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Background. Standard applicators for cervical cancer Brachytherapy (BT) do not always achieve acceptable bal-
ance between target volume and normal fissue irradiation. We aimed to develop an innovative method of Target-
volume Density Mapping (TDM) for modelling of novel applicator prototypes with optimal coverage characteristics.
Patients and methods. Development of Contour-Analysis Tool 2 (CAT-2) software for TDM generation was the core
priority of our task group. Main requests regarding softfware functionalities were formulated and guided the coding
process. Software validation and accuracy check was performed using phantom objects. Concepts and terms for
standardized workflow of TDM post-processing and applicator development were introduced.

Results. CAT-2 enables applicator-based co-registration of Digital Imaging and Communications in Medicine
(DICOM,) structures from a sample of cases, generating a TDM with pooled contours in applicator-eye-view. Each
TDM voxel is assigned a value, corresponding fo the number of target contours encompassing that voxel. Values are
converted to grey levels and transformed to DICOM image, which is transported to the treatment planning system.
Iso-density contours (IDC) are generated as lines, connecting voxels with same grey levels. Residual Volume at Risk
(RVR) is created for each IDC as potential volume that could contain organs at risk. Finally, standard and prototype
applicators are applied on the TDM and virtual dose planning is performed. Dose volume histogram (DVH) param-
eters are recorded for individual IDC and RVR delineations and characteristic curves generated. Optimal applicator
configuration is determined in an iterative manner based on comparison of characteristic curves, virtual implant
complexities and isodose distributions.

Conclusions. Using the TDM approach, virtual applicator prototypes capable of conformal coverage of any target
volume, can be modelled. Further systematic assessment, including studies on clinical feasibility, safety and effective-
ness are needed before routine use of novel prototypes can be considered.
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Introduction

Brachytherapy (BT) is an essential component of
treatment for locally advanced cervical cancer.
Historically, X ray-based BT has been used, re-
sulting in suboptimal disease control and toxicity
rates, especially in advanced tumours.!”* Currently,
image guided adaptive brachytherapy (IGABT) is
being increasingly implemented worldwide. This
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modern technique is based on geometric individ-
ualization of the BT implant, sectional imaging,
computerized treatment planning and remote af-
terloading technology.® The concept of IGABT ena-
bles tight control over dose distribution in the tis-
sues and personalized adaptation of treatment ac-
cording to individual tumour size, topography and
relation to the organs at risk (OAR). Consequently,
dose escalation to the target volume is achieved,
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while respecting OAR dose constraints. Dosimetric
advantages of IGABT over conventional 2D BT are
well documented and are reflected in superior clin-
ical outcomes.”1¢

Even with the most sophisticated treatment
planning technology, optimal placement of source
channels in the target volume remains a precondi-
tion for the success of BT. The ability to compen-
sate for inadequacies of suboptimal insertion by
optimization of source dwell-times and dwell-
positions is limited. Standard intracavitary (IC)
applicators for BT of cervical cancer do not always
enable an acceptable balance between the cover-
age of the target volume and dose to the OAR.Y
In patients with unfavourable tumour topography
and/or gross residual disease extending beyond
the reach of standard dose distribution, parts of
the tumour cannot be covered with the prescribed
dose without exceeding OAR tolerance. This leads
to dosimetric cold spots in the tumour that predis-
pose to treatment failure.!'® Recently developed
intracavitary and interstitial (IC/IS) applicators
for transvaginal placement of parallel parametrial
needles allow for moderate lateral displacement of
prescribed isodose.?? While this leads to favour-
able therapeutic ratio in majority of cases, there
is substantial proportion of challenging tumours
which require alternative techniques for optimal
outcome. Systematic assessment of dosimetric
characteristics of currently available IC and IC/IS
applicators or novel prototypes has not been per-
formed so far. Theoretically, an ideal BT applica-
tor would enable standardized and reproducible
insertion of the IC and IS channels in optimal ge-
ometries, allowing for complete coverage of any
tumour encountered in clinical practice. In this
manuscript we present an innovative approach
to evidence-based applicator development, using
the method of Target-volume Density Mapping
(TDM). TDM methodology was consequently ap-
plied in multi-institutional setting and promising
preliminary outcome was presented.?* Publication
of the final results of this analysis is pending.

