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pemetrekseda. Pomozne snovi: Vsaka viala vsebuie priblizno 54 mg natrija, manitol, klorovodikova kislina, natrijev hidroksid. Terapevtske indikacije: ALIMTA je v kombinaciji s cisplatinom indicirana za zdravljenje bolnikov z neresektabilnim malignim plevralnim mezoteliomom, ki jih 3e
nismo zdravili s kemoterapijo. ALIMTA je v kombinaciji s cisplatinom indicirana kot zdravljenje prvega izbora za bolnike z lokalno napredovalim ali metastatskim nedrobnoceli¢nim karcinomom plju¢, ki nima pretezno plo$¢atoceli¢ne histologije. ALIMTA je indicirana kot monoterapija
za zdravljenje lokalno napredovalega ali metastatskega nedrobnoceli¢nega plju¢nega karcinoma, ki nima pretezno plos¢atoceli¢ne histologije pri bolnikih, pri katerih bolezen ni napredovala neposredno po iji na osnovi platine. ALIMTA je indicirana kot monoterapija za
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uporabo kemoterapije za zdravljenje raka. ALIMTA v kombinaciji s cisplatinom Priporoceni odmerek ALIMTE je 500 mg/m2 telesne povrsine (TP), dan kot intravenska infuzija v 10 minutah prvi dan vsakega 21-dnevnega ciklusa. Priporoceni odmerek cisplatina je 75 mg/m2 TP infundiran v dveh
urah priblizno 30 minut po zakljucku infuzije pemetrekseda prvi dan vsakega 21 dnevnega ciklusa. Bolniki morajo prejeti zadostno antiemeticno zdravljenje, pred in/ali po prejemanju cisplatina jih moramo tudi ustrezno hidrirati. ALIMTA kot samostojno zdravilo Priporoceni odmerek ALIMTE je
500 mg/m2 TP, dan kot intravenska infuzija v 10 minutah prvi dan vsakega 21 dnevnega ciklusa. Rezim premedikacije Da zmanjsamo incidenco in resnost koznih reakcij, dajemo kortikosteroid dan pred dajanjem pemetrekseda, na dan dajanja pemetrekseda in naslednji dan. Kortikosteroid naj
ustreza 4 mg deksametazona, danega peroralno dvakrat dnevno. Za zmanjsanje toksi¢nosti morajo bolniki dnevno jemati tudi peroralno folno kislino ali multivitaminski pripravek, ki jo vsebuje (350 do 1000 mikrogramov). V sedmih dneh pred prvim odmerkom pemetrekseda morajo vzeti vsaj
pet odmerkov folne kisline, odmerjanje pa morajo nadaljevati ves ¢as zdravljenja in 3e 21 dni po zadnjem odmerku pemetrekseda. Bolniki morajo prejeti tudi intramuskularno injekcijo vitamina B12 (1000 mikrogramov) v tednu pred prvim odmerkom pemetrekseda in enkrat vsake tri cikluse
zatem. Kasnejée injekcije vitamina B12 lahko dajemo isti dan kot pemetreksed. Kontraindikacije: Preobcutljivost za zdravilno ucinkovino ali katerokoli pomozno snov. Dojenje. Socasno ceplienje proti rumeni mrzlici. Posebna opozorila in previdnostni ukrepi: Pemetreksed lahko zavre
delovanje kostnega mozga, kar se kaze kot nevtropenija, trombocitopenija in anemija (ali pancitopenija). Mielosupresija obi¢ajno predstavlja toksi¢nost za omejitev odmerka. Pri bolnikih, ki pred zdravljenjem niso prejemali kortikosteroidov, so porocali o koznih reakcijah. Uporabe pemetrekseda
pri bolnikih z ocistkom kreatinina < 45 ml/min ne priporo¢amo. Bolniki z blagim do zmernim popuscanjem delovanja ledvic naj se izogibajo jemanju nesteroidnih protivnetnih zdravil (NSAID), denimo, ibuprofena in acetilsalicilne kisline 2 dni pred dajanjem pemetrekseda, na dan dajanja in 3e 2
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Editorial - the first Impact factor
for Radiology and Oncology

Dear authors, dear readers, dear reviewers of Radiology and Oncology. The year 2011 was crucial for
Radiology and Oncology, we have got the first Impact Factor for 2010; 1.97 in the field of Oncology. Our
journal is currently listed on the place 119 among 185 journals. The factor assigned is very high, which
makes us even more obliged to continue with the editorial policy that has brought us to such success.
The immediate response of the community was increased submission rate. As the result of that it was a
great effort of the editors, based on assessments of the reviewers, to select the best manuscripts that were
published in 2011 and are being in publication process now. In relation to that also the rejection rate in-
creased to 55%.

Encouraged with the success so far, we are introducing some novelties that should help us to maintain
good quality of published articles and speed up editorial process. In relation to the first, we introduced
plagiarism checking and in respect to the second we have introduced the electronic editorial system. The
electronic editorial system on www.radioloncol.com is an easy system for electronic submission of manu-
scripts, which will also help the editors and reviewers to professionally manage the manuscripts. Your
comments on the efficacy of it will greatly help us to improve our communication with the authors. This
web site will gradually become the principal home page of Radiology and Oncology. However, the open
access of the papers will still remain on http://versitaopen.com/ro, as it is now.

The open access policy of Radiology and Oncology brings also a financial burden that has to be shared
with the authors, as many open access journals do. Already in 2011 some authors have responded to our
invitation and have voluntarily paid publication fee, we are greatful. This year we will continue with
this process, put some pressure on the authors, especially those that have their research subsidized by
research funds. However, we will continue to publish printed copy of Radiology and Oncology, along the
open access.

To maintain the quality of the papers we ask reviewers to rigorously evaluate the manuscripts. In order to
continue with fast publication in E-ahead of print on http://versitaopen.com/ro we need also their quick
response. Since Radiology and Oncology covers different aspects of oncology, we need reviewers from
different specialties. This task will remain predominantly on the members of the Editorial Board, but we
are asking also other experts for their help; all those that are interested please feel free to send me a note
and we will put you on the referee’s list.

