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ORIGINAL ARTICLE

MRI-guided adaptive radiotherapy in locally advanced cervical cancer
from a Nordic perspective

JACOB CHRISTIAN LINDEGAARD!, LARS ULRIK FOKDAL!, SOREN KYNDE NIELSEN?,
JENS JUUL-CHRISTENSEN? & KARI TANDERUP!2:?

I Department of Oncology, Aarhus University Hospital, Aarhus, Denmark, >Department of Medical Physics, Aarhus
University Hospital, Aarhus, Denmark, and 3Institute of Clinical Medicine, Aarhus University, Aarhus, Denmark

Abstract

Background. The first Nordic protocol for three-dimensional (3D) planned radiotherapy in locally advanced cervical cancer
was the prospective NOCECA study (1994-2000). NOCECA consisted of computed tomography (CT)-based 3D con-
formal external beam radiotherapy (EBRT) with a simultaneous integrated boost (SIB) to the primary tumour combined
with brachytherapy (BT) based on x-ray imaging. In NOCECA the planning aim was to achieve 80 Gy at point A from
EBRT and BT combined. However, the balance of dose between EBRT and BT was determined by tumour size at diag-
nosis with more EBRT dose given to point A and less by BT in more advanced stages. In 2005 image-guided adaptive
brachytherapy (IGABT) based on magnetic resonance imaging (MRI) and optimisation of the BT dose distribution to the
remaining tumour and cervix at time of BT (HR CTV) was introduced in Aarhus. EBRT remained like in NOCECA until
2008 when the SIB to the primary tumour was abandoned and IMRT was introduced as routine technique. In this study,
we report outcome of our first five-year experience with IGABT using our NOCECA cohort as reference. Marerial and
methods. The NOCECA cohort comprising 99 patients was compared with 140 consecutive patients treated by IGABT.
Patients with para-aortic nodes were excluded in NOCECA but were present in 9% of the patients treated with IGABT.
No patient in NOCECA received chemotherapy whereas concomitant cisplatin was given to 79% of the IGABT patients.
Results. With IGABT actuarial local control was 91% at three years. When comparing NOCECA with IGABT overall
survival was significantly improved from 63% to 79% (p=0.005). In parallel, both moderate and severe late morbidity
were reduced by about 50% (p=0.02). Conclusion. Introduction of IGABT reduced morbidity and generated a very high
rate of local control, which likely has improved survival by at least as much as concomitant chemotherapy.

The treatment of locally advanced cervical cancer has
for more than half a century been composed of pelvic
external beam radiotherapy (EBRT) followed by
intracavitary brachytherapy (BT), most often pre-
scribed at point A [1-5]. Realising the importance of
local control [6,7] and the limited capabilities of stan-
dard point A-based BT in extensive disease, a Nordic
protocol for computed tomography (CT)-based
EBRT in locally advanced cervical cancer NOCECA)
was initiated in 1994. NOCECA was quite advanced
for its time including three-dimensional (3D) target
contouring and treatment planning. NOCECA also
employed a simultaneous integrated boost (SIB) to
the primary tumour and uterus. The planning aim in
NOCECA was to reach a cumulative physical dose

by EBRT and BT of 80 Gy to point A within a short
overall treatment time (6—7 weeks). Intracavitary BT
was used based on standard loading and imaging of
the implant was limited to orthogonal x-rays. In
NOCECA radiotherapy was changed towards more
EBRT and less BT dose to point A in tumours = 8 cm
at diagnosis.

In the period from 1994 to 2000 NOCECA
accrued 631 patients from 10 Nordic centres includ-
ing 99 patients from Aarhus. Apart from an abstract
NOCECA was never published, even though sur-
vival in the NOCECA study was comparable to the
experimental arms in similar American studies with
concomitant chemotherapy [8—-10]. NOCECA has
perhaps for this reason strongly influenced the
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Nordic approach to the treatment of locally advanced
cervical cancer and the basic concept is still used in
the Nordic countries, but nowadays together with
concomitant chemotherapy.