We conducted this study as a part of a wider
applicator development project, performed by
the international Gyn GEC ESTRO network. The
work presented here is entirely technical, focusing
merely on the software development and specifica-
tion of related methodology. No patient informa-
tion was used during this work. The developed
methodology was consequently used in substud-
ies on patients, included in the multi-institutional
EMBRACE and retroEMBRACE protocols. These
protocols were approved by the institutional re-
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view boards / ethical committees of participating
centres. Promising preliminary results of this anal-
ysis were presented, while the publication of the fi-
nal results is pending.** In the present manuscript,
only the theoretical concept of software-based
methodology for TDM generation is detailed.

Methods

Multidisciplinary task group from the Institute
of Oncology Ljubljana and the University of
Primorska, Faculty of Mathematics, was formed
in 2009 to propose methodological framework for
evidence based applicator modelling. The group
consisted of an experienced radiation oncologist,
a medical physicist and a computer scientist. The
activities of the group were arbitrarily divided into
(1) TDM software development and (2) Applicator
modelling.

Development of software for target
density mapping

Development of TDM software was identified as
core priority of the task group. The coding process
reflected three main domains of requests regarding
application functionalities:

Individual input data should consist of single-
case DICOM (Digital Imaging and Communications
in Medicine) files containing target and applicator
structures.

Sequential import of DICOM data-sets from
multiple cases should be enabled, followed by
rigid co-registration of structures, using the IC ap-
plicator as the reference.

Software output should be an object in DICOM
format, containing pooled information from indi-
vidual cases.

Validation and geometric accuracy check of the
software application was based on the import and
processing of a series of phantom DICOM data-
sets. The phantom sets consisted of virtual tandem
& ring applicators and structures of known shapes,
sizes and topographic relations with the applicator.

Modelling of virtual applicator
prototypes

Standardized model for quantitative analysis of
dosimetric effects of existent and prototype appli-
cators on the TDM was developed. This task in-
cluded the definition of concepts, terms and work-
flow for post-processing of the TDM. Applying
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these definitions, the workflow for computer
based modelling of applicator prototypes was de-
veloped.

Results
Software for target density mapping

Dedicated software (Contour Analysis Tool 2 - CAT
2) was developed by the task group. The principles
of CAT 2 application are outlined in Figure 1. The
method is based on sequential import of DICOM
structure files from a representative sample of in-
dividual cases, containing the target volume and
the tandem & ring applicator. CAT 2 performs
rigid co-registration of the imported structures,
based on the applicator as the frame of reference.
This implies rotational and translational shifts
of the target volume and the applicator, result-
ing in alignment of the (1) centre of the ring, (2)
tandem and ring axes and (3) axis connecting the
centre of the ring with the first ring-source posi-
tion. Consequently, TDM is created as a hybrid
data set, containing pooled information from a
sample of cases. Individual target volumes in the
TDM are aligned to the single reference applicator,
maintaining unchanged relative topography to the
applicator axes as in the original data set. The dif-
ferences in tandem length and ring diameter are
not taken into account during co-registration pro-
cess. Each voxel of the TDM is assigned a Target
Density Value (TDV), corresponding to the num-
ber of target volume contours that encompass that
voxel. Finally, TDVs are converted to grey levels
and the data set is transformed to DICOM image,
containing the reference applicator and the TDM in
an “applicator-eye-view”.

Modelling of virtual applicator
prototypes

This workflow starts with the import of the TDM
DICOM object to the treatment planning system.
Post-processing steps are summarized below:

Generation of Iso-Density Contours and Residual
Volumes at Risk

Iso-density contours (IDC) are generated using the
auto-segmentation functionality of the treatment
planning system. IDCs are defined as delineations,
connecting voxels with the same TDV and are la-
belled as percentage of encompassed TDVs. Labels
of individual IDCs are calculated by using the fol-
lowing formula:
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FIGURE 1. Principles of Target-volume Density Map (TDM) generation and post-
processing on an example of é cervical cancer cases. (A) Contours of high risk clinical
target volumes (CTV,,, - thin white lines) are shown on mid-coronal T2 weighted MRI
with the applicator in place. Source channels are depicted as thick white lines. (B)
CAT 2 generates the TDM by rigid co-registration of individual CTV,.s on a reference
applicator. TDM voxels are assigned target density values, corresponding to the
number of encompassing CTVs. These values are transformed to grey levels.
(C) Resulting TDM DICOM image is exported to freatment planning system where

isodensity contours (IDC) are auto-segmented (white dotted lines).