The growth of our journal is a great challenge for us at the editorial office and we invite you all to par-
ticipate in this endeavor. Send us high quality papers for publication, be rigorous and fair in the reviews,
and finally and of utmost importance, help us in even higher recognition of our journal in the professional
community.

Best regards,

Prof. Gregor Sersa, Ph.D.
Editor in Chief

Viljem Kovac, M.D. Ph.D.
Executive Editor
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Background. Precise assessment of dental pulp anatomy is of an extreme importance for a successful endodontic
treatment. As standard radiographs of teeth provide very limited information on dental pulp anatomy, more capable
methods are highly appreciated. One of these is 3D magnetic resonance (MR) microscopy of which diagnostic cao-
pabilities in terms of a better dental pulp anatomy assessment were evaluated in the study.

Materials and methods. Twenty extracted human teeth were scanned on a 2.35 T MRI system for MR microscopy
using the 3D spin-echo method that enabled image acquisition with isotropic resolution of 100 um. The 3D images
were then post processed by ImageJ program (NIH) to obtain advanced volume rendered views of dental pulps.
Results. MR microscopy at 2.35 T provided accurate data on dental pulp anatomy in vitro. The data were presented
as a sequence of thin 2D slices through the pulp in various orientations or as volume rendered 3D images recon-
structed form arbitrary view-points. Sequential 2D images enabled only an approximate assessment of the pulp, while
volume rendered 3D images were more precise in visualization of pulp anatomy and clearly showed pulp diverticles,
number of pulp canals and root canal anastomosis.

Conclusions. This in vitro study demonstrated that MR microscopy could provide very accurate 3D visualization of
dental pulp anatomy. A possible future application of the method in vivo may be of a great importance for the en-
dodontic freatment.

Key words: MR microscopy; dental pulp anatomy; endodontic freatment; 3D visualization

Introduction

attempts were made to image hard dental tissues,
such as enamel, dentin and cementum.!3'>

Magnetic resonance imaging (MRI) is nowadays a
well-established imaging modality that is used in
various medical fields as well as in material sci-
ence.? Among medical MRI applications it is also
an emerging field of MRI applications in dentistry
which include: diagnosis of temporomandibular
joint pathological changes, inflammatory condi-
tions of the facial skeleton, examination of salivary
glands, maxillary sinuses, masseter muscles, detec-
tion of early bone changes such as neoplasm, frac-
tures, inflammatory conditions, as well as imaging
of mouth floor and tongue.>'? Furthermore, some
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MRI in dental applications can be divided into
imaging of soft dental tissues (dental pulp and
periodontal tissues) and of hard dental tissues
(enamel and dentin). Hard dental tissue imaging
is in particular challenging as the amount of wa-
ter in the microstructure of enamel and dentine
is low and T, relaxation times of water in the tu-
bules are very short, of the order of a millisecond.!
17 Both effects significantly reduce the MRI signal
and make imaging of these tissues practically im-
possible with the use of standard imaging tech-
niques, such as spin-echo (SE) or gradient-echo

doi:10.2478/v10019-012-0018-y
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(GE). However, hard dental tissues can still be im-
aged by MRI using special techniques that were
designed to acquire MR signal from samples with
short T, relaxation times. Such techniques are sin-
gle point imaging (SPI), SPRITE and stray field MR
imaging (STRAFI).132 In caries lesions properties
of hard dental tissues are significantly altered. A
demineralization process in the lesions results in
an increase of porosity and with it associated in-
crease of water concentration and prolongation of
T, relaxation time of water in dentin.?! This makes
detection of caries lesions possible using standard
MRI techniques, such as T -weighted MRL*?> One
of most recent MRI studies demonstrated that car-
ies affected also dental pulp by changing its diffu-
sion properties.?

As opposed to hard dental tissues, soft dental
tissues have higher water content and much long-
er T, relaxation times. Therefore, MRI imaging of
these tissues by standard MRI techniques, such as
2D or 3D spin-echo or gradient-echo, is possible.
While today’s MRI technology can provide clini-
cally useful images of soft tissues in vitro*, in vi-
vo application of the method is still a challenge.
Relatively a high MRI signal of soft dental tissues
enables also high-resolution imaging of a dental
pulp anatomy. An early attempt in this direction
was done by Lockhart ef al..”® In the study a strong
9.4 T magnetic field was used to obtain MR images
of the pulp chamber in vitro and to visualize the
tooth outline. Differences of signals from differ-
ent anatomical regions of the tooth were detected.
Tanasiewicz demonstrated the use of the 3D spin-
echo MR imaging technique as a tool to visualize
the inner space in the root canal system during the
prosthodontic procedure for post preparation.?

In everyday clinical practice, for a successful en-
dodontic treatment that includes the removal of all
infected material in the dental pulp, it is extremely
important to have an accurate assessment of the
pulp chamber anatomy and of root canals. Large
diversities of pulp chamber and pulp canal shapes
are present within the same tooth group. In addi-
tion, teeth of the same group may have different
number of pulp canals. Canal irregularities such as
anastomosis, small lateral canals and canal split-
ting are also frequently observed.?” These irregu-
larities make the endodontic therapy difficult and
its outcome less predictable unless a precise dental
pulp anatomy is known before the treatment. In
a standard clinical procedure, the pulp anatomy
is assessed from tooth radiographs, which are
only 2D projections of a tooth and can show only
hard dental tissues and not the soft pulp tissue.
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Therefore, anatomy of the dental pulp and root ca-
nals on X-ray films is presented only indirectly as
signal voids (empty spaces) inside the tooth. These
problems could be overcome by a technique that
would enable visualization of soft dental tissues.

The aim of our work was to demonstrate that
magnetic resonance (MR) microscopy is a powerful
tool for visualization of soft dental tissues and can
be used for a precise assessment of the dental pulp
anatomy. Our study was performed on extracted
human teeth that were imaged in 3D by high-spa-
tial-resolution magnetic resonance imaging (MR
microscopy). Although the radiographic examina-
tion is still a diagnostic method of choice in den-
tistry, MR imaging may take its place in future due
to its several advantages. MRI can visualise soft
dental tissues and is harmless as it does not involve
any ionizing radiation. This is especially important
when repetitive examinations are required.

