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Abstract

The second part of the GYN GEC ESTRO working group recommendations is focused on 3D dose-volume parameters for
brachytherapy of cervical carcinoma. Methods and parameters have been developed and validated from dosimetric,
imaging and clinical experience from different institutions (University of Vienna, IGR Paris, University of Leuven).

Cumulative dose volume histograms (DVH) are recommended for evaluation of the complex dose heterogeneity.
DVH parameters for GTV, HR CTV and IR CTV are the minimum dose delivered to 90 and 100% of the respective
volume: D90, D100. The volume, which is enclosed by 150 or 200% of the prescribed dose (V150, V200), is
recommended for overall assessment of high dose volumes. V100 is recommended for quality assessment only within
a given treatment schedule. For Organs at Risk (OAR) the minimum dose in the most irradiated tissue volume is
recommended for reporting: 0.1, 1, and 2 cm3; optional 5 and 10 cm3. Underlying assumptions are: full dose of
external beam therapy in the volume of interest, identical location during fractionated brachytherapy, contiguous
volumes and contouring of organ walls for O2 cm3. Dose values are reported as absorbed dose and also taking into
account different dose rates. The linear-quadratic radiobiological model—equivalent dose (EQD2)—is applied for
brachytherapy and is also used for calculating dose from external beam therapy. This formalism allows systematic
assessment within one patient, one centre and comparison between different centres with analysis of dose volume
relations for GTV, CTV, and OAR.

Recommendations for the transition period from traditional to 3D image-based cervix cancer brachytherapy are
formulated.

Supplementary data (available in the electronic version of this paper) deals with aspects of 3D imaging, radiation
physics, radiation biology, dose at reference points and dimensions and volumes for the GTV and CTV (adding to [Haie-
Meder C, Pötter R, Van Limbergen E et al. Recommendations from Gynaecological (GYN) GEC ESTRO Working Group (I):
concepts and terms in 3D image-based 3D treatment planning in cervix cancer brachytherapy with emphasis on MRI
assessment of GTV and CTV. Radiother Oncol 2005;74:235–245]).

It is expected that the therapeutic ratio including target coverage and sparing of organs at risk can be significantly
improved, if radiation dose is prescribed to a 3D image-based CTV taking into account dose volume constraints for OAR.
However, prospective use of these recommendations in the clinical context is warranted, to further explore and develop
the potential of 3D image-based cervix cancer brachytherapy.
q 2005 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 78 (2006) 67–77.
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The concepts of GTV and CTV [16] need to be validated
through prospective evaluation of clinical practice using 3D
imaging for treatment planning and (at present) for
recording and reporting.

Translating 3D image-based concepts fully into the
clinical practice of brachytherapy requires several
complex steps: anatomy [9,51], pathology [19,20,53], 3D
imaging [11,13,37,44], physics [31,50], biology
[1,4,5,6,10,26,33,41,43,47,49], clinical experience, and
systematic application of dose volume parameters in the
clinical setting.

Essentially, dose volume parameters are needed for GTV,
HR CTV and IR CTV and the different OARs. It will be essential
in the future to define them clearly, to understand and to use
them in the clinical setting in order to make results in 3D
gynaecologic brachytherapy comparable from the beginning,
applying a common language. First evaluations within the
GEC ESTRO working group based on 3D image-based
intercomparison studies between three centres have shown
their feasibility [25,34]. However, these dose volume
parameters are recommended for use in larger patient
cohorts and prospective clinical trials when evaluating 3D
image-based treatment planning in cervix cancer
brachytherapy.

A significant learning period is needed for fully under-
standing all the different aspects of this complex procedure.
However, finally, 3D image-based brachytherapy is expected
to become a practical clinical strategy comparable in its
complexity with the most advanced external beam therapy
techniques: intensity-modulated radiotherapy, stereotactic
radiotherapy, and 4D-adaptive radiotherapy
[14,18,24,27,54].
Dose volume parameters for GTV and HR/IR
CTVs

Dose volume parameters are introduced and then
demonstrated following the example of one patient with
advanced disease: The series of figures includes diagnostic
imaging and localisation imaging with applicator in place
(Fig. 1a–h), a schematic diagram with GTV, HR/IR CTV and
dose volume parameters (Fig. 2), a 3D MRI-based treatment
Fig. 1. Fifty-year-old patient with cervical cancer FIGO stage IIB. TS
(a, b, c) and at time of brachytherapy after combined radiochem
corner indicate the slice orientation. Adapted anatomical schemes
direct speculum view, indicate clinical findings at diagnosis (d) an
with invasion of both parametria (white arrowheads). Cervical rim
contrast to the surrounding tumour. Impression of the bladde
arrowheads) is limited to the cervix without invading the uterine
arrowheads). (c) On the coronal view tumour growth to the medi
examination prior to therapy revealed invasion of both parametri
speculum view indicated involvement of the left fornix. (e) Intrace
Cervical rim is partly reconstituted (black arrowheads). Residual p
(white arrowheads). (f) On para-sagittal view tandem and ring of
parts of visible high signal intensity tumour mass are surrounded
arrowheads are indicating parametrial borders. (h) At time o
parametrium on clinical examination. Bladder (B), uterine corpus
(S), cervical canal (black arrowheads), lymphocele after lymph nod
(F), vaginal packing (VP), tandem (white stars).
plan with display of GTV, HR/IR CTV contours and dose
volume parameters (Fig. 3), and DVHs for GTV and HR/IR CTV
(Fig. 4).
Dose prescription
Historically, dose prescription was based on certain

systems with dedicated rules [12]. Recent developments
such as computer assisted treatment planning have led to
increased use of ‘no system’ or ‘modified system’. It is,
however, recommended to strictly follow the rules of a
certain system with an enduring clinical tradition. Dose has
been prescribed as milligram per hour of radium or TRAK and
is currently mainly prescribed to specific well-defined points
(e.g. point A) or to a reference volume. With the
introduction of 3D imaging, more and more centres will
prescribe to a target volume.

