a strong argument to challenge the need
for hysterectomy. Furthermore, the outcomes of patients
with residual disease seem to be poor. The presence of resid-
ual diseaseinthe cervix after hysterectomyis knownto be pre-
dictive of relapse [11]. Furthermore, in another series of 10
patients with macroscopic residual disease after hysterec-
tomy, we reported very poor outcomes, with most patients
dying as a result of distant metastasis, which raises the rele-
vance of achieving local control in this specific situation, espe-
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cially when considering the high rate of severe morbidities
related to surgery in irradiated tissues [12].

Another concern is morbidity. Postradiation surgery is dif-
ficult and clearly adds morbidity. In a review, the rate of grade
2 or 3 toxicities was evaluated as 15%—46% after chemoradia-
tion, according to the Franco-Italian glossary [10]. In our se-
ries, the severe morbidity rate for patients who had a
hysterectomy after IGABT following chemoradiation was
nearly 15%, which is significantly higher thantherate forthose
who exclusively had radiation therapy (2.9%; p = .005). In the
context in which hysterectomy did not show any superiority
over exclusive radiotherapy, morbidity is a strong argument
against systematic postradiation surgery. Some could argue
that poor responders to EBRT could be candidates for imme-
diate surgery instead of brachytherapy, but so far no evidence
supports this idea. The GEC-ESTRO recommendations take
into account the response to EBRT, and poor responders have
larger CTVs to be covered at the time of brachytherapy. In this
situation, interstitial brachytherapy appears to be effective at
reaching the dose objectives by enlarging isodoses in the
parametria, as shown in the series by Potter et al. [13], in
which local control remained high even for bulky lesions. The
prospective study led by GEC-ESTRO aims to identify poor re-
sponders to adapt the brachytherapy plan.

Toresolvethe debateregarding therole of post-treatment
hysterectomy, we designed a multicentric randomized study,
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GYNECO 2. The aim was to assess the addition of hysterec-
tomy to the treatment of patients with stage I-ll cervical can-
cerin complete remission following CCRT and brachytherapy.
Unfortunately, the trial was closed early because of poor ac-
crual, but 60 patients were included and no difference was re-
ported between the two arms. Since that study closure, we
have abandoned the use of hysterectomyin the absence of re-
sidual disease. Hysterectomy is still performed in selected
cases of incomplete remission, after detailed clinical and ra-
diologic evaluations, including MRI and PET.

Those three facts (the absence of scientific evidence that sys-
tematic hysterectomy could improve local control, high histolog-
ical complete response rate after IGABT, and greater morbidity
resulting from postradiation hysterectomy) ended the system-
aticuse of that surgery. This isillustrated in Table 4, which shows
the continuous decrease in the rate of hysterectomy over three
time periods (2004-2006 [14], 2006—2009, and from 2009 on-
ward), without a decrease in local control. At the same time, we
were able to raise the dose delivered to tumors by 6 Gy for the
HR-CTV while maintaining a similar or lower dose to OARs.

The high rate of complete histological response led us to
limit hysterectomy to salvage treatments for patients with re-
sidual disease. To improve the rate of complete response, inter-
stitial brachytherapy is an option. The aim is to add interstitial
needles to enlarge the isodoses and improve the coverage of dis-
tal invasion of the parametria. In the series by Potter et al. [13],
47% of the patients were treated with this technique.

Several dosimetric studies have previously shown a clear
advantage of IGABT in escalating doses delivered to tumors,
but so far limited clinical data are available. The largest series
on IGABT was published by Potter et al. [13], with 156 patients
treated with high-dose-rate (HDR) MRI-guided brachyther-
apy. They obtained complete remission in 97% of patients.
The overall local control rate was 95% at 3 years, and it re-
mained high at 92% for patients with bulky lesions >5 cm.
Grade 3 or4toxicitieswerereportedin 7.1% of patients, which
couldappearsurprisinginview of the doses delivered to OARs,
which were higher than ours by 10-15 Gy to the maximal 2
cm? of the OAR, but none of these patients had undergone
hysterectomy. Mahantshetty et al. [15] reported promising
resultsinasmall cohort of 24 patients treated with MRI-based
HDR brachytherapy. Despite the fact that half of the patients
(n = 12) were diagnosed with stage lllb lesions, only one pa-
tient relapsed in the cervix, after 24 months of follow-up [15].