Materials and methods

Twenty extracted human teeth were used in this
study: seven premolars and thirteen molars. The
teeth were extracted due to orthodontic therapy
(four premolars), due to surgical intervention (two
premolars and nine molars) and due to periodon-
tal problems (one premolar and four molars). The
visual inspection of the extracted teeth showed that
one premolar had composite filling on occlusal and
distal plate, one had local demineralization proc-
ess, two molars had caries lesions on the occlusal
and a proximal face, and one molar had amalgam
filling on the occlusal plate. Remaining teeth were
intact. The teeth were immersed in physiologi-
cal solution immediately after the extraction and
stored in a low temperature environment (4°C).
MRI imaging of each tooth in the study was started
within 12 h after the tooth extraction to avoid au-
tolytic changes in the pulp that may affect its MR
image. To prevent the tooth desiccation during the
experiment all the teeth were protected by either
a thin layer of paraffin or tube sealing wax. Tooth
coating with sealing wax was very convenient as it
enabled visualization of the tooth outline. Namely,
the imaging method used in the study enabled the
detection of sealing wax and not of paraffin as it
had too short MR signal.

MRI of teeth was performed on a system for MR
microscopy consisting of a TecMag MR spectrom-
eter and a 2.35 T horizontal bore Oxford supercon-
ducting magnet equipped with a Bruker MR mi-
croscopy probe with maximum imaging gradients



of 300 mT/m. The probe had RF inserts of various
sizes. All experiments were performed using a
15 mm RF insert (Figure 1). To obtain high spatial
resolution and a good signal to noise ratio of soft
dental tissues the teeth were scanned by 3D spin-
echo imaging technique. In all experiments imag-
ing field of view was equal to 25 mm in the tooth
axial direction and was equal to 12.5 mm in both
perpendicular directions, imaging matrix was 256
by 128 by 128, which yielded imaging resolution of
100 pm in all three spatial directions. Other imag-
ing parameters were echo time 2.4 ms and repeti-
tion time 600 ms. Images were acquired with eight
signal averages to improve their signal to noise ra-
tio. The total scan time was 22 hours.

Acquired raw image data sets were reconstruct-
ed by NTNMR software (TecMag, Houston TX,
USA) to obtain 3D images of teeth. The 3D images
were then post processed by the Image] program
(NIH, Bethesda MD, USA) using Volume] plugin
(University of Iowa Hospitals and Clinics, Iowa,
USA) to calculate advanced volume rendered
views to dental pulps.

The investigators followed recommendations of
the Helsinki Declaration (1964, with later amend-
ments) and of the European Council Convention
on Protection of Human Rights in Bio-Medicine
(Oviedo 1997).

Results

A 3D MR microscopic image of an extracted hu-
man tooth (lower second molar) is presented in
Figure 2. The tooth orientation in the image is from
mesial to the distal part. Mesio-lingual and mesio-
distal canals are in front of the image, while at back
it is the distal canal. The outline of the tooth is visu-
alised by covering its surface with sealing wax with
a detectable MR signal. A dark region between the
inner dental pulp and the outer layer of the seal-
ing wax coating corresponds to hard dental tissues
(enamel and dentine). In the image, hard dental tis-
sues appear dark as they contain low amount of
free water, which has in addition also very short
T, relaxation time. Therefore, hard dental tissues
yielded an NMR signal undetectable by the stand-
ard spin-echo method. In contrary to hard dental
tissues, the dental pulp can be clearly seen. The
pulp is a soft dental tissue and it yields a MR signal
detectable by the standard spin-echo method due
to a high amount of free water and its relatively
long T, relaxation time. Vertical and horizontal
schematic lines in Figure 2 represent positions of
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FIGURE 1. A 15 mm RF coil insert for a MR microscopy probe. A human molar is
placed inside the coil.
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FIGURE 2. Volume rendered image of an extracted human tooth. Image orientation
of the tooth is from mesial fo distal part. Mesio-lingual and mesio-distal canals are in
front of the image, at the back it is the distal canal. Hard dental tissues (dentine and
enamel) produce no detectable MR signal due to a low water content and short T2
relaxation time. However, the outline of hard dental fissues can still be seen as a sig-
nal void region between the surface wax coating and the pulp inside the tooth. Red
and green lines indicate positions of vertical and horizontal slices across the tooth.
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FIGURE 3. Images of consecutive 24 horizontal (A) and 24 vertical (B) slices across
the dental pulp in Figure 2. The images are subsets of the 3D T1-weighed MR im-
age of the pulp acquired using imaging matrix 256 x 128 x 128 and isotropic image
resolution of 100 um; numbers at the bottom of each image are slice indices. The
pulp anatomy in horizontal plane is visualised from the coronal parts to the apical
foramina. In horizontal slices, shape and volume of the pulp chamber as well as the
number and shape of root canals are presented. The cross section of the mesio-
buccal and distal canal is spherical in contrary to the mesio-lingual canal, which
is more oval and kidney-shaped. A precise inspection of the mesio-lingual canal in
slice 65 shows that ifs cross section is elongafted from mesial to distal direction and
that it could consist of two canals. Vertical slices are convenient for tracking of the
course of single root canals.

vertical and horizontal slices across the tooth that
are shown in Figure 3.