When prescribing to a target, the prescription dose is the
planned dose to cover this target as completely as possible.

Dose prescription point(s) and dose normalisation point(s)
are not necessarily the same. It is possible to use new user-
defined points for normalisation and optimisation, while the
dose at point A is used for reporting the prescription dose.
On the other hand, if prescription is not based on point A (but
e.g. on a target volume), it is still possible to normalise to
point A by changing the normalisation value until the
prescribed isodose reaches a certain dimension.

Image-guided brachytherapy allows more consistency in
regard to the target (and organs at risk). The prescribed dose
is always related to the target, while the actual coverage can
be evaluated with the use of DVH parameters. Normalisation
and reference dose points are a tool for treatment planning
and allow the achievement of reproducible dwell time
weightings and isodose distributions.

When considering adapting the dose prescription to an
image-based CTV, the following procedure is recommended,
at least for a significant transition period: patients are
investigated with 3D images and the CTV is delineated on the
images as described recently [16]. The traditional dose
prescription system is also applied. Correlations are
investigated between traditional dose prescriptions (e.g.
at point A or for 60 Gy reference volume) and the image-
based target coverage [2,3,8,28,29]. In the next phase, dose
E T2-weighted axial, sagittal and coronal images at diagnosis
otherapy (e, f, g). Small images placed on the right lower
in three orientations (axial, coronal, sagittal) and additional

d at time of brachytherapy (h). (a) High density tumour mass
is completely replaced. Fluid in the cervical canal produces
r by the anteflected uterine corpus. (b) Tumour (white
corpus. Bladder impression by the anteflected uterus (grey
al third of both parametria (white arrowheads). (d) Clinical
a (leftOright), as seen on axial and coronal drawings. Direct
rvical high signal intensity residual tumour mass (black star).
athologic tissue within the proximal part of left parametrium
the applicator are displayed with low signal intensity. Major
by reconstituted low signal intensity cervical rim. (g) Black

f brachytherapy, there is only slight invasion of the left
(C), rectum (R), fluid in the uterine corpus (F), sigmoid colon
e staging (LC), applicator: ring (Ri), balloon of foley catheter
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coverage of the target can be improved starting from the
standard dose prescription system as applied before and
careful adaptation of loading pattern and dwell times.
Finally, dose can be prescribed to an image-based target.
In order to facilitate comparison, dose reporting should
refer to the prescribed dose to the image-based target
(dose coverage parameters, see below) and to the
traditional system [23].

Dose heterogeneity within target volumes
The GTV and CTV in intracavitary brachytherapy are close

to the sources, usually within 15–40 mm, and are dependent



GTVGTV

Fig. 2. Schematic diagram for cervix cancer with coronal (a, c) and transverse (b, d) sections of an optimised treatment plan for limited (a, b) and
advanced (c, d) disease with partial remission after EBT (grey zones in left parametrium on MRI) (compare Figs. 5 and 7 in [16]). GTV, HR CTV and IR
CTV and isodose lines for D90 of HR CTV and IR CTV are indicated. For advanced disease the extension at diagnosis is also indicated.
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on the position of the applicator, size and location of the
tumour, cervix and on the method applied for CTV
determination (HR CTV/IR CTV). Due to the steep dose fall-
off close to the sources, there is a significant change in dose
and dose-rate throughout the target volumes. The closer to
the source, the more pronounced this effect: the dose along
an axis perpendicular to the intrauterine source at the level of
point A decreases from approximately 200 to 100% of the dose
to point A when going from 10 to 20 mm from the source,
whereas dose decreases from 100% to approximately 60%
from 20 to 30 mm. As not only dose but also dose rate follows
the gradient effect, one should be aware that the gradient is
even steeper in terms of biologically equivalent dose. This
dose inhomogeneity is certainly of major importance for the
biological effect of intracavitary brachytherapy (see biology
chapter in Supplementary data).
Definition of dose volume parameters
Dose volume parameters for target volumes can be derived

from cumulative dose volume histogram (DVH) analysis. DVHs
for the GTV and the CTV in intracavitary brachytherapy have a
plateau, which indicates 100% dose coverage of the volume of
interest. This plateau goes down smoothly indicating decreas-
ing percentage of dose coverage with increasing dose (see
Fig. 4). Certain dose coverage values can be defined to
describe the specific shape of such a DVH, e.g. D100 and D90,
defining the minimum dose delivered to 100 and 90% of the
volume of interest, respectively.
Also parameters describing a volume (with regard to the
GTV or CTV) receiving a certain biologically weighted
equivalent dose EQD2 can be defined, either as an absolute
number (e.g. V(85 GyEQD2), V(60 GyEQD2)) or as percentage
(e.g. V100) (for EQD2 dose see biology in Supplementary
data).
Potential and limitations of dose volume parameters
There are some specific considerations concerning dose-

volume analysis of intracavitary brachytherapy. The mini-
mum target dose D100 bears at least one practical limitation
in accuracy as the reported dose value is extremely
dependent on target delineation. Due to the steep dose
gradient, small spikes in the contour cause large deviations
in D100. D90 is less sensitive to these influences and is
therefore considered to be a more ‘stable’ parameter [23].
Although their clinical relevance has not been proven yet,
D100 and D90 are both highly recommended for reporting:
they can easily be calculated from a DVH and converted to
biologically weighted EQD2 doses, which makes them
suitable for correct plan comparison of all dose rate
techniques.