Since the times of NOCECA it has been realised
that even large cervix tumours may regress signifi-
cantly during the first 2-3 weeks of radiochemo-
therapy whereas others have poor response [11,12].
In addition, magnetic resonance imaging (MRI)
including functional sequences performed before
and during radiotherapy has shown potential for
providing important predictive information [13,14].
This adds time as a fourth dimension to the possi-
bilities for individualised adaptation of BT dose
delivery. In fact, locally advanced cervical cancer has
been shown to be a prime candidate and model
example for 4D adaptive radiotherapy [15]. The
major breakthrough came in 2005 with publication
of the 4D target concept for image-guided adaptive
brachytherapy (IGABT) by GEC ESTRO, address-
ing the residual GTYV, the cervix and remaining
tumour at time of BT defined as the high risk clini-
cal target volume (HR CTV). The tumour volume
at diagnosis was also taken into account and included
in the so called intermediate risk volume (IR CTV).
Functional MRI has been able to identify distinct
tissue characteristics for the GEC ESTRO target
structures [16] supporting the concept and the idea
of delivering specific doses to different volumes
according to risk of remaining tumour cells at time
of BT [17,18]. Several studies have shown that
IGABT is able to selectively deliver very high doses
(>90 Gy) to the HR CTYV leading to an improved
therapeutic ratio [19-25].

In late 2005 MRI-based IGABT was introduced
in Aarhus. Initially the 3D conformal EBRT compo-
nent from NOCECA was combined with MRI-
guided 4D intracavitary BT [26]. Later combined
intracavitary/interstial BT was introduced and the
SIB delivered by EBRT was abandoned, resulting in
an almost even balance of doses delivered from
EBRT and BT to the HR CTV [12,27]. The aim of
the present paper is to analyse the implementation
of IGABT and to quantify the clinical outcome in
the first 140 patients treated 2005-2011 in a Nordic
perspective with the Aarhus contributionto NOCECA
as reference.

Material and methods
Patients and staging

This analysis includes 99 patients accrued from
February 1994 to March 2000 to the NOCECA
study and 140 consecutive patients treated with
IGABT from November 2005 to February 2011.
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Five patients were not included in the IGABT cohort:
three patients with uncertainty concerning the origin
of the tumour (transitio-cellular or clear cell carcino-
mas) and two patients where distant metastases were
diagnosed during treatment.

In both cohorts FIGO staging was based on
gynaecological examination in general anaesthesia
performed jointly by gynaecologist and oncologist
[28]. NOCECA included patients with stage IIB—
IVA disease, but excluded patients with pathologi-
cally enlarged para-aortic nodes on CT. In the
IGABT cohort the patients were additionally inves-
tigated using MRI of the pelvis and FDG positron
emission tomography (PET)-CT.The IGABT cohort
also included patients with stage I disease referred
for primary radiochemotherapy because of age, med-
ical inoperability or positive nodes. In addition,
patients with PET positive para-aortic nodes and
patients treated with neoadjuvant chemotherapy due
to extensive loco-regional disease at presentation
were part of the IGABT cohort. Pathological verifi-
cation of squamous cell carcinoma, adenocarcinoma
or adeno-squamous cell cancer was obtained in all
patients in both cohorts.

Treatments used in NOCECA

The patients included in NOCECA were treated
according to tumour size at diagnosis. Type I was used
in tumours <8 cm (primarily stage IIB) and con-
sisted of 45 Gy/25 fx whole pelvic 3D conformal
EBRT to the L4-L5 interspace (CTV-P) using AP-PA
or four-field box technique with a SIB to the primary
tumour and uterus (CTV-U) reaching 50 Gy/25 fx
by lateral opposed fields. The doses were specified to
the ICRU reference point in the central pelvis. In
addition 3 fractions of 10 Gy to point A using intra-
cavitary medium dose rate (MDR) or pulsed dose
rate (PDR) BT was given with a maximal overall
treatment time of six weeks including BT. Type 2 was
used for tumours =8 cm (mainly stage IIIB). CTV-P
was treated with 45 Gy/25 fx and CTV-U with 50
Gy/25 fx. In addition a subsequent boost of 10 Gy/5
fx were delivered to the CTV-U using the lateral
opposed fields. BT consisted of 2 fractions of 10 Gy
to point A, delivered within a maximal OTT of seven
weeks. Type 3 was used in patients not suitable for
intracavitary BT giving 50.4 Gy/28 fx to CTV-P and
56 Gy/28 fx to CTV-U plus a succeeding boost of 24
Gy/12 fx using the (if possible reduced) lateral
opposed fields. The protocol did not specify a dose or
technique for boosting of pathological pelvic nodes
for any of the NOCECA types of EBRT. In Aarhus
60 Gy was usually delivered in 2 Gy fractions as a
SIB given either via the lateral fields used for the
CTV-U or by separate AP-PA portals.