Figure 3 depicts anatomy of the tooth from
Figure 2 in consecutive horizontal (A) or vertical
(B) slices. In Figure 3A, pulp anatomy in horizontal
plane is visualised from coronal parts (slice 108) to
the apical foramina (slice 223). A progression of the
pulp chamber shape and volume is presented from
slice 113, where distal and a mesio-lingual diver-
ticle are first noticed, to slice 138, where the maxi-
mal volume is reached. The mesio-buccal diverticle
is visible in slice 123. The pulp volume begins to
decline from slice 138 to slice 158 where the pulp
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chamber ends and root canals start. Therefore, the
entire pulp chamber is presented in slices from 108
to 158. The number and shape of root canals are best
seen in slice from 158 to 223. From the canal start
in slice 158 to the apical end in slice 223, it is pos-
sible to track the path of each individual canal. In
slice 158 three canals can be seen: a mesio-lingual,
mesio-distal and distal canal. The cross section of
the mesio-buccal and distal canal is spherical in
contrary to the mesio-lingual canal, which is more
oval and kidney-shaped. A more careful inspec-
tion of the mesio-lingual canal in slice 168 shows
that its cross section is elongated from a mesial
to distal direction and that it could consist of two
canals. The second mesio-lingual canal is smaller
and it could be interconnected with the first mesio-
lingual canal. Pulp anatomy in consecutive vertical
slices is shown in Figure 3B in slices from 44 to 110.
The most prominent part of the pulp chamber is
shown in slice 44 (in horizontal slice 133 and 138
in Figure 3A). The course of the mesio-buccal root
canal can be seen in consecutive vertical slices for
56 to 68.

The same 3D MR microscopy data, as already
shown in Figure 3, can be used to calculate volume
rendered views of the dental pulp from various
viewpoints. An example of this is shown in Figure 4
where view points to the tooth from Figures 2 and
3 are 20° apart around the vertical axis. Shape of
the pulp chamber, spatial configuration of a root
canal system, extent of pulp diverticles and the
number of pulp canals are visualized in the volume
rendered images with an even higher accuracy
than in consecutive 2D slices (Figure 3). The pres-
ence of the fourth root canal, which was in a single
projection technique only a speculation, is now ob-
vious. A careful inspection of rotated 3D images of
the dental pulp clearly demonstrates dental pulp
complex anatomy and its unique shape. The me-
sio-lingual canal is consisted of two interconnected
canals. The wrapping of all canals toward the cen-
tral vertical axis is also apparent. The curvatures
are pronounced at the apical third of all canals. The
distal canal is twisted not only to the centre of the
apical part but at the same time also to the buccal
direction of the tooth (the first image in Figure 4).
Volume rendered images enabled visualization of
the root canal system along with tracking of each
individual root canal from the pulp chamber to
the apical end. The accurate determination of the
number of root canals was possible as well.

The used method performed equally well also
in other teeth included in the study that had vari-
ous anatomical features. In all cases the visualized



tooth anatomy was precise and allowed the anato-
my assessment of diagnostic relevance.

Discussion

Results of our in vitro study at 2.35 T demonstrated
that high-resolution 3D MR imaging of a dental
pulp with high accuracy is feasible and that this
technique has numerous advantages over stand-
ard radiographic imaging of teeth. Firstly, the ra-
diographic technique requires the use of harmful
X-ray radiation, while there is no harmful radiation
in MRI. The only limiting factor with respect to
safety issues is the specific absorption rate (SAR),
which leads to tissue heating. Secondly, as op-
posed to radiographic imaging, which is a 2D pro-
jection technique, MRI is not a projection technique
and can acquire images of the sample in a sequence
of 2D slices or as a 3D data set with an isotropic
spatial resolution. The path of X-rays in dental ra-
diographs is always in bucco-oral direction (X-ray
path is perpendicular to bucal plane of the tooth)
so that overlapping of tooth details almost always
occurs. In addition, 3D image datasets contain
much more information compared to radiographic
2D projections. 3D images can be converted into a
projection if all slices of identical orientation are
summed together. However, 3D image data sets
enable many other advanced image processing
operations, such as reconstruction of image slices
across the sample in an arbitrary orientation or
volume rendering operations. Thirdly, MRI can
detect signal of soft tissues, so it is very convenient
for imaging of the dental pulp. The image of the
pulp cannot be directly acquired by radiographic
imaging. This can directly detect only hard den-
tal tissues, whereas the pulp anatomy can be es-
timated only indirectly form signal voids between
hard dental tissues. In that sense MRI produces im-
ages of a reversed contrast as compared to the ra-
diographic technique (dark solid tissues and bright
soft tissues). The fact that a dental pulp produces a
strong MRI signal can be used for the assessment
of the dental pulp anatomy, either in a sequence of
2D slices or by volume rendered projections of the
pulp. As it is shown in our study (Figure 4), the lat-
ter has several advantages in terms of more precise
observation and better understanding in compari-
son with the standard X-ray radiography.

MRI and X-ray radiography have an inherently
different signal origin. In MRI, the signal originates
in protons of liquids in a sample, while in X-ray the
signal is a consequence of X-ray absorption on their
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FIGURE 4. Volume rendered images of the dental pulp from Figure 3 in 18 differ-
ent viewpoints 20° apart around the vertical axis. The shape of the pulp chamber,
extent of pulp diverticles and the number of pulp canals are visualized with a high
accuracy. Volume rendered images clearly demonstrate the complex anatomy of
the dental pulp dental pulp and its unique shape. The presence of fourth root canal
is obvious. The mesio-lingual canal is consisted of two interconnected canals. The
wrapping of all canals toward the central vertical axis can also be seen.

travel across the sample. The X-ray absorption de-
pends on a tissue density. It is higher in hard den-
tal tissues, which have a high mineral content and
it is lower in tissues with a low mineral content. As
soft dental tissues have a very low mineral content,
X-rays travel through them practically without
any absorption so that soft dental tissues represent
signal voids or an empty space inside the tooth in
radiographs. As X-rays can only detect differences
in film exposure, the detection of a decay or caries
lesion in enamel or dentin is very difficult if it is
surrounded by a massive well mineralised tissue.
The projection nature of radiography, which
is its major limitation, can be overcome by CT or
micro-CT scanning, which can produce images of
individual slices across the sample. In that sense
CT is a true imaging modality and is not just a pro-
jection technique. However, image slices are lim-
ited in orientation by the rotation axis of the X-ray
source and detectors. In addition, contrasts char-
acteristics of CT are similar to that of radiographic
imaging (bright solid tissues and dark soft tissues).
MRI is not limited in orientation of imaging slices.
These can be acquired in any spatial orientation.
Large diversities in dental pulp anatomy are
known from literature.?® Using MR microscopy,
size and shape of the tooth pulp chamber, the
number, size and shape of root canals can be clearly
visualised. Conventional tooth radiographs show
only 2D projection of a tooth in the bucco-lingual
direction in which the third and fourth canal can-
not be seen at all. The superposition of pulp struc-

Radiol Oncol 2012; 46(1): 1-7.