V100 describes how closely the intended treatment could
be achieved in terms of target coverage, providing
information indirectly on the proportion of the underdosed
area. However, V100 is based on the prescribed physical
dose and is consequently only relevant within a specific dose
rate and fractionation schedule. Hence, it cannot be used for



Fig. 3. MRI based 3D treatment plan with relevant dose volume
parameters for GTV, HR/IR CTV and OAR (at time of brachytherapy
(patient, Fig. 1). Pelvic MRI at time of brachytherapy and treatment
plan in (a) transverse, (b) parasagittal, and (c) paracoronal
orientation with MRI compatible applicator in place (vaginal packing
with diluted gadolinium (1:1), rectal tube, bladder balloon with
diluted gadolinium (1:10) and defined bladder filling (50 cm3)).
Tumour and cervix have shrunk significantly (for details compare
Fig. 1) after combined radiochemotherapy (5 weeks) with a residual
tumour mass (high signal intensity) of 2.5 cm width!3.5 cm height!
3 cm thickness (w12 cm3) and some grey zones in the left proximal
parametrium corresponding to findings from clinical examination.
After laparoscopic lymph node sampling there are lymphoceles in
both obturator regions. GTV, HR CTV, IR CTV, and OAR (bladder,
rectum, sigmoid) are contoured. Isodose lines are given for the total
doseof 84 GyEQD2 (a/bZ10 Gy), the prescribed dose (100%) for the HR
CTV, for 70 GyEQD2 (a/bZ3 Gy) as a significant dose for rectum and
sigma, for 60 GyEQD2 (a/bZ10 Gy) related to the IR CTV and for 200%
of the brachytherapy dose representing the high dose volume.
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intercomparison purposes. Therefore, V100 should be
applied solely for intra-patient plan comparison or in a
series of patients treated with the same dose (rate) and
fractionation.

The intercomparison problem is avoided when biologi-
cally equivalent doses are used, e.g. V(60 GyEQD2),
V(85 GyEQD2). For fractionated treatment, however, this
type of parameter is only usable for evaluation after the last
fraction, as it uses summed doses of all fractions. Although
correlation with clinical outcome needs to be further
investigated, we expect this type of parameter to play an
important role in the future. V(60 GyEQD2) can play a role for
evaluation of the IR CTV as an equivalent for the more
general 60 Gy reference volume previously defined for LDR.
V(85 GyEQD2) reports a dose which represents more closely
the prescription dose to the HR CTV [25].
High dose volumes
There is no consensus on how to report high dose volumes

for intracavitary brachytherapy at present, although this is
regarded as important. For a direct investigation of high
dose volumes, one relevant parameter is the volume
receiving at least a fixed biologically weighted EQD2 dose
level (e.g. 100 Gy) for the whole treatment (V(100 GyEQD2)).
Other parameters of interest are the minimum biologically
weighted EQD2 doses to specified percentages of the targets
(e.g. D50, D30, etc.).

Since the intrauterine tandem is placed within or near the
macroscopic tumour, the dose to the GTV is higher than the
dose to the CTV. Therefore, the D100 and D90 for the GTV
consequently imply relevant information about the high dose
regions within the HR and the IR CTV.

Parameters such as V150/V200, the volume receiving at
least 1.5/2 times the prescribed physical dose are
recommended, but should be used with caution: a multiply-
ing factor of the prescribed physical dose is applied,
therefore, the dose and the biologically weighted values of
the reported high dose volumes are only applicable for
intercomparison for a specific dose prescription and within a
specific dose rate and fractionation schedule. They cannot
be used for intercomparison of different treatment con-
cepts. However, these parameters are of significant
importance, as they indicate the relative amount of CTV,
in percent, treated with a significantly higher dose (50 or
100%), which is rather unique in radiation therapy.
Applicator volume
When analysing DVH parameters, some part of the target

volumes evaluated consist of applicator volume. The volume
of the applicator does not influence the evaluated par-
ameters too much as long as large volumes compared to the
applicator volume are investigated. Dose volume parameters
for which small volumes are considered, such as e.g. D30
(30% of target volume), may include too much of the
applicator volume to be a meaningful parameter. Currently,
it is not clear if and how the applicator volume should be
taken into account. This issue needs further investigation.
However, when reporting DVH parameters it should be
always mentioned if the applicator is included in the
considered volume or not.