TDV__ - TDV+1
DV TDV

For example, the label of outermost IDC in
Figure 1C (TDV=1 and TDV__ =6) is:

IDC x 100 [%]

6-1+1
IDC;=—— x 100 =100%

6
And the label of innermost IDC in Figure 1C
(TDV=6 and TDV__=6) is:

6-6+1
IDC=—7—

g X 100 =17%

Therefore, outermost IDC encompasses voxels
with TDVs of 1 to 6 (100% of TDVs) while the in-
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nermost IDC encompasses only the voxels with
TDV of 6 (17% of TDVs) (Figure 1C). Following
auto-segmentation of IDCs, residual volume at risk
(RVR,,,) is generated for each IDC,,,, using the
Boolean operators of the treatment planning sys-
tem. RVR,, is defined as volume of virtual patient
minus the volume of the IDC,,,. It corresponds to
the potential volume in which the tissues and OAR
could be located in a hypothetical patient with the
target volume of IDC ..

Application of the standard treatment plan on
TDM

Conventional treatment plan, based on the IC ap-
plicator with standard loading and dose specifica-
tion at Manchester point A is applied to the TDM
(Figure 2A). Dose volume histogram (DVH) pa-
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FIGURE 2. Schematic representation of applicator modelling based on our
theoretical example of Target-volume Density Map (TDM). Above: Three virtual
applicators are reconstructed on the TDM. Dose distribution is optimized based on a
set of specific planning aims for the isodensity contours (IDC) and for residual volumes
atrisk (RVR). The optimized prescription isodoses for individual applicators are shown
as thick dotted lines. (A) Standard intracavitary applicator: limited possibility for
optimization. The planning aim is achieved for =70% IDC. (B) Combined infracavitary
and interstitial applicator with parallel parametrial needles (Vienna-type): planning
aim is achieved for *95% IDC. (C) Combined intracavitary and interstitial applicator
with parallel and oblique parametrial needles: planning aim as achieved for =100 %
IDC. (D) Characteristic curves for the IDC of the three applicator types. RVR curves
are not shown. Shaded areas under characteristic curves represents IDC ranges in
which certain applicator is able to achieve the planning aim. Arbitrary planning aim
and applicator thresholds are marked by dotted lines.
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rameters are recorded for individual IDC,,,s and
RVR,,,s. Recommended minimal set of DVH pa-
rameters for IDC,,, includes volume receiving the
prescribed dose (V100) and dose received by the
90% and 98% (D90 and D98) of the IDC,,,,, volume.
For RVR,,, minimum doses received by 2 cm® of
the most irradiated RVR,,, (D2cc) are recorded.
Characteristic curves for the IC applicator with
standard loading are generated by plotting the
DVH parameters against IDC,,, and RVR ,, levels
(Figure 2D).

Modelling of class solution IC+IS applicators

During this step of the process, characteristic
curves are used to assess the limitations of stand-
ard IC plans. TDV threshold at which the standard
plan fails to meet the planning aims for IDC and
dose constraints for RVR are identified (Figure 2).
Consequently, qualitative assessment of dose dis-
tributions is performed for treatment plans above
the threshold. This includes topographical analysis
of under-dosed and over-dosed regions of IDC and
RVR, respectively. Based on the topographic analy-
sis, virtual IS channels are added to the standard
IC applicator to achieve optimal implant geometry
for the corresponding IDC and RVR (Figure 2B
and 2C). Next, source dwell-positions and dwell-
times inside the IC and IS channels are adjusted
to optimize the dose distribution. These steps are
repeated in an iterative manner until class-solution
applicators, capable of covering complete TDM are
modelled. Determination of optimal implant ge-
ometry and loading and specification of planning
aims (IDC) and dose constraints (RVR) may vary
between or within planners, leading to various ap-
plicator solutions. For the purpose of this project,
we applied our institutional standard pre-planning
and optimization procedure which was described
recently.” Finally, characteristic curves of the
modelled prototypes are generated and compared
(Figure 2D).