Sustercic D and Sersa 1 / MRI of teeth

tures, which lay in the same bucco-lingual plane
are the cause for the lack of accuracy of classical
X-ray radiographs. In our example the fourth canal
is smaller and originates at almost the same part of
the pulp chamber as mesio-lingual canal, it is very
difficult to detect it. Because of this, in everyday
clinical practice, teeth with anatomical particulari-
ties are likely to be wrong diagnosed, which could
jeopardise their endodontic treatment. The dif-
ficulty of finding the fourth canal is well demon-
strated also in Figure 3A, where horizontal slices
across the second molar are shown. The fourth ca-
nal is considerably smaller and is interconnected
with the mesio-lingual canal from the pulp cham-
ber, where it originates to the apical part of the
tooth. This anatomical feature is clearly presented
by the sequence of volume rendered 3D images of
the dental pulp (Figure 4).

In our in vitro experiments teeth were coated
with a material (thin layer of paraffin or tube sealing
wax) that prevented desiccation of the tooth during
imaging. This was important as desiccation could
result in production of void spaces at the dentin-
pulp interface. In addition, small gas bubbles could
also be produced at the interface as a result of au-
tolytic changes of the pulp tissue. These effects can
be seen in Figure 4 as areas of roughened surface in
volume rendered images of root canals.

Presently, a conventional radiographic exami-
nation is still much cheaper and more available
than a clinical MRI examination. Conventional ra-
diography provides images of teeth practically in-
stantaneously, while high-resolution MRI of teeth
in vivo in a reasonable scan time, which is limited
by patient comfort and safety, is still a great chal-
lenge. For in vivo MRI of teeth a dedicated hard-
ware is needed. This includes special dental RF and
gradient coils, perhaps even a new magnet design.
A special care must be taken also in optimization
of an imagining sequence used. For the targeted
tissue (dental pulp), the sequence should provide
the best compromise between the resolution and
scan time. As human teeth are relatively small and
the resolution needs to be high, there is perhaps
even a need for a stronger magnet, not only that
its shape has to be adjusted for dental applications.
There are no such systems on the market yet and
all in vivo studies were done on convectional clini-
cal scanners with or even without dedicated coils.
One such study was done on a 1.5 T clinical scan-
ner using 3D RARE with a scan time of 8 minutes,
which enabled 3D visualization and quantifica-
tion of caries lesions and dental pulp in vivo.? The
resolution obtained was 300x300x300 um?, which
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is relatively low compared to what can be obtained
in vitro in high-field high-resolution NMR mag-
nets. Unfortunately, these magnets are expensive
in comparison to permanent or resistive magnets;
however, they have numerous advantages. Not
only that their magnetic field is high, they also
produce very stable and extremely homogeneous
magnetic field. So they are practically the only effi-
cient solution for high-resolution MRI of teeth. An
example of a dental study using high-field NMR
magnets was done by Baumann ef al.?® who used 7
T magnet to obtain high-resolution images of a root
canal system with isotropic resolution of 98 um.
Presently, more feasible in vitro studies are less rel-
evant for the clinical use. However, they represent
a good platform for a new method development.
With ever increasing development of clinical MRI
hardware some of them may soon become clinical-
ly applicable. In this study we have shown that MR
microscopy of teeth enables spatial visualization of
a dental pulp and root canal system with high ac-
curacy. In vivo use of this method would represent
a major breakthrough in dental radiology from
which endodontic, periodontal and odontogenic
treatments would benefit.

Conclusions

X-ray radiography is despite its harmful effects
and a lack of accuracy still a method of choice in
the assessment of dental pulp morphology and a
pulp canal system. As it is a projection technique,
it is prone to overlapping of anatomical structures,
which makes its diagnostic accuracy very limited.
We have shown in our study, that these deficien-
cies of radiography can be overcome by the use of
high-resolution MRI. MRI is harmless and enables
acquisition of 3D images of soft dental tissues with
a high spatial resolution. Post-processing of 3D
MRI data enables precise visualization of all den-
tal pulp anatomical features either by a sequence
of 2D slices in an arbitrary orientation or by vol-
ume rendered images from arbitrary viewpoints.
With ever increasing development of clinical MRI
hardware, the result of this in vitro study may soon
become clinically applicable.
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Background. The assessment of cancer freatment in oncological clinical trials is usually based on serial measure-
ments of fumours’ size according to the Response Evaluation Criteria in Solid Tumours (RECIST) guidelines. The aim
of our study was to evaluate the variability of measurements of target lesions by readers as well as the impact on
response evaluation, workflow and reporting.

Patients and methods. Twenty oncologic patients were included to the study with CT examinations from thorax to
pelvis performed at a 64 slices CT scanner. Four readers defined and measured the size of target lesions independently
at baseline and follow-up with PACS (Picture Archiving and Communication System) and LMS (Lesion Management
Solutions, Median technologies, Valbonne Sophia Antipolis, France), according to the RECIST 1.1 criteria. Variability
in measurements using PACS or LMS software was established with the Bland and Altman approach. The inter- and
infra-observer variabilities were calculated for identical lesions and the overall response per case was determined. In
addition, time required for evaluation and reporting in each case was recorded.

Results. For single lesions, the median intra-observer variability ranged from 4.9-9.6% (mean 5.9%) and the median
inter-observer variability from 4.3-11.4% (mean 7.1%), respecting different evaluation fime points, image systems and
observers. Nevertheless, the variability in change of A sum longest diameter (LD), mandatory for classification of the
overall response, was 24%. The overall response evaluation assessed by a single respectively different observer was
discrepant in 6.3% respectively 12% of the cases compared with the mean results of multiple observers. The mean case
evaluation time was 286s vs. 228s at baseline and 267s vs. 196s at follow-up for PACS and LMS, respectively.
Conclusions. Uni-dimensional measurements of target lesions show low intra- and inter-observer variabilities, but the
high variability in change of A sum LD shows the potential for misclassification of the overall response according to the
RECIST 1.1 guidelines. Nevertheless, the reproducibility of RECIST reporting can be improved for the case assessment
by a single observer and by mean results of multiple observers. Case-based evaluation fime was shortened up to 27%
using custom software.