However, higher level evidence is required. No random-
ized controlled trial comparing IGABT with conventional
brachytherapy has been led. However, Potter et al. [16] pub-
lished a comparison of two cohorts of patients treated in
1998-2000 and 2000-2003. During the later treatment pe-
riod, the investigators applied the concept of risk volumes
with IGABT, whereas they did not in the previous period. They
showed betterlocal control during the later treatment period,
which was significant for bulky lesions (>5 cm): 82%, versus
64% in the earlier period, with an absolute overall survival
benefit for patients with a tumor >5 cm, 58% versus 28% (p =
.003). They also reported a lower rate of severe late effects
with the use of modern brachytherapy thanin their earlier ex-
perience (6% versus 13%). Other evidence comes from the
nonrandomized prospective French trial Soutien aux Technol-
ogies Innovantes et Couteuses (STIC) [17]. Three cohorts (pre-
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operative brachytherapy for stage 1B1 lesions, radiotherapy
followed by surgery, or exclusive radiation therapy for locally ad-
vanced disease) were reported, in which patients could be
treated either using IGABT or using 2D low-dose-rate brachyther-
apy. In each group, the local control rate was higher, by 8.3% and
4.6% in the radiosurgery and exclusive radiotherapy groups, re-
spectively. At the same time, grade 3 or 4 toxicity rates were
lower in patients treated with IGABT, by 3.7% and 20.1%, respec-
tively.

To provide a higher level of evidence, a large database,
retro-EMBRACE, was created by pooling our data with Pétter’s
data and with data from other institutions such as Aarhus,
Utrecht, Cambridge, and Mumbai. The aim is to provide ma-
ture data on outcomes and toxicities fromalarge series [18]. A
higher level of evidence will be reached with the EMBRACE
trial, a prospective study led by the GYN GEC-ESTRO members.
Seven hundred patients have been included so far and 1,000
are awaited. Beyond outcomes, this study will also address
several other unanswered questions, such as: what is the cor-
relation between the dose delivered and tumor control or
morbidity [19]?

With the use of such an effective local treatment, distant
failures become the first failures, although CCRT led to better
distant control. Among the studies included in the meta-anal-
ysis, two used adjuvant cycles of chemotherapy in addition to
CCRT. Taken apart, they were highly positive, raising the ques-
tion of the value of adjuvant chemotherapy [20]. Duefias-
Gonzdlez et al. [21] recently showed the superiority of
cisplatin- and gemcitabine-based chemoradiation with two
adjuvant cycles of gemcitabine and classic chemoradiation.
Unfortunately, itis not possible to sort out the adjuvant effect
of gemcitabine from its concomitant effect. However, the Gy-
necologic Oncology Group is starting a randomized study on
adjuvant chemotherapy in high-risk patients (three cycles of
carboplatin plus paclitaxel), the OUTBACK study [22]. Work on
improving radiosensitization with new agents is also in prog-
ress. Targeted therapy (e.g., cetuximab) and gemcitabine are
promising, but still in development. With thatin mind, we are
completing a phase | study evaluating a combination of cido-
fovir, anantiviral agentinterfering with human papillomavirus
DNA polymerase, shown to be a radiosensitizer, with plati-
num-based chemoradiation [23].

CONCLUSION

Image-guided PDR brachytherapy provides good local control
after CCRT in patients with LACC with an acceptable level of
late toxicity. These results led us to abandon systematic radi-
cal hysterectomy, which clearly adds unacceptable morbidity
to patients free from residual disease, given the the high rate
of complete response. Postradiation hysterectomy is there-
fore limited to patients with residual disease after radiation or
with central relapses. Thelocal control rate reported in this se-
ries, 92%, decreases with tumor width and could potentially
be improved with the use of interstitial brachytherapy, which
is indicated for poor responders after EBRT. The high rate of
distant metastasis as the first relapse underlines the need for
more aggressive systemic treatments such as adjuvant che-
motherapy or the addition of novel systemic agents.
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