1512 %. C. Lindegaard et al.

BT based on x-ray imaging was originally deliv-
ered by MDR caesium tube-and box system with
a dose rate of about 1 Gy/h at point A. PDR after-
loading with plastic tandem-ring intracavitary (IC)
applicators (GammaMed, Varian) was introduced
in 1996 closely imitating the same average dose
rate and point A-based pear-shaped dose distribu-
tion (standard plan) as obtained with the caesium
tube and box system [26,27,29]. For each PDR
fraction 10 hourly pulses of 1 Gy to point A were
delivered.

Treatments used for the IGABT cohort

Originally the NOCECA type 1 or type 2 combina-
tions of EBRT and BT were used for IGABT. How-
ever, from 2008 IMRT and later VMAT were
gradually replacing 3D conformal EBRT and the
SIB to the tumour and uterus (CTV-U) was aban-
doned (Table II). Instead patients with no patho-
logical nodes received 45 Gy/25 fx to the whole
pelvis (CTV-E) and patients with pathological nodes
received 50 Gy/30 fx to CTV-E and a SIB of 60
Gy/30 fx to all pathological node(s) (CTV-N). A vol-
ume was generated around the GTV at the cervix
with a 1 cm isotropic margin to ensure a homoge-
nous dose in the central pelvis where BT was later
applied. The para-aortic region to the level of L1-1.2
was included in CTV-E if pathological nodes were
present at the common iliac region or higher. In these
cases the para-aortic part of CTV-E was treated with
45 Gy/30 fx.

BT was delivered with the same PDR after-
loader and basic tandem-ring plastic IC applicator
as used in the NOCECA group, but the applicator
was supplemented with a needle cap for titanium
or plastic needles when a combined intracavitary-
interstitial (IC/IS) was neccesary [12,26,30,31].
Concurrently the implant strategy was changed
using the first implant (BTO0) only for the purpose
of preplanning of the subsequent two implants
(BT1 and BT2) where the BT doses was then
delivered in 15-20 hourly pulses [12]. MRI with
the applicator in situ was performed for each
implant. T1 sequences were used for applicator
reconstruction. Contouring of targets and organs
at risk as well as dose optimisation was performed
on T2-weighted sequences. The combined dose of
EBRT and BT was calculated using simple DVH
parameter addition [32] and the concept of equiv-
alent dose in 2 Gy fractions (EQD2) of the linear
quadratic model assuming o/f =10 for tumour,
0/B=3 for organs at risk and a repair half-
time = 1.5 h [17]. BT dose prescription was from
the beginning based on the GEC ESTRO target
concept [17,18] with a planning aim of reaching a

D90 of at least 85 Gy (EQD2) to HR CTV and
60 Gy (EQD2) to IR CTV [27]. For organs at risk
the DVH constraints were 90 Gy (EQD2) for D2 cm?®
of bladder and 75 Gy (EQD2) to D2 cm? of rectum
and sigmoid. In 2009 the constraint for rectum and
sigmoid was lowered to 70 Gy (EQD?2).

Weekly concomitant cisplatin 40 mg/m? was given
to all patients with sufficient kidney and bone mar-
row function. Neoadjuvant chemotherapy employing
2—4 courses of cisplatin, ifosfamide and 5FU were
given in case the loco-regional tumour burden was
found to be too extensive for initial definitive
radiochemotherapy [33].