Discussion

In our present project, we developed CAT 2 soft-
ware for TDM generation and related post-process-
ing methodology. Our method enables evidence-
based modelling of novel IC/IS applicator proto-
types and in-silico testing of existent devices. The
proposed approach is based on analysis of pooled
spatial information of target volumes from a repre-
sentative sample of patients in the “applicator-eye
view”.
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Lessons learned from historical evolution of
applicators are essential for optimal utilization
of modern development strategies, including our
TDM method. Historical Paris and Stockholm tech-
niques date back approximately 100 years.?>? The
applicators consisted of a rubber tandem and a
pair of colpostats (Paris technique) or flat vaginal
box (Stockholm method), pre-loaded with ?*Ra. In
the 1930’s, the Manchester system was developed,
introducing the point A and the applicator which
was geometrically similar to its predecessors.”
Nowadays, fixed geometry of uterine tandem and
vaginal components (ovoids, cylinders or ring)
enables reproducible insertion and reliable treat-
ment using small sealed sources and afterloading
technology. Standard loading patterns of modern
applicators mimic the historical patterns based on
milligram-hours of ?°Ra tradition.* In topographi-
cally unfavourable tumours, optimization of load-
ing can expand the prescribed dose for up to ap-
proximately 4 mm at the point A level.”” Target vol-
umes that extend beyond this region and cases with
unfavourable OAR topography pose a challenge
to standard IC techniques. Applicators with static
shielding in the ovoids were developed to improve
the therapeutic ratio by reducing the irradiation of
the OAR and their dosimetric impact was studied
extensively.33 Use of shielded devices outside
the context of IGABT and model-based dose cal-
culation algorithms may result in unintentional
shielding of the target volume and uncertainties re-
garding the OAR doses.?? Emerging technologies,
including static adjustable shielding and dynamic
modulated BT with rotating paddle, can achieve
highly conformal dose distributions in large tar-
gets of complex shapes.®% However, when used
in pure IC BT, directional modulation of intensity
may lead to excessively high doses near the ap-
plicator along the emission window axis.* These
techniques need to stand the test of further stud-
ies before their routine implementation. Dynamic
shielding may play an important role in the future,
especially if applied in combination with IC/IS in-
sertion technique.” In summary, the exciting tech-
nological developments which we have witnessed
over the past century failed to overcome the inher-
ent physical limitations of IC BT.

Manufacturing of non-ferromagnetic applica-
tors allowed for implementation of MRI based
IGABT.3¥4 This can be regarded as the single most
important advancement in the field of IC applica-
tor development over last decades. IGABT offered
an unprecedented opportunity to assess limita-
tions of standard IC applicators and design im-

proved IC/IS prototypes. TDM methodology de-
scribed in this manuscript is based on estimation
of the impact of individual applicator adjustments
on a single “virtual patient”, containing pooled in-
formation from a sample of patients. In contrast,
the traditional paradigm of empirical develop-
ment is based on analysis of applicator limitations
in individual cases, followed by iterative process
of technical improvements. Using the traditional
paradigm, novel IC/IS applicators were developed
recently. Dimopoulos et al. introduced the Vienna
tandem & ring applicator in which the ring serves as
template for insertion of parallel needles into the
parametria.?’ In their first report, 170 needles were
inserted in 22 patients. The mean depth of inser-
tion was only 37 +/- 7 mm and the mean difference
between planned and actual needle tip positions
was sub-millimetric. Due to the use of blunt nee-
dles and short needle tracks, no organ perforations
were identified and only 8.8% of the needles were
outside the CTV,,? Tandem & ovoids applica-
tor underwent similar evolution, resulting in the
Utrecht applicator with comparable geometric, clini-
cal and dosimetric characteristics.?>? IGABT with
these application techniques enables moderate
expansion and individual shaping of the isodose
distribution, leading to improved dosimetric and
clinical outcome.'?1417.2223 However, tumours with
major extra-cervical infiltration at time of BT that
extends beyond dosimetric reach of these applica-
tors remain to pose a special challenge (i.e. infiltra-
tion of sacrouterine ligaments and distal parame-
tria).