Fig. 4. Dose volume histograms of GTV, HR CTV, and IR CTV for one fraction of HDR intracavitary brachytherapy (patients Figs. 1, 3, 5 and 6).
Prescribed dose is 25!1.8 Gy external beam therapy to ICRU point plus 40 GyEQD2 (4!7 Gy) brachytherapy to HR CTV, which gives a total of
84 GyEQD2 (a/bZ10 Gy). *Total EQD2 values are given based on four identical fractions. In general, similar DVH curves are obtained for LDR or
PDR treatments, but with different total EQD2 doses, e.g. 48 h LDR treatment with 50 cGy/h for D90 of IR CTV gives 69 GyEQD2, but 83 GyEQD2

(74 cGy/h) for D90 of HR CTV and 110 GyEQD2 (113 cGy/h) for D90 of GTV.
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Reference volume for applicator systems
The reference volume is the volume encompassed by the

reference isodose, selected and specified in terms of
dimensions and absolute volume to compare treatments
performed in different centres using different techniques
[22]. In ICRU Report 38, a reference dose level of 60 Gy
delivered at the classical low dose rate (50 cGy/h) is
recommended. This is the dose appropriate to cure
microscopic disease in cervix cancer corresponding to the
Intermediate Risk CTV in definitive treatment. The dose
currently employed to cure macroscopic disease correspond-
ing to the High Risk CTV ranges between 75 and 90 GyEQD2

(and above). Therefore, in addition to the 60 Gy reference
volume, higher reference dose levels (e.g. 85 GyEQD2) have
been proposed recently [38]. Dose levels for reporting
reference volumes have to be biologically weighted accord-
ing to differences in dose-rate and fractionation schedules as
described in the Supplementary data using the LQ model and
EQD2 dose values.

It has to be emphasized that there is no direct relation
between the reference volume and the target-orientated dose
volume parameters as introduced above. Therefore, the
reference volume in the context of 3D image-based cervix
cancer brachytherapy is recommended to be only used to
describe the dimensions of its width, thickness and height
which can be covered by a certain dose (60, 85 GyEQD2) with a
certain applicator and a certain typical loading pattern [12].
Dose volume parameters for organs at risk
In cervical cancer, the location of organs at risk close to

the brachytherapy sources (rectum, sigmoid, bladder)
significantly influences the treatment planning process and
the dose that can be prescribed. The vagina should be taken
into consideration. Other parts of bowel may also receive a
significant dose.

Dose volume parameters for OAR are introduced and
demonstrated following the same example for one patient as
above (Figs. 1, 3 and 4). In addition, a schematic diagram
indicates the dose volume parameters (Fig. 6), and a dose
volume histogram the evaluation of a treatment plan for
different OARs (Fig. 5).
Point doses versus dose volume parameters
So far, in gynaecologic brachytherapy correlation between

the radiation dose and the normal tissue effects have been
assessed using point doses. Since 1985, these points have been
defined using the standardized dose specification points
proposed in the ICRU 38 report [36]. There is general
agreement that correlation of radiation point doses and dose
volume effects is inferior to correlation of dose volume
relations anddose volumeeffects inany givenorgan.However,
for gynaecologic brachytherapy, this correlation could hardly
be investigated until now, as conventional orthogonal film-
based treatment planning for brachytherapy was based on
point dosesandnotondosevolumerelations.Acomprehensive
assessment has only recently become feasible when introdu-
cing cross sectional image-based treatment planning for
brachytherapy using CT or MRI [2,8,12,17,23,25,28,34,52].
Dose heterogeneity in organs at risk
With external beam therapy, it is presumed that a

homogeneous dose is delivered to the organs at risk with a
sharp dose gradient at the field edges. With intracavitary



Fig. 5. Cumulative dose volume histograms of bladder, rectum and sigmoid (patient, Figs. 1, 3, 4 and 6) based on organ contouring indicating the
minimum dose in the most irradiated tissue volume adjacent to the applicator (D0.1cc, D1cc, D2cc for 0.1, 1, and 2 cm3). *Total EQD2 dose values for
these OAR are given assuming four identical HDR fractions with an a/b of 3 Gy. Treatment planning, for this example, was based on dose
constraints for D2cc (bladder: 90 GyEQD2; rectum, sigma: 70 GyEQD2). 90 GyEQD2 is reached with four HDR fractions of 6.3 Gy (25.2 Gy), which is
corresponding to 48 PDRpulseswith77 cGy/puls, 1 puls/h (37 Gy) and to LDRwith77 cGy/h in 48 h (37 Gy). For 70 GyEQD2 the doseperHDR fraction
is 4.5 Gy (18 Gy). The same dose is reached with 48 PDR pulses with 54 cGy/puls, 1 puls/h (26 Gy), and LDR with 54 cGy/h in 48 h (26 Gy).
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brachytherapy, there is an inhomogeneous dose distribution,
especially in the tissues adjacent to the sources (Fig. 3). The
adjacent organs at risk are hollow, with the typical organ
wall consisting of mucosal, submucosal, and muscular
layers. The configuration and thickness of the different
organ walls (variation from 2–3 up to 6–8 mm) is dependent
on the degree of filling, the impact of which is most
pronounced in the bladder, rectosigmoid, and vagina.

The organ walls adjacent to the applicator (sources), like
the anterior rectal and sigmoid walls, inferior–posterior
bladder wall, or the vaginal wall adjacent to the cervix, are
irradiated by the brachytherapy sources with a high
inhomogeneous dose (O20–40 Gy), whereas the organ walls
further away, like the posterior rectosigmoid walls, the
superior–anterior bladder wall, or the inferior vagina, are
irradiated with much lower doses (!5–10 Gy). With definitive
irradiation, this inhomogeneous dose delivered with bra-
chytherapy to different parts of the organ walls, is combined
with the dose from external beam applied to large parts of the
organ walls (e.g. 45–50 Gy to 75–95% of rectumand sigmoid, to
60–90% of bladder [15], and to 50–90% of vagina). These parts
irradiated by external beam also include portions of the wall,
which are irradiated with a lower more homogenous dose
from brachytherapy (e.g. posterior rectal wall).
Assumptions when combining external beam
therapy and several brachytherapy fraction doses

In order to be able to match dose volume relations from
both external beam and brachytherapy, it is necessary to
match each tissue volume element (voxel) irradiated by
external beam with the corresponding voxel irradiated by
brachytherapy. These systematic image matching procedures
require complex calculations based on image-based dose
volume assessments and applies in principle also for GTV and
CTV assessment. For these calculations, some assumptions
have to be introduced, which apply for most clinical
situations. From clinical experience, it can be concluded
that the organ walls adjacent to the applicator receiving a
high inhomogeneous dose are always irradiated with the full
dose of external beam therapy [35]. As these areas are
located near the ICRU reference point, inaccuracies should
not be larger than G5% for the dose of external beam
therapy. Such an assumption is not necessarily valid for the
parts of organ walls at a larger distance from the applicator,
as this value depends on the external beam technique as well
as the amount of change in topography due to tumour
remission and due to introduction of the applicator.