Key words: tumour measurement; RECIST; PACS; LMS

Introduction

The accurate assessment of tumour size is essen-
tial for clinical oncological trials.! Decision on the
subsequent cancer treatment often depends on ra-

Radiol Oncol 2012; 46(1): 8-18.

diological reports about current status and changes
in tumour burden.?® For comparison and interpre-
tation of oncological trial results it is important to
classify measurements of tumour burden consist-
ently and reproducible, independent of different
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clinical institutions and observers. Definite guide-
lines for standardization of tumour measurements
and response evaluation were published in 2000 as
a Response Evaluation Criteria in Solid Tumours
(RECIST) criteria.* These guidelines define the
selection of target lesions in terms of number, lo-
calization, minimal tumour size and measurability.
Parameters for the overall response evaluation are
progressive disease (PD), stable disease (SD), par-
tial response (PR) and complete remission (CR).
Beside a high accuracy for the quantification of tu-
mour progress or shrinkage it is desirable to sim-
plify and shorten international guidelines as far as
possible. In this context, the revised RECIST guide-
lines 1.1 were published in 2008 with, amongst oth-
ers, changes in the total number of target lesions
(5, formerly 10) and in standards for measurement
of e.g. lymph nodes (1.5 cm short axis minimum
for target lymph node).” However, quantitative
reporting in clinical routine with measurements of
multiple lesions is costly and time-consuming, but
would be desirable for each oncologic patient.

The aim of our study was to evaluate the vari-
ability of target lesion measurements by readers as
well as the impact on overall response evaluation,
workflow and reporting.

Patients and methods
Study population

Twenty oncologic patients (11 male, 9 female, mean
age 60+14 years) were included, selected randomly
from our clinical study archive. Primary tumour
histology was lung cancer (NSCLC n=6, SCLC
n=1), colon cancer (n=3) and urothelium cancer
(n=3) as well as n=1 each for cancer of pancreas,
breast cancer, endometrial cancer, teratoma, germ
cell tumour, and lymphoma. All patients had two
CT examinations from thorax to pelvis (at baseline
and follow-up), performed at a 64 slices CT scan-
ner (Siemens, Forchheim, Germany) with the ap-
plication of intravenous contrast agent in all cases.

Image analysis

Evaluation was performed on images with a recon-
struction kernel of 30 and a slice thickness of 5 mm,
but both, the soft tissue (window width, 500HU;
window level, 55HU) and the lung window (win-
dow width, 1,500HU; window level, -600HU) set-
ting could be applied. Uni-dimensional (1D) meas-
urements of target lesions for baseline and follow-
up were performed according to the RECIST 1.1

guidelines, non-target or new lesions were not
respected. The target lesions were not preselected,
thus each observer defined individually appropri-
ate lesions. Note, target lesions defined at baseline
and invisible in follow-up examinations were ex-
cluded from statistical computations.

Four radiologic specialists with more than 5
years experience in oncologic radiology performed
in our study. At the end, each observer had pre-
pared 4 reports per case, one each for baseline and
follow-up for both, PACS and LMS. The lag time
between readings was at least 4 weeks and case
evaluation was prepared in a random order.

PACS (Picture Archiving and
Communication System)

Previous tumour measurements were not shown
and actual measurements not stored within the
images. Results of PACS-based assessments
were documented using a standard, handwritten
EORTC (European Organization for Research and
Treatment of Cancer) formula. Patient and exami-
nation data as well as 1D-measurements for target
lesions, slice position (z-orientation) and potential
individual descriptive comments for clarification
(e.. liver metastasis, segment five) were listed.
Anatomic subsumption was set according to the
following categorization: 1 = primary tumour; 2 =
lymph node; 3 = lung metastasis; 4 = liver metasta-
sis; 7 = skin metastasis; 8 = other soft tissue metas-
tasis; 9 = other metastasis. The sum of the longest
diameters (LD) of the target lesions per case was
calculated for baseline and follow-up examinations
as well as the change in %. Time was taken after
reading of the clinical report respectively the base-
line report and arrangement of the images for the
evaluation and stopped after the completion of the
report.

LMS software (Lesion Management
Solutions, Median technologies,
Valbonne Sophia Antipolis, France)

Each observer was previously introduced to LMS
using five teaching cases. One data base was pro-
vided for each reader and baseline tumour meas-
urements as well as the slice position of the target
lesions were stored. Finally, an automatically gen-
erated quantitative report was created showing
the patient and examination data and summarizes
the measured values and sum LD. In follow-up re-
ports, the calculated alteration of sum LD in % was
provided additionally. Furthermore, snap shots

Radiol Oncol 2012; 46(1): 8-18.
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FIGURES 1A, B. Graphs show the agreement of measurements of all lesions evalu-
ated with PACS and LMS. Absolute (A) and relative (B) differences between both
measurements are plotted against the mean diameter of the lesions. Mean differ-
ence is shown by a continuous line. Dashed lines indicate the limits of 1.96 standard
deviations from the mean. A total of 93.8% (384 of 409) of the values lie within the
1.96 SDs of the mean (dashed lines).

of the target lesions were shown. Time was taken,
after reading of the clinical report respectively the
baseline report and arrangement of the images for
the evaluation and stopped after printing of the re-
port.

Statistical analysis

The size of the target lesions (Diameter D) was re-
corded and the sum LD was calculated for each
observer at baseline or follow-up, for both, PACS
or LMS.

For the following calculations, the mean diame-
ter (D_ ) of identical lesions was calculated as ref-

mean:
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erence, summarizing 1D measurements at baseline
or follow-up from all readers and both software
tools.

The accuracy of the 1D-measurements of the
target lesions was quantified for each observer at
baseline or follow-up for both, PACS or LMS, as
[(ADws.D,, )/D,,. 1x100(%). The differences in
measurements of the same lesions using PACS and
LMS software were plotted against the mean value
by using the Bland and Altman approach.