TDM-based methodology allows for objective
quantification of IC and IC/IS applicator charac-
teristics. By studying the impact of implant-ge-
ometry adjustments, prototypes of novel applica-
tors that are theoretically capable of covering any
target volume can be generated. Our method has
been endorsed by the Gynaecological GEC ESTRO
Network and preliminary results of its implemen-
tation in a multi-centre setting have been published
in abstract form.? In this study, CTV,,, delineations
from a representative sample of 264 patients were
used to generate a TDM. Standard IC and Vienna
IC/IS applicators achieved coverage of around 60%
and 95% IDC, respectively. Prototypes, able of cov-
ering the remaining 5% of most challenging IDCs
were proposed by adding virtual oblique needles
to the Vienna applicator.? The impact of applicator
geometries and dose optimization on RVR enve-
lopes was not assessed in this preliminary report.

In the final analysis of this study, which is cur-
rently underway, two dose optimization models
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will be applied: standard and optimized. (1) In the
standard model of dose planning, no RVRs will be
assumed around the IDCs and no RVR-based opti-
mization / reporting will be performed. This model
therefore represents the most favourable theoreti-
cal scenario in terms of IDC dose-coverage. (2) In
the optimized model, each IDC will be entirely
surrounded by an RVR envelope and achieving the
dose constraints for the RVR will be the absolute
priority of dose optimization process. Optimized
model is therefore the theoretical worst case sce-
nario in terms of IDC coverage and it is practically
never encountered in real clinical practice. In opti-
mized model, the reported D2cc parameters for all
the RVR envelopes will be the same, reflecting the
RVR dose constraints. The utility of the proposed
two-model approach is as follows: the two extreme
planning approaches are the limiting scenarios,
between which the actual clinical situations are
expected. Consequently, the area between the two
limiting IDC characteristic curves can be regarded
as the “useful area” of a specific applicator. We be-
lieve that the development of new applicator pro-
totypes, based on the TDM method will lead to fur-
ther testing in clinical studies and finally commer-
cial availability of safe, feasible and dosimetrically
optimal devices, capable of covering the BT target
volumes in any clinical situation. It can be expected
that this will translate into further improved clini-
cal outcomes of locally advanced cervical cancer
management.

The emerging technology of personalized 3D
printing of single-use IC/IS BT applicators is an
exciting alternative to commercially available de-
vices.®? Individual tailoring of the applicator size,
shape and source channel geometry according to
patient’s anatomy and tumour topography can
be considered as the ultimate method to adaptive
BT insertion. Advanced level of expertise, routine
availability of pre-BT MRI, access to 3D printer and
dedicated clinical time are required for implemen-
tation of 3D printing approach. Thus, standard IC/
IS applicators remain to play an important role, es-
pecially in clinical settings with high incidence of
cervical cancer and limited resources, making the
TDM method presented here highly relevant.

In our method, the differences in tandem length
and ring diameter are not taken into account dur-
ing co-registration process, leading to a minimal
overlap between the central parts of some target
volumes with the reference applicator. Since cen-
tral voxels are located in vicinity of the sources and
high dose regions, this inconsistency bears mini-
mal significance and is of limited interest for ap-
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plicator development. The relevance of applicator
development in the context of IGABT depends on
accuracy of contouring of the target volume and
organs at risk. There is a growing body of evidence
that contouring uncertainties may be the weak-
est link in the process of IGABT.# Since our TDM
methodology relies on import of individual target
volume delineations, contouring uncertainties can
undermine the validity of TDM-based applicator
prototyping. Therefore, quality assurance of im-
ported contours is essential for clinically relevant
utilization of our method. There are three major as-
pects that need to be considered in this regard: (1)
selection of target volume for TDM generation, (2)
experience of radiation oncologists and (3) imaging
modality for target volume delineation.