Furthermore, in fractionated brachytherapy, the location
of the high dose region from brachytherapy may not be
identical for each fraction. As tumours shrink during the
course of radiation, there is a change in tumour volume and
configuration over time [16] and consequently a change in
normal tissue topography over time (4D) [17,21,46]. In
addition, the brachytherapy applicator changes normal
tissue topography significantly, each time it is inserted.
When adding dose volume relations, however, it has to be
assumed, that the location of the region of interest is
identical each time [35]. In particular, in case of dose
volume relations exceeding dose volume constraints, such
‘worst case assumption’ must be carefully checked.

Finally, due to the shape of a given organ wall, a high dose
region may be contiguous or non-contiguous. Non-contiguous
high dose volumes are typically seen in the bladder wall, due
to the filled lateral recessus (horns) [32].



Fig. 6. Schematic anatomical diagram (sagittal view) indicating the
most irradiated tissue volumes adjacent to the applicator for
rectum, sigmoid and bladder: 0.1, 1, and 2 cm3 (identical patient as
in Figs. 1 and 2, dose volume parameters for this schematic patient
example can be taken from Fig. 5).
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Definition of dose volume parameters
The method of analysing the 3D dose distribution in an

organ at risk has been based on the hypothesis that clinically
useful information has to include volume information
obtained with cumulative dose volume histogram (DVH)
analysis. Two main approaches have been described for DVH
analysis, one referring to relative organ (wall) volumes
(widely applied in EBT), and the other referring to absolute
organ (wall) volumes. Typical adverse effects from bra-
chytherapy such as local inflammation, fibrosis, telangiecta-
sias, ulceration, necrosis and fistulas occur mainly in limited
volumes adjacent to the applicator irradiated with high
doses (O70–80 Gy), whereas whole organ side effects like
overall organ inflammation, fibrosis or telangiectasia occur
mainly after whole organ irradiation with intermediate or
high doses (60–70C Gy).

As these organs of interest are hollow, the filling status of
the respective organ should be clearly stated, especially for
the brachytherapy component. The most constant filling
status possible is advised for valid and reliable data
collection, especially for the bladder, as this may change
within short time periods [52].

When assessing late effects from brachytherapy, small
organ (wall) volumes irradiated to a high dose seem to be of
major interest. As there is rapid dose fall-off near the sources,
in particular in adjacent small organ (wall) volumes, the dose
assessment has to refer to one (or more) defined dose point(s)
in these limited volumes. The minimum dose in the most
irradiated tissue volume adjacent to the applicator (0.1, 1, 2
and 5 cm3) is recommended for recording and reporting, as has
been proposed by several authors previously (Figs. 5 and 6)
[2,8,23,38,40,42,48,52]. When assuming a wall thickness of
5 mm these volumes correspond to ‘wall planes’ of 5 mm!
4 mm(0.1 cm3), 1.4 cm!1.4 cm (1 cm3), 2 cm!2 cm (2 cm3),
and 3.3 cm!3.3 cm (5 cm3). Furthermore, it is assumed that
these volumes are contiguous. In order to indicate the dose
range in these small volumes, it is recommended to report at
least two values which should be 1 and 2 cm3. This value has
been called, e.g. ‘maximum dose to a 2 cm3 tissue’ [30], which
is obviously not correct, if the DVH as demonstrated in Fig. 6 is
analysed [39].

A maximum dose value for recording and reporting, as
described by several authors and partly derived from
experience with orthogonal film-based treatment plan-
ning [45], seems to not be appropriate due to
uncertainties in the calculations (calculation algorithm
is not reliable for voxels) and due to less clinical
relevance to be expected when correlating such point
doses to biological end points (‘voxel necrosis’ does not
exist in clinical practice). Instead, it is recommended to
indicate the dose to a very limited volume (0.1 cm3),
which is still appropriate for dose calculation and
probably still bears clinical relevance (e.g.
microulceration).
Organ contouring
When using organ wall volumes for recording and

reporting, the organ walls have to be delineated slice by
slice. However, major practical difficulties have to be
overcome because of the very small dimensions and the
inability to have automatically generated second contours at
selected distances by the treatment planning system. These
factors represent major uncertainties and may lead to major
inaccuracies. For practical reasons, it should, therefore, be
taken into consideration, that for organ wall volumes up to
2–3 cm3, organ and organ wall contouring lead to almost
identical numerical results [52], which allows for organ
contouring only. If larger organ wall volumes are considered,
organ wall contouring has to be performed.