Intra-observer variability was assessed by com-
paring measurements of identical target lesions at
baseline or follow-up, identified with both soft-
ware tools for each observer as [(A D, vs. D,,,5)/
D, .1x100 (%)

Accordingly, inter-observer variability was de-
termined as the difference between measurements
of identical target lesion for each pair of observers
(O) at baseline or follow-up comparing same imag-
ing systems (PACS vs. PACS resp. LMS vs. LMS)
or different imaging systems (PACS vs. LMS resp.
vice versa LMS vs. PACS) as [(A D, vs. D) /D, .1
x 100 (%)

To assess the overall response, the change of
sum LD was calculated as A sum LD = (sum LD
-sum LDy, ./ sum LD, ..) x 100 (%)

Additionally, the summarized A sum LD was
calculated per case, thus summarizing all evalu-
ated target data (D__ ) from both imaging systems
and all observers per case.

The case evaluation time was calculated as mean
for each and all observers at baseline or follow-up,
for both, PACS and LMS.

Data are presented as mean, median, 10%,
and 90% percentile. Measurements were com-
pared with a paired two-tailed student’s t-test.
Crosstabulation statistics were performed using
the McNemar-Bowker Test. A p-value <0.05 was
considered to indicate a statistical significance.

The study was carried out according to the
Declaration of Helsinki.

mean

mean

baseline

Results

A total of 320 RECIST reports were performed (4
observers x 20 cases x 2 evaluation time points x 2
software tools = 320).

As target lesions were not preselected, each ob-
server identified independently up to five lesions
per case. Five target lesions were selected in 44
cases, 4 target lesions in 22 cases, 3 target lesions
in 39 cases, and 2 target lesions in 55 cases. No re-
ports were completed with a single target lesion.
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The mean number of target lesion was 3.3 using
PACS and 3.4 using LMS.

Altogether 120 different target lesions were de-
fined. Twenty-one % of these target lesions have
been selected consistently by all four readers and
both software modalities. Twenty-nine % of the
target lesions were selected only by one reader. A
maximum of 10 different target lesions were ob-
served in two patients with NSCLC and a carci-
noma of the urothelium with multiple metastases
to the liver, the lung and lymph nodes.

Measurements of all lesions evaluated by PACS
and LMS for baseline and follow-up assessment
were compared. Figure 1 shows Bland-Altman
analysis of the differences of percent diameter
shrinkage measured by PACS and LMS compared
to the average percent diameter stenosis by the two
methods. The reproducibility of 1D measurements
for all lesions was excellent with a mean difference
in volume measurements amounted to -0.9 mm,
with the 95% confidence interval ranging from -10
to 8.3 (Figure 1A). The mean relative difference
amounted to -2.9 %, with a 95% confidence interval
of -22.9 to 17.1 (Figure 1B).

Table 1 summarizes mean target size (mm) and
variance. The smallest diameter of a target lesion
was consistent to the RECIST guidelines 10 mm in
baseline reports. The largest mean target diameter
at baseline was 132 mm for a cohesive group of liver
metastases. In follow-up examinations, the variance
of target lesions ranged between 5 mm and 152 mm.

The mean sum LD (mm) and variance are pre-
sented in Table 2 showing comparable ranges.

The accuracy (%) of single 1D target measure-
ments relatively to D___as well as the 10%- and
90%-percentile are documented in Table 3. A high
mean accuracy of approximately 95% can be found.

The intra- and inter-observer variabilities for
target measurements are displayed in Table 4, 5,
and 6. The mean intra-observer variability was
5.0% at baseline and 6.8% at follow-up. The inter-
observer variability was higher with values be-
tween 6.0-7.2% at baseline and 6.7-9.1% follow-up.
Overall inter-observer variability was significantly
higher than intra-observer variability for baseline
and follow-up examinations (p<0.01 and p<0.05,
respectively). There were no statistical significant
differences comparing the both imaging systems,
PACS and LMS.

Figures 2 and 3 illustrate variability of measure-
ments in lesions with well-defined edges (Figure 2)
and metastasis with irregular contours (Figure 3).

Table 7 lists the maximum and minimum A sum
LD (%) and the overall response in all 20 cases.

FIGURE 2. Tumor measurements of a well-marginated lymph
node metastasis in a patient with renal cell carcinoma showed
low mean inter-observer variabilities with 5.4 % for baseline (A)
and 5.1% for follow-up (B), respectively. Mean intra-observer
variability was low with 1.2% for (A) and (B).

FIGURE 3. Poorly marginated, confluent liver lesions in a pa-
tient with NSCLC. Mean inter-observer variability was 14.9% for
baseline (A) and 10.3% for follow-up (B), respectively. Mean
infra-observer variability was 16.8% (A) and 7.7% (B).

Despite a difference between maximum and mini-
mum sum LD of 24%, misclassifications occurred
in only 10 cases. There were no significant differ-
ences in response categorization for both imag-
ing systems (p = 0.513). A high concordance could
also be demonstrated to the summarized overall
response, based on all assessed target lesions per
case.

Table 8a-c shows the number of misclassifica-
tions for the overall response evaluation based on
identical target lesions. Results for the assessment
of the overall tumour response were compared for
a single observer with all combinations of different
observers (n=480) (a), a single observer vs. mean re-
sults of all observers (n=160) (b), and for different
observers vs. mean results of all observers (n=480)
(c¢). The number of misclassified cases can be re-
duced for the case assessment by a single observer
and by mean results of all observers. Obviously,
mean results of all observers equalize the outliers.