Follow-up and staristical analysis

In NOCECA the patients were followed prospec-
tively with gynaecological examination every three
months the first year, every six months in year 2-3
and every 12 months in year 4-5. Imaging was not
routinely performed and MRI and PET-CT not gen-
erally available. Morbidity was scored by use of the
RTOG scale [34]. Patients treated with IGABT
were followed using of the same follow-up intervals.
All patients were routinely scanned with MRI and
PET-CT at three month follow-up and again with
MRI at 12 months follow-up. MRI and PET-CT was
also performed in case a recurrence was suspected.
Morbidity was scored prospectively either using the
RTOG scale or by the CTC v 3.0 for patients
included in the Embrace study [35,36]. For the
present paper the CTC scores were retrospectively
evaluated and assigned a corresponding score in the
RTOG system as close as possible. The present
paper is based on data analysis performed in 2000
for NOCECA [29] and in 2012 for IGABT [37]
both having a median follow-up time of about
three years.

The patient and tumour characteristics for the
NOCECA and IGABT groups were compared using
a >-test or t-test. Actuarial estimates of disease con-
trol, survival and morbidity were calculated using
Kaplan-Meier statistics. For the actuarial analysis of
tumour control, patients without recurrence were
censored at last follow-up or date of death. All
patients with recurrent disease at time of death were
considered dead from cervical cancer. Actuarial
morbidity was analysed as morbidity grade 1 or
worse, grade 2 or worse, and grade 3 or worse.
Patients were censored from the analysis of morbid-
ity in case of a recurrence or death. The log-rank test
was used to test the equivalence of estimates of
survival and complications for NOCECA and IGABT.
A probability <0.05 (two-sided) was considered to
indicate significance. Correction for mass significance
was not performed.



Results

Stage distribution, tumour size and lymph node
involvement were different in the NOCECA and
IGABT groups (Table I). FIGO stage IIB was the
most common stage in both groups, but stage IB
and IVA were more common in the IGABT group
and stage IIIB more common in the NOCECA
group. Clinical tumour size at diagnosis was larger
for the NOCECA group by about 1 cm. Pelvic
nodal involvement was not recorded in NOCECA,
but in the IGABT group pathological nodes on
imaging were found in the pelvis in 41%, and in the
para-aortic region in 9% of the patients. No sig-
nificant difference was found in the distribution of
histological subtypes.

Para-aortic EBRT was administered in 13% by
IMRT in the IGABT group and altogether IMRT
was used in 39% in this group (Table II). The
NOCECA EBRT techniques type 1 and 2 were used
in 38% of the IGABT patients. The dose delivered
by EBRT to the central pelvis was nonetheless 7 Gy
less for the IGABT group compared to the NOCECA
cohort (p<0.001). In the NOCECA group about
half of the BT was delivered with caesium and half
with PDR afterloading. Ten patients were treated
with EBRT only because BT was not possible. All
patients in the IGABT group were treated with BT.
In 98% of the cases contouring and treatment plan-
ning of BT was based on MRI. Combined IC/IS
technique was used in 43% of the IGABT patients.
Chemotherapy was only administered to the IGABT
patients. Concomitant cisplatin was given to 78%
and neoadjuvant chemotherapy to 7% of the IGABT
patients. Treatment was completed in all patients in
the IGABT group. Two patients did not complete
treatment in the NOCECA group, one because of

Adaprtive radiotherapy in cervix cancer 1513

lethal bleeding and one because of deteriorating
general condition. Overall treatment time (including
BT, but excluding neoadjuvant chemotherapy) was
significantly shorter with NOCECA than with
IGABT. However, overall treatment time =55 days
was realised for 92% and 94% of the patients for
IGABT and NOCECA, respectively.

Evidently there are no DVH parameters avail-
able for the cumulative dose of EBRT and BT in
the NOCECA cohort. However, in Figure 1A the
impact of optimisation of a standard point A-based
BT plan as used in NOCECA is demonstrated in
the first 70 patients of the IGABT group treated
2005-2008. With a standard BT dose distribution
the planning aims for targets and OARs were ful-
filled in 15 patients (27%). The effect of BT opti-
misation is demonstrated in Figure 1B. In the first
70 patients we were able to fulfil the planning aim
and respect the DVH constraint in 56 patients
(80%). In parallel with the more widespread use of
the IC/IS BT technique (increasing from 39% to
47%) the dose distribution and DVH parameters
were further improved in the 70 patients treated
2009-2010, with 65 (93%) patients achieving both
the planning aim (HR CTV D90>85 Gy) and
respecting the OAR constraints (D2 cm? bladder
<90 Gy, D2 cm? rectum & sigmoid <75 Gy). The
DVH parameters of the IGABT group in terms of
EQD2 of the cumulative EBRT and BT dose are
given in Table III. The ICRU rectal point dose and
the D2 cm? for bladder, rectum and sigmoid were
all significantly lowered by 2—-6 Gy when comparing
the first and the last 70 consecutive patients of the
IGABT group. There was no change in dose to the
ICRU bladder point and D90 of HR CTV and only
a minor decrease in the D90 of IR CTV.