The choice of the most appropriate 3D imaging system for
delineation is of major importance because variations in
delineation within a few millimetres lead to significant
variation of dose due to the inverse square law. Whereas
there is no doubt that MRI is superior to CT for the
discrimination of GTV and adjacent normal (uterine) tissue,
CT and MRI provide basically similar quality for discrimi-
nation of the bladder, rectum, sigmoid, bowel and vagina.
However, in practice delineation seems to be more accurate
when using MRI: delineation of organs at risk in relation to
the MRI compatible applicator was excellent in one study in
more than 90% of cases [7].
Radiobiological modelling of doses
When applying 3D dose volume assessments, each

fraction has to be evaluated and a biologically weighted
dose (EQD2 or 50 cGy/h) has to be calculated (see biology
chapter in Supplementary data). The different fractions can
then be added arriving at a cumulative biologically weighted
dose. This cumulative value from brachytherapy is to be
added to the dose from external beam therapy, also
biologically weighted. This sum then represents the total
biologically weighted dose (for dose rate/dose per fraction)
which was applied to the volume of interest, e.g. the
minimum in 2 cm3 rectum, in the GTV or in the HR CTV.
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Integration of new parameters
Three-dimensional tools for dose volume assessment

should be prospectively used for short and long term
evaluation, in order to establish valuable clinical infor-
mation correlated to 3D dose volume relations [39].
Appropriate methods for morbidity assessment have to be
integrated for different organ systems (French–Italian
Glossary, LENT SOMA, CTCAE 3.0).

These 3D tools should be used (in a transition period) in
parallel with film-based reference points as proposed by
ICRU 38 and some further points as proposed in the literature
in the past (maximum bladder point, mean and maximum
rectum point, etc. [23]).

When assessing these dose volume relations based on
traditional performance of brachytherapy, dose volume
constraints can be expected to be generated which are
more valid and reliable and thus clinically relevant [39] than
those in the past based only on points doses and ICRU
reference volumes. However, these new dose volume
constraints should be discussed in the frame of traditional
experience. For sigmoid (small bowel, ovary) meaningful
dose volume constraints are expected to be generated.
Recommendations for reporting
Parameters to be reported for image-based brachyther-

apy of cervical carcinoma are listed in Table 1. Dose values
of single fractions should be reported in absorbed dose
(optional in addition in biologically weighted form). For the
whole treatment, total dose values should be reported as
Table 1
Recommendations for recording and reporting 3D gynaecological
brachytherapy

Complete description of clinical situation including
anatomy and pathology and imaging examination
dimensions and volume of GTV at diagnosis and at time of
brachytherapy
dimensions and volumes of HR CTV and IR CTV, respectively

Complete description of 3D sectional imaging technique and
contouring procedure
Complete description of brachytherapy technique
radionuclide; source type (wire, stepping source); source
strength; applicator type; type of afterloading (manual or
remote); description of additional interstitial needles if any

Treatment prescription and treatment planning
applicator reconstruction technique, standard loading pattern,
dose specification method; optimisation method, if applied

Prescribed dose
Total Reference Air Kerma (TRAK)
Dose at point A (right, left, mean)
D100, D90 for GTV and HR CTV and IR CTV, respectively
Dose to bladder and rectum for ICRU reference points
D0.1cc, D1cc, D2cc for organs at risk (e.g. rectum, sigmoid, bladder)
(vaginaa)
D5cc, D10cc for organs at risk if contouring of organ walls is
performed
Complete description of time–dose pattern: physical and
biologically weighted doses (a/bZ10 Gy for GTV and CTV; a/
bZ3 Gy for OAR; T1/2Z1.5 h for GTV, CTV and OAR)

a For vagina dose volume parameters still need to be defined.
physical dose, indicating the fractionation and dose rate,
and in addition as biologically weighted dose (EQD2).

As only few studies have evaluated 3D dose volume
parameters in correlation with outcome, the significance of
the defined parameters needs to be clinically verified. Pilot
studies in dedicated centres have shown so far the usefulness
and feasibility of the defined reporting concept
[16,23,25,34]. Here, it is recommended to report the
presented data set for 3D image-based cervix cancer
brachytherapy as a minimum requirement to determine
which parameters provide clinically useful information.
Following institutional traditions, additional parameters
may also be reported.
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Währinger Gürtel 18-20, 1090 Vienna, Austria. E-mail address:
richard.poetter@akhwien.at

Received 10 June 2005; received in revised form 28 October 2005;
accepted 10 November 2005
References
[1] Bentzen SM, Thames HD. Clinical evidence for tumor clonogen

regeneration: interpretations of the data. Radiother Oncol
1991;22:161–6.

[2] Briot E, de Crevoisier R, Petrow P, et al. Dose–volume
histogram analysis for tumor and critical organs in intracavitary
brachytherapy of cervical cancer with the use of MRI. Radiother
Oncol 2001;60:S3.

[3] Cengiz M, Selek U, Genc M, Aydinkarahaliloglu E, Yildiz F.
Comment on Correlation between the treated volume, the GTV
and the CTV at the time of brachytherapy and histopathologic
findings in 33 patients with operable cervix carcinoma.
Radiother Oncol 2005;75:367–8.

[4] Dale RG. The application of the linear–quadratic dose–effect
equation to fractionated and protracted radiotherapy. Br
J Radiol 1985;58:515–28.

[5] Dale RG, Coles IP, Deehan C, O’Donoghue JA. Calculation of
integrated biological response in brachytherapy. Int J Radiat
Oncol Biol Phys 1997;38:633–42.

[6] Dale RG, Coles IP. Allowance for the radiobiological effects of
dose gradients in gynaecological applications. Radiother Oncol
2001;60:S7.