Selection of target volume for target
density mapping

CTV,, was recently identified as the most robust
target volume for dose prescription and optimiza-
tion in cervical cancer IGABT.*# When comparing
delineations of ten observers with the expert con-
sensus contours, the mean conformity index for the
GTV, CTV, and CTV,,, was 0.58, 0.68 and 0.72, re-
spectively. Corresponding mean inter-delineation
distances were 4.2 +/-3.5mm, 5.2 +/- 5.6 mm and 3.8
+/- 3.4 mm, respectively.* Other published studies
revealed similar degree of inter-observer variation
for the CTV ;%% and confirmed more favour-
able results for CTV,, when compared with GTV
and CTV* In conclusion, we recommend using
CTV,,; as the target structure for TDM generation.

Experience of radiation oncologists

CTV,,; contouring is a challenging procedure with
a long learning curve.*® The observers in published
inter-observer studies on cervical cancer IGABT
were experts, participating in the EMBRACE
protocol (IntErnational study on MRI-guided
BRAchytherapy in locally advanced CErvical can-
cer) or contouring instructors.**® GEC ESTRO rec-
ommendations were strictly applied in these stud-
ies.%% In spite of the favourable circumstances, the
magnitude of “residual” uncertainties at expert
level was substantial and was reflected in clini-
cally relevant uncertainties of the reported DVH
parameters.*# Therefore, complete elimination of
contouring uncertainties from clinical practice is
not-realistic. This needs to be taken into account
when interpreting the results of studies and is
one of the major inherent limitations of the TDM



Petric P et al. /Applicator development for cervical cancer brachytherapy

method presented here. To ensure optimal valid-
ity of the TDM method, the imported contours
should ideally originate from clinical studies with
expert-based peer review or plausibility checking
for quality control.

Imaging modality

MRIis gold standard for cervical cancer IGABT and
GEC ESTRO recommendations on various aspects
of its use in IGABT were published.?4! Excellent
clinical results of mono- and multi-institutional
studies can be regarded as indirect confirmation
of validity of the concepts and terms, defined in
these recommendations.”® While guidelines for
CT-based contouring recently became available,
physical limitations of CT for soft tissue depiction
remain a major impediment.® Not surprisingly, in-
ter-observer studies on contouring variation dem-
onstrate superior results for MRI-based delineation
when compared with CT-based approach.-5
Ultrasound and PET CT may add complemen-
tary information during delineation, but their role
as eventual independent modality for contouring
remains to be defined. In summary, TDM-guided
applicator prototyping should be based on target
volumes, delineated on MRI.

Conclusions

We developed methodology for applicator mod-
elling based on pooled analysis of target volumes
in reference applicator-eye-view. The system
was validated using the phantom geometries.
Recommendations to minimize uncertainties re-
sulting from contouring variation were proposed.
Using our method, virtual applicator prototypes
capable of covering any target volume can be de-
veloped. Computer-based modelling represents
the basic step in development of applicator pro-
totypes which need to undergo further systematic
assessment, including studies on clinical feasibility
and safety. Our methodology was applied in mul-
ti-institutional setting and promising preliminary
outcome published.?* Final analysis of the data is
currently underway.
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Racunalnisko modeliranje prototipov aplikatorjev za

brahiterapijo raka vratu maternice
Petri¢ P, Hudej R, Al-Hammadi N, §egedin B

Izhodisca. standardni aplikatorji za brahiterapijo raka vratu matermnice ne omogocajo vedno zadovoljivega razmerja med
obsevanostjo tarénega volumna in okolnih zdravih tkiv. Nas cilj je bil razviti metodologijo za razvoj prototipov aplikatoriev z
optimalnimi dozimetri¢nimi lastnostmi.

Bolniki in metode. Prednostna naloga je bila razvoj radunalniskega orodja za slikovni prikaz porazdelitve tarénih volu-
mnov (ang. Target-volume Density Map; TDM). Uvodoma smo opredelili zahteve glede funkcionalnosti nacrfovanega orodja,
na podlagi katerih smo programirali. Z uporabo objektov znanih oblik in velikosti smo preverili natanénost razvitega programa.
Koncno smo opredelili postopek nadaljnje obdelave TDM-ja, na katerem je temeljil razvoj novih aplikatorjev.