Table I. Patient and tumour characteristics for two cohorts treated with either MRI-guided IGABT or
x-ray-based BT (NOCECA) at Aarhus University Hospital for locally advanced cervical cancer.

Cohort IGABT NOCECA p-value
Number of patients 99
Follow-up, years (mean, range) 3.0 (0.5-6.5) 2.9 (0.1-5.4) 0.59
Age, years (mean, range) 56 (27-84) 61 (28-80) 0.34
FIGO (%) <0.001

1B 14 (10%) 0

IIA 6 (4%) 0

1IB 79 (56%) 55 (56%)

IITA 8 (6%) 1 (1%)

B 27 (20%) 42 (42%)

IVA 6 (4%) 1 (1%)
Tumour size, cm (mean, range) 6 (2-11) 7 (2-12) <0.001
Histology (%) 0.35

Squamous cell 116 (83%) 88 (89%)

Adenocarcinoma 17 (12%) 9 (9%)

Adeno-squamous 7 (5%) 2 (2%)
Pelvic nodes 58 (41%) NA -
Para-aortic nodes 12 (9%) 0 0.003
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Table II. Treatment characteristics for the IGABT and NOCEAC cohorts of patients with locally
advanced cervical cancer treated at Aarhus University Hospital.

Cohort IGABT NOCECA p-value
EBRT target

Pelvis 122 (87%) 99 (100%) <0.001
Pelvis and para-aortic region 18 (13%) 0

EBRT technique

3D conformal 86 (61%) 99 (100%) <0.001
IMRT 54 (39%) 0

EBRT dose and fractionation

Type 1: 50/45 Gy in 25 fx 44 (31%) 47 (48%) <0.001
Type 2: 50/45 Gy in 25 fx+ 10 Gy/5 fx 10 (7%) 42 (42%)

Type 3: 50/56 Gy in 28 fx + 24 Gy/12 fx 0 10 (10%)

45 Gy/25 fx (no nodes) 40 (29%) 0

50 Gy/30 fx (nodal SIB 60 Gy/30 fx) 46 (33%) 0

EBRT dose

Whole pelvis, Gy (mean, SD) 46 £2 45+ 4 0.11
Central pelvis, Gy (mean, SD) 49+ 4 56+9 <0.001
BT prescription and imaging

Point A, x-ray 0 89 (100%)* <0.001
HR CTV, CT 3 (2%) 0

HR CTV, MRI 137 (98%) 0

BT source and applicator

Caesium tube and box, IC 0 43 (48%) <0.001
1r192 (PDR), IC 80 (57%) 46 (52%)

1r192 (PDR), IC/IS 60 (43%) 0

Chemotherapy

Concomitant 110 (79%) 0 <0.001
Neoadjuvant 10 (7%) 0 0.007
Owerall treatment time

EBRT+ BT, days (mean, range) 47 (36-70) 44 (34-63) <0.001

*10 NOCECA patients did not receive BT (EBRT Type 3).