[7] Dimopoulos J, Schard G, Berger D, et al. Systematic evaluation
of MRI findings in different stages of treatment of cervical

http://dx.doi.org/doi:10.1016/j.radonc.2005.11.014
http://dx.doi.org/doi:10.1016/j.radonc.2005.11.014


Recommendations for 3D image-based cervix cancer brachytherapy76
cancer: potential of MRI on delineation of target, patho-
anatomical structures and organs at risk. Int J Radiat Oncol Biol
Phys, in press.

[8] Fellner C, Pötter R, Knocke TH, Wambersie A. Comparison of
radiography- and computed tomography-based treatment
planning in cervix cancer in brachytherapy with specific
attention to some quality assurance aspects. Radiother Oncol
2001;58:53–62.

[9] Foshager M, Walsh J. CT Anatomy of the female pelvis: a second
look. Radiographics 1994;14:51–66.

[10] Fowler JF, Van Limbergen E. Biological effect of pulsed dose
rate brachytherapy with stepping sources if short half-times of
repair are present in tissues. Int J Radiat Oncol Biol Phys 1997;
37:877–83.

[11] Fransson A, Andreo P. Pötter R Aspects of MR image distortions
in radiotherapy treatment planning. Strahlenther Onkol 2001;
177:59–73.

[12] Gerbaulet A, Pötter R, Haie-Meder C. Cervix cancer. In:
Gerbaulet A, Pötter R, Mazeron JJ, Meertens H, Van
Limbergen E, editors. The GEC ESTRO handbook of brachyther-
apy. Brussels: ESTRO; 2002. p. 301–63.

[13] Gerstner N, Wachter S, Knocke TH, Fellner C,
Wambersie A, Pötter R. The benefit of Beam’s eye view
based 3D treatment planning for cervical cancer. Radiother
Oncol 1999;51:71–8.

[14] Gillis S, De Wagter C, Bohsung J, Perrin B, Williams P,
Mijnheer BJ. An inter-centre quality assurance network for
IMRT verification: results of the ESTRO QUASIMODO project.
Radiother Oncol 2005;76:340–53.

[15] Haie-Meder C, Pötter R. Textbook for teaching course on
brachytherapy in gynaecological malignancies. Brussels:
ESTRO; 2004.

[16] Haie-Meder C, Pötter R, Van Limbergen E, et al. Rec-
ommendations from Gynaecological (GYN) GEC ESTRO
Working Group (I): concepts and terms in 3D image-based
3D treatment planning in cervix cancer brachytherapy with
emphasis on MRI assessment of GTV and CTV. Radiother
Oncol 2005;74:235–45.

[17] Hellebust TP, Dale E, Skjonsberg A, Olsen DR. Inter fraction
variations in rectum and bladder volumes and dose distri-
butions during high dose rate brachytherapy treatment of the
uterine cervix investigated by repetitive CT-examinations.
Radiother Oncol 2001;60:273–80.

[18] Hoogeman MS, van Herk M, de Bois J, Lebesque JV. Strategies
to reduce the systematic error due to tumor and rectum motion
in radiotherapy of prostate cancer. Radiother Oncol 2005;74:
177–85.

[19] Hricak H, Lacey C, Sandles L, et al. Invasive cervical carcinoma:
comparison of MR imaging and surgical findings. Radiology
1988;166:623–31.

[20] Hricak H. Cancer of the uterus: the value of MRI pre- and post-
irradiation. Int J Radiat Oncol Biol Phys 1991;21:1089–94.

[21] Huh SJ, Park W, Han Y. Interfractional variation in position of
the uterus during radical radiotherapy for cervical cancer.
Radiother Oncol 2004;71:73–9.

[22] International Commission on Radiation Units and Measure-
ments. ICRU report 38: dose and volume specification for
reporting intracavitary therapy in gynaecology. Bethesda,
MD:ICRU; 1985.

[23] Kirisits C, Pötter R, Lang S, Dimopoulos J, Wachter-Gerstner N,
Georg D. Dose and volume parameters for MRI based treatment
planning in intracavitary brachytherapy of cervix cancer. Int
J Radiat Oncol Biol Phys 2005;62:901–11.

[24] Kovacs G, Potter R, Loch T, et al. GEC/ESTRO-EAU
recommendations on temporary brachytherapy using step-
ping sources for localised prostate cancer. Radiother Oncol
2005;74:137–48.
[25] Lang S, Nulens A, Briot E, et al. Intercomparison of treatment
concepts for 3D image guided brachytherapy of cervical
carcinoma based on a GEC-ESTRO study protocol. Radiother
Oncol 2004; 71(Suppl.2) S11.

[26] Mazeron JJ, Scalliet P, Van Limbergen E, Lartigau E. Radio-
biology of brachytherapy and the dose-rate effect. In:
Gerbaulet A, Pötter R, Mazeron JJ, Meertens H, Van
Limbergen E, editors. The GEC-ESTRO handbook of brachyther-
apy. Brussels: ESTRO; 2002. p. 95–121.

[27] Mazeron JJ. Brachytherapy: a new era. Radiother Oncol 2005;
74:223–5.

[28] Muschitz S, Petrow P, Briot E, et al. Correlation between the
treated volume, the GTV and the CTV at the time of
brachytherapy and the histopathologic findings in 33 patients
with operable cervix carcinoma. Radiother Oncol 2004;73:
187–94.

[29] Muschitz S, Haie-Meder C, Cengiz M, et al. Comment by on
‘correlation between the treated volume, the GTV and the CTV
at the time of brachytherapy and histopathologic findings in 33
patients with operable cervix carcinoma’. Radiother Oncol
2005;75:368–9.