Rezultati. 1zdelali smo programsko orodje za analizo kontur 2 (ang. Contour Analysis Tool 2; CAT 2). TDM smo naredili z
zdruzevanjem obrisov tarénih podrodij iz vzorca slik DICOM (ang. Digital Imaging and Communications in Medicine) bolnic
z vstavljenim aplikatorjem. Pri zdruzevanju tarcnih obrisov smo s CAT-2 poravnali taréne obrise na referencni aplikator. Vsak
voksel (angl. voxel, volumetric pixel) TDM-ja je opredelil vrednost, ki je predstavljala Stevilo obrisov, ki so ta voksel obdajali.
Stevilcne vrednosti smo pretvorili v podrocja sivine in shranil TDM v obliki slike DICOM. Nadaljnjo obdelavo TDM-ja smo naredili
v racunalniskem planirnem sistemu. Z uporabo orodja za avtomatsko vrisovanje smo ustvarili obrise podrocij z enako sivino
(ang. Iso Density Contours; IDC). Obmocja, ki so obdajala posamezen IDC, smo opredelili kot prostor, v katerem bi lahko bila
okolna zdrava tkiva (angl. Residual Volume at Risk; RVR). Po namestitvi standardnih in prototipnih aplikatoriev na TDM in op-
fimizaciji doznih porazdelitev smo zabeleZili dozno-volumske parametre in ustvarili karakteristicne krivulje aplikatorjev. Slednje,
ob upostevanju predvidene zahtevnosti klinicne uporabe in prostorske porazdelitve doze, so sluZile za opredelitev prototipov
z najbolj§imi dozimetri€nimi lastnostmi.

Zaklj ucki. Razvita metoda predstavlja osnovo za razvoj prototipov brahiterapevtskih aplikatorjev, ki omogocajo optimalno
dozno porazdelitev v katerikoli klinicni situaciji. Pred morebitno rutinsko uporabo novih aplikatorjev je potrebno testiranje, da
bi lahko ugotovili njihovo varnost in klini€no ucinkovitost.
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Prezivetje pri nevtropenicnih bolnikih z rakom in
hudo okuzbo brez vrocine
Strojnik K, Mahkovic-Hergouth K, Jezersek Novakovi¢ B, Seruga B

Izhodisca. Vrogina pri neviropenicnih bolnikih z rakom je lahko odsotna kljub mikrobiolosko in/ali klini€no potrieni okuzbi.
Postavili smo hipotezo, da imajo afebrilni neviropenicni bolniki z rakom in hudo okuZbo slabsi potek bolezni, kot tisti s febrilno
neviropenijo.

Metode. V retrospektivno raziskavo smo vkijuéili vse odrasle bolnike z rakom, zdravijene s kemoterapijo, ki so zaradi hude
neviropenic¢ne okuzbe potrebovali intenzivno zdravljenje na Oddelku za intenzivno terapijo Onkoloskega instituta Ljubljana
med leti 2000-2011. Nas primarni namen je bil ugotoviti celokupno 30-dnevno bolnisni¢no umrljivost. Povezavo med febrilnim
statusom in 30-dnevno bolnisni¢no umrljivostjo smo ugotavljali s Fisherjevim eksaktnim testom.

Rezultati. ugotovili smo 69 epizod hudih neviropeni&nin okuzb pri 65 bolnikih z rakom. Med temi je bilo 9 (13 %) epizod
afebrilnih. Tisti z afebrilnimi neviropeni¢nimi okuzbami so imeli naslednje klinicne znake oz. simptome okuzbe: hipotenzijo, hudo
utrujenost z inapetenco, mrzlico, spremenjeno mentalno stanje ter kaselj; pri vseh je okuzba napredovala v hudo sepso ali
septic¢ni Sok. Celokupna 30-dnevna bolnisni¢na umrljivost je bila 55,1 %. Bolniki z afebrilno neviropenicéno okuzbo so imeli teznjo
visie umrljivosti v primerjavi z bolniki s febriino nevtropenijo (78 % vs. 52 %, p = 0,17).

Zakljucki. izsledki raziskave kazejo teznjo visie umriivosti pri rakavih bolnikin z afebrilno neviropenicno okuzbo v primerjavi s
fistimi s febrilno nevtropenijo. Bolnike z rakom, ki se zdravijo s kemoterapijo, bi bilo potrebno opozoriti, da lahko hude neviro-
peni¢ne okuzbe potekajo tudi brez povisane telesne temperature.
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