With IGABT we observed five patients with
incomplete local remission and six patients with
local recurrence, i.e. within the HR CTV and/or IR
CTYV volume. In Figure 2 the D90 to the HR CTV
is shown as a function of HR CTV volume. The HR
CTYV volume was significantly larger and the D90
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of HR CTYV significantly lover (p =0.002) in the
patients with local failure. Thus, HR CTV D90 was
less than 90 Gy in all local failures and only two
patients with a local failure had a HR CTV volume
smaller than 30 cm?. The actuarial local control
at three years for the IGABT patients was 91%
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Figure 1. Cumulative dose (EQD2) of EBRT and IGABT in terms of D2 cm? to the sigmoid plotted as a function of the D90 to the HR
CTV. DVH parameters for a standard point A-based plan for the first 70 consecutive patients (2005-2008) is shown in panel A. Optimised
DVH parameters actually used for treatment in all 140 patients are given in panel B divided into the first 70 patients treated 2005-2008
(grey circles) and the last 70 consecutive patients treated 2009-2011 (white circles). The planning aim of 85 Gy to D90 of HR CTV and
the DVH constraints of first 75 and later 70 Gy are indicated by dotted lines.
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Table III. DVH parameters for EBRT and BT calculated in EQD2 (mean, range) for 140 consecutive
patients treated with IGABT in the period 2005-2011 at Aarhus University Hospital. The DVH
parameters for the 70 first and 70 last consecutively treated patients are given in separate columns. In
addition, standard point A-based DVH parameters are given for the first 70 patients treated 2005-2008.
Number of patients fulfilling the planning aim (HR CTV D90 > 85 Gy, D2 cm® bladder <90 Gy and

D2 cm? rectum and sigmoid <75 Gy) are also indicated.

Treatment period 2005-2008 2005-2008 2009-2011 p-value
standard optimised optimised first vs. last

HR CTV D90 (Gy) 92 (62-132) 91 (72-107) 91 (69-102) 0.82

IR CTV D90 (Gy) - 69 (60-78) 67 (60-73) 0.037
Bladder ICRU point (Gy) - 67 (49-91) 65 (48-91) 0.22

Bladder D2 cm® (Gy) 79 (55-177) 73 (56-89) 69 (52-82) <0.001
Rectum ICRU point (Gy) - 67 (55-90) 64 (52-83) 0.011
Rectum D2 cm?® (Gy) 68 (53-109) 66 (53-77) 62 (51-75) <0.001
Sigmoid D2 cm? (Gy) 73 (52-107) 69 (53-78) 62 (49-74) <0.001
Planning aim obtained (%) 15/70 (21%) 56/70 (80%) 65/70 (93%) 0.026

(Figure 3, Table IV). We have no information on the
local control rate for NOCECA, but actuarial pelvic
control (in-field) was 76% at three years for
NOCECA and 85% in the IGABT group (p =0.12).
With IGABT both overall- and cancer-specific sur-
vival were significantly improved (p<0.005) by
16% and 19% at three years, respectively. Overall
survival was still significantly improved when only
stage IIB-IV patients were compared (p=0.01).
Both moderate gastrointestinal and vaginal morbid-
ity were significantly reduced with IGABT
(p<0.001). There were few patients with severe
morbidity, but overall G3 morbidity was reduced by
more than 50% with IGABT (p =0.02). The actu-
arial curves for combined grade 3 urological and
gastrointestinal morbidity are shown in Figure 2
demonstrating a significant decrease from 10% to
3% (p=0.01).
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Figure 2. D90 of HR CTV shown as a function of HR CTV
volume in 140 consecutive patients treated with MRI-based
IGABT for locally advanced cervical cancer. Local failure was
observed in 11 patients (black spot). The planning aim for D90
of HR CTV and the median D90 and volume of HR CTV are
indicated by dotted lines.

Discussion

Based on a comparison of two prospectively followed
cohorts of patients, this study shows an absolute
improvement in survival by approximately 15% and
a relative reduction of moderate and severe morbid-
ity by about 50% in women treated with radiochemo-
therapy including MRI-based IGABT and partly
also IMRT. Evidently inter-era comparisons are
prone to several sources of bias and therefore difficult
to interpret with regard to cause-effect relationships.
However, based on the literature and circumstantial
evidence it is likely that the introduction of IGABT
has had a significant effect beyond that of concomi-
tant chemotherapy, IMRT and any imbalance in
prognostic factors.

The FIGO stage distribution in the current
IGABT cohort is similar to published and ongoing
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Figure 3. Actuarial local control, overall survival and =grade 3
combined urological-gastrointestinal morbidity in 140 patients
treated with IGABT (black lines). For comparison the curves for
overall survival and morbidity in 99 patients treated with 2D
x-ray-based brachytherapy (NOCECA) are indicated (grey
lines). Patient number at risk for overall survival is indicated
below the x-axis.
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Table IV. Outcome in terms of actuarial three-year disease control, survival and morbidity in 140
consecutive patients treated with MRI-guided IGABT compared with 99 patients treated with x-ray-

based BT (NOCECA).