[30] Nag S, Cardenes H, Chang S, et al. Proposed guidelines for
image-based intracavitary brachytherapy for cervical carci-
noma: report from image-guided brachytherapy working group.
Int J Radiat Oncol Biol Phys 2004;60:1160–72.

[31] Nath, Anderson LL, Luxton G, Weaver KE, Williamson JF,
Meigooni AS. Dosimetry of interstitial brachytherapy sources:
report of the AAPM Radiation Therapy Committee Task group
No. 43. Med Phys 1995;22:209–34.

[32] Nguyen TV, Dumas I, Petrow P, Briot E, Petit C, Haie-Meder C.
MRI based treatment planning in cervical cancer brachyther-
apy: characteristics of the 2 cm3 volume receiving the highest
dose in bladder and rectum walls, compared with ICRU
reference points. Radiother Oncol 2004;71:S71–S2.

[33] Niemierko A. Reporting and analyzing dose distributions: a
concept of equivalent uniform dose. Med Phys 1997;24:
103–10.

[34] Nulens A, Lang S, Briot E, et al. Evaluation of contouring
concepts and dose volume parameters of MR based brachyther-
apy treatment plans for cervix cancer: results and conclusions
of the GYN GEC ESTRO working group delineation workshops.
Radiother Oncol 2005;75:S9.

[35] Pötter R. Modern imaging methods used for treatment planning
and quality assurance for combined irradiation of cervix
cancer. In: Kovacs G, editors. Integration of external beam
therapy and brachytherapy in the treatment of cervix cancer:
clinical, physical and biological aspects. GEC ESTRO workshop
Stockholm. Textbook; 1997 p. 23–41.

[36] Pötter R, Van Limbergen E, Gerstner N, Wambersie A. Survey of
the use of the ICRU 38 in recording and reporting cervical
cancer brachytherapy. Radiother Oncol 2001;58:11–18.

[37] Pötter R. Modern imaging in brachytherapy. In: Gerbaulet A,
Pötter R, Mazeron JJ, Meertens H, Van Limbergen E, editors.
The GEC ESTRO handbook of brachytherapy. Brussels: ESTRO;
2002. p. 123–51.

[38] Pötter R, Van Limbergen E, Wambersie A. Reporting in
brachytherapy: dose and volume specification. In:
Gerbaulet A, Pötter R, Mazeron JJ, Meertens H, Van
Limbergen E, editors. The GEC ESTRO handbook of brachyther-
apy. Brussels: ESTRO; 2002. p. 155–215.

[39] Pötter R, Haie-Meder C, Van Limbergen E, et al. Letter to the
editor: reply to Nag S et al. Proposed guidelines for image-
based intracavitary brachytherapy for cervical carcinoma:
report from image-guided brachytherapy working group. Int
J Radiat Oncol Biol Phys 2004;60:1160–72 [Int J Radiat Oncol
Biol Phys 2005;62:293–96].



R. Pötter et al. / Radiotherapy and Oncology 78 (2006) 67–77 77
[40] Saarnak AE, Boersma M, van Bunningen BN, Wolterink R,
Steggerda MJ. Inter-observer variation in delineation of
bladder and rectum contours for brachytherapy of cervical
cancer. Radiother Oncol 2000;56:37–42.

[41] Scalliet P, Cosset JM, Wambersie A. New considerations on the
applications of the LQ model to the interpretation of absorbed
dose distributions in the daily practice of brachytherapy.
Radiother Oncol 1991;22:180–9.

[42] Schoeppel SL, La Vigne ML, Martel MK, McShan DL, Fraas BA,
Roberts JA. Three-Dimensional treatment planning of intraca-
vitary gynecologic implants: analysis of ten cases and
implications for dose specification. Int J Radiat Oncol Biol
Phys 1993;28:277–83.

[43] Steel GG, editor. Basic clinical radiobiology. 3rd ed. London:
Arnold; 2002. p. 192–204.

[44] Steggerda M, Moonen MF, Bart NFM, et al. Computed
tomography scans for rectum and bladder dose distribution
assessment during brachytherapy of cervical carcinoma.
J Brachytherapy Int 1998;14:143–55.

[45] Stücklschweiger GF, Arian-Schad KS, Poier E, Poschauko J,
Hackl A. Bladder and rectal dose of gynecologic high-dose-rate
implants: comparison of orthogonal radiographic measure-
ments with in vivo and CT-assisted measurements. Radiology
1991;181:889–94.

[46] Sun LM, Huang HY, Huang EY, et al. A prospective study to
assess the bladder distension effects on dosimetry in intraca-
vitary brachytherapy of cervical cancer via computed tom-
ography-assisted techniques. Radiother Oncol 2005;77:77–82.
[47] Thames HD, Bentzen SM, Tureson I, Overgaard M, van den
Bogaert W. Time–dose factors in radiotherapy: a review of the
human data. Radiother Oncol 1990;19:219–36.

[48] Van den Berg F, Meertens H, Moonen L, Van Buningen BNFM,
Blom A. The use of a transverse CT image for the estimation of
the dose given to the rectum in intracavitary brachytherapy for
carcinoma of the cervix. Radiother Oncol 1998;47:85–90.

[49] Van Limbergen E, Chassagne D, Gerbaulet A, Haie C. Different
dose rates in preoperative endocurietherapy brachytherapy of
cervical carcinoma. J Eur Radiother 1985;6:21–7.
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