Cohort IGABT NOCECA p-value Hazard ratio
Local control 91% - - -
Pelvic control 85% 76% 0.12 1.6 (0.9-2.8)
Cancer-specific survival 87% 68% 0.001 5.0 (2.8-8.9)
Overall survival 79% 63% 0.005 1.8 (1.2-2.8)
Opverall survival IIB-IV 7% 63% 0.01 1.7 (1.1-2.6)
G2 =urological 17% 18% 0.29 1.4 (0.7-2.7)
G2 = gastrointestinal 18% 35% <0.001 2.9 (1.6-5.2)
G2 =vaginal 33% 87% <0.001 4.8 (2.7-8.4)
G2 =overall 55% 90% <0.001 4.3 (2.9-6.4)
G3 =urological 1% 2% 0.23 3.6 (0.5-26.0)
G3 = gastrointestinal 3% 8% 0.08 3.8 (0.9-15.5)
G3 =vaginal 4% 9% 0.08 2.8 (0.9-8.7)
G3 = overall 7% 15% 0.02 3.0 (1.2-7.3)

studies with MRI-guided BT in cervix cancer
[19,21,22,38], reflecting that all consecutive patients
treated with definitive radiochemotherapy were
included in the IGABT cohort. In contrast, the
NOCECA cohort was systematically selecting stage
IIB-IVA patients and excluded patients with paraaor-
tic nodes, explaining the difference in stage distribu-
tion between the two cohorts. Other factors include
the difference in diagnostic work up, and although a
diagnostic CT scan was used in the NOCECA
patients, it is possible that some NOCECA patients
would have been referred for palliative treatment on
the basis of a positive PET-CT had it been available.
While FIGO staging in principal is purely clinical
[28,39], the systematic use of MRI may have influ-
enced the clinical staging in the IGABT cohort as
MRI have been shown to be significantly better in
ruling out parametrial invasion and advanced disease
than clinical examination [40,41]. Most likely FIGO
staging without MRI support is somewhat broader
for allocation to stage IIB and beyond as evidenced,
i.e. by a very high concordance rate between clinical
and pathological stage I in operated patients found
among surgically treated patients from the NOCECA
era [42].This may also explain the relative high num-
ber of stage IIIB cases in NOCECA as compared to
contemporary cohorts of locally advanced cervical
cancer including MRI in the diagnostic work-up
[19,20,38]. Multivariate and subgroup analysis was
not performed as the number of patients was rela-
tively small and detailed knowledge about many of
the possible confounding covariates was not available
for the NOCECA cohort. However, as a whole it is
reasonable to assume that there is no major imbal-
ance of poor prognostic factors in one of the cohorts
which is also demonstrated by the captured survival
advantage observed when only stage IIB-IV patients
are compared. As morbidity in both time periods

were assessed prospectively and analysed by actuarial
methods it is unlikely that the dramatic decrease in
late morbidity is due to bias in patient selection. The
median follow-up time was also similar between the
two groups.

The use of chemotherapy in the IGABT patients
may explain the improved local control and survival.
However, based on the most recent meta-analysis on
the magnitude of the effect of concomitant chemo-
therapy an improved survival by about 6% can be
achieved and the benefit is even smaller in stage
III-IV disease [43]. A population-based period
analysis from Germany points to a similar figure for
the effect of concomitant chemotherapy [44].
Neoadjuvant chemotherapy was used in 10 patients
with very advanced disease in the IGABT cohort
to decrease the tumour burden before curative radio-
therapy. Neoadjuvant chemotherapy has so far not
been shown to increase survival in patients treated
with definitive radiotherapy [45]. It is therefore
unlikely that the improved therapeutic ratio observed
for IGABT is attributed to neoadjuvant chemo-
therapy. Recently concomitant chemotherapy has
been shown to enhance the risk of late vaginal and
skeletal morbidity [46]. If anything, concomitant cis-
platin would also be expected also increase the risk
of urological and gastrointestinal morbidity. Com-
pared to the present results the impact of switching
from 2D x-ray-based BT to IGABT in terms of
reducing morbidity may therefore be even greater in
the setting of established radiochemotherapy [21].

As expected the change in EBRT practice with
abandoning of the SIB to the primary tumour in the
latter part of the IGABT era led to a significant
reduction of the EBRT dose contribution to the cer-
vix and primary tumour in the central pelvis. The
elective dose in the periphery of the pelvis was
unchanged when comparing the IGABT patients



and NOCECA patients (Table II). As shown by
Logsdon et al., the optimal ratio between tumour
control and complications is achieved with a combi-
nation of 45-50 Gy of whole pelvic EBRT combined
with BT [47]. There are two probable explanations
for this observation. First, an EBRT boost to the
cervix significantly increases the volume of OAR irra-
diated to intermediate dose levels (>60 Gy). The
importance of intermediate dose levels for faecal
incontinence after gynaecological radiotherapy has
recently been shown [48]. Second, an EBRT boost
cannot produce the same high dose region in the
middle of the GTV as BT [49-51]. The change in
EBRT technique from 3D conformal to IMRT has
been shown to decrease morbidity significantly [52].
It is difficult to asses the isolated impact of IMRT in
the present study with only 40% of the IGABT
patients being treated with IMRT. In addition, IMRT
was specifically used for boosting of pathological
nodes and for para-aortic elective nodal irradiation.
However, we did observe a significant reduction in
G2 gastrointestinal morbidity which to some extent
could be attributed to IMRT.

Evidently there is no 3D BT dose information
from NOCECA. However, Figure 1 illustrates the
impact on the DVH parameters when 2D x-ray-
based BT is replaced with individualised IGABT. We
have previously shown that IGABT and the use of
the GEC ESTRO target concept significantly
improved the DVH parameters compared to point
A-based BT [26,27]. This paper further demon-
strates that the use of combined IC/IS BT applica-
tors and BT preplanning [12] has the potential for
further improving DVH parameters in IGABT and
likely plays an important role for reduction of side
effects and improving local control.

The importance of the D90 of HR CTYV for both
local control and survival was first demonstrated by
the Vienna group showing that an increase in the
mean D90 of the HR CTV from 81 Gy to 90 Gy
(EQD2) in large tumours significantly improved
local control and increased overall survival by about
10% [20,53]. Emerging evidence from multicentre
studies also points to a clear dose-response relation-
ship [38,54]. Based on these observations and the
improved capabilities for dose delivery by IC/IS BT
[12] the planning aim for the D90 of HR CTV has
since 2012 been increased from 85 to 90 Gy. In the
present study we obtained a mean D90 for HR
CTV of 91 Gy (EQD2) resulting in a local control
rate of 91%. For overall survival there was an
improvement of about 15% between NOCECA and
IGABT. Taking the estimated effect of concomitant
chemotherapy into account we conclude that
IGABT has at least a similar impact on overall sur-
vival. This balance of effect is however, most likely
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influenced by tumour size with more effect from
IGABT and less from concomitant chemotherapy
in large tumours and vice versa in small tumours
[20,43].

The overall actuarial rate of severe late morbidity
(15%) in the NOCECA patients reported here is
similar to previous studies with x-ray-based BT
[55,56]. We have previously found that late morbid-
ity was similar for NOCECA patients treated with
caesium tube and box and point A-based PDR
afterloading [29]. As demonstrated in Figure 1 the
optimisation process involved in IGABT curbed the
outliers of very high doses close to the BT applicator
(D2 cm?®) which may not be reflected in the tradi-
tional ICRU points used for x-ray-based BT [51,57].
In addition, we could in the vast majority of the
patients respect DVH constraints for bladder, rec-
tum and sigmoid previously used successfully for
HDR brachytherapy [19,20] with similar low rates
of G3 morbidity. We also observed a significant
impact of IGABT on moderate and severe late
effects in the vagina. With IGABT it is often possible
to reduce the vaginal loading, especially in small
tumours, thereby keeping the high dose volume out
of the vagina. In addition, with the use of the IC/IS
technique in large tumours the need for heavy
vaginal loading is minimised.

Conclusion

The implementation of IGABT has profoundly
improved the therapeutic ratio of radiochemotherapy
in locally advanced cervical cancer yielding a very
high rate of local control and a significant reduction
of moderate and severe late effects. The improved
rate of local control has likely improved overall sur-
vival by about 5-10%.
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