Radiol Oncol 2012; 46(1): 8-18.
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TABLE 1. 1D measurement of target lesions (mm) for each observer using PACS or LMS at baseline or follow-up

. Mean target size Minimum target Maximum target
Evaluation System Observer (mm) size (mm) size (mm)
Baseline PACS 1 35.7 11 125

2 40.9 10 132

3 38.1 11 117

4 38.8 12 121

LMS 1 36.7 10 120
2 41.7 11 126

3 37.9 11 125

4 41.1 11 126

Follow-up PACS 1 34.9 6 129
2 39.6 7 136

3 37.3 6 152

4 38.5 6 131

LMS 1 35.0 6 129
2 40.9 6 126

3 35.5 5 133

4 40.8 6 132

TABLE 2. Sum of the longest diameters of target lesions (mm) per case for each observer using PACS or LMS at baseline or follow-up

. Mean Minimum sum LD Maximum sum LD
Evaluation System Observer sum LD (mm) (mm) (mm)
Baseline PACS 1 118.3 35 261

2 143.1 38 330

3 120.1 34 312

4 130.1 41 310

LMS 1 127.4 29 296
2 139.6 40 336

3 130.6 39 305

4 129.9 37 326

Follow-up PACS 1 115.1 31 310
2 136.5 34 359

3 117.4 25 326

4 129.0 33 342

LMS 1 121.7 29 315
2 136.9 36 356

3 122.6 34 327

4 128.4 28 359

Radiol Oncol 2012; 46(1): 8-18.
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TABLE 3. Accuracy of 1D measurements of target lesions in comparison to D,

line or follow-up

(%) for each observer using PACS or LMS at base-

mean

Evaluation System Observer M?;i)an 10% Percentile 90% Percentile
Baseline PACS 1 94.3 85.1 98.5
2 94.8 88.5 99.7
3 97.1 85.3 100
4 95.8 84.4 99.6
Mean 95.5
LMS 1 95.7 85.9 100
2 95.3 84.8 99.9
3 96.3 83.7 99.2
4 95.7 84.6 98.9
Mean 95.7
Follow-up PACS 1 93.9 79.2 99.4
2 96.8 84.4 99.3
3 96.6 84.1 100
4 96.0 78.3 100
Mean 95.8
LMS 1 96.0 79.7 99.6
2 94.1 72.0 99.5
3 94.5 78.5 99.3
4 93.8 85.6 99.2
Mean 94.6

The mean time needed to prepare a baseline re-
port was 286 s for PACS and 228 s for LMS soft-
ware. At follow-up, mean time for PACS reporting
was 267 s versus 196 s using LMS (Table 9). Thus,
LMS induces a gain of time of 20.8% at baseline
and 26.6% at follow-up (p<0.01).

Discussion

In the study we assigned low intra- and inter-ob-
server variability for target lesion measurements
according to the RECIST 1.1 guidelines. However,

the high variability in change of A sum LD shows
the potential for misclassification of the overall
response evaluation, but the reproducibility of
RECIST reporting can be improved for the case as-
sessment by a single observer and by mean results
of multiple observers. Time required for the assess-
ment and creation of a study report was decreased
using custom software.

The assessment of tumour response in oncologi-
cal clinical trials is usually based on serial measure-
ments of primary tumour and metastases using CT
examinations before and in the course of tumour
therapy regimens. For consistent evaluation of

Radiol Oncol 2012; 46(1): 8-18.
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tumour response concrete criteria for a standard-
ized categorization of changes in tumour burden
are necessary. 1D measurements for the calculation
of tumour burden were introduced by Therasse et
al* and the revised RECIST guidelines (version
1.1) were published in 2009 with the intention of
further simplifying and standardizing tumour re-
sponse criteria.”> Among others, the number of tar-
get lesions was restricted to a maximum of 5 with
maximum of two lesions per organ. For target le-
sions, the longest diameter has to be assessed for
tumour measurements except for lymph nodes,
which are assessable as target lesion with a short
axis > 15 mm. For quantifying tumour burden, the
sum of longest diameter of all target lesions is cal-
culated. Similarly, for some rare tumours, i.e. ma-
lignant mesothelioma, where the modified RECIST
criteria were proposed, the tumour thicknesses are
measured perpendicular to the chest wall in two
sites at 3 levels and the sum of lesions” diameters
is calculated.

In our study only target lesions were evaluated
for reports of the tumour assessment in order to
facilitate the comparison of the results of all four
observers. Each observer individually defined tar-
get lesions out of the complete CT examination
without any study-dependent pre-selection, so the
setting of our study was closely adapted to clinical
study reports.

A high intra- and inter-observer concordance
of RECIST based quantifications of tumour bur-
den is essential for a valid assessment of response
to anticancer therapy regimens. Considering the
agreement of measurements of identical lesions for
each observer using PACS and LMS, intra-observer
variability was low for all four observers with a
mean difference of 5.9%. The inter-observer vari-
ability was slightly higher than the intra-observer
variability with a mean variability of 7.1%. This is
of special importance in case that different radi-
ologists assess baseline and follow-up reports, as
the RECIST guidelines do not advise for the same
reader of tumour evaluation during an oncological
trial.> In contrary to our study, other studies evalu-
ated the variability of tumour measurements using
predefined single lesions. Erasmus ef al. estimated
mean intra- and inter-observer variability’s of 5.5%
respectively 12.3% for 1D measurements, including
irregular defined lesions.” The lower discrepancies
in our study might be due to a preferred selection
of lesions with well-defined edges and avoiding
of measurements of irregular shaped tumours’ le-
sions, as it is suggested for targets by the RECIST
guidelines.

Radiol Oncol 2012; 46(1): 8-18.

TABLE 4. Intfra-observer variability for PACS vs. LMS at baseline
or follow-up

" Median 10% 90%
SelTEn LR O (%) Percentile Percentile
Baseline 1 4.9 0.0 15.0

2 4.9 0.0 14.1
3 5.0 0.0 17.2
4 5.4 0.0 17.8
Mean 5.0
Follow-up 1 5.2 0.0 18.9
2 5.4 0.0 21.9
3 6.9 0.9 29.2
4 9.6 0.7 22.5
Mean 6.8

Despite the variability of single measurements
the conclusive evaluation of the treatment re-
sponse is of special interest for therapeutic de-
cisions in clinical trials.>* According to RECIST
guidelines, an increase of 20% of sum LD in fol-
low-up examinations indicates disease progression
(PD). A decrease of minimum 30% is considered as
PR, whereas changes of sum LD between -30% and
+20% is SD.>¢ In our study results of all observers
showed excellent concordance for estimation of tu-
mour response, but it has to be stated, that the mean
difference of the A sum LD was 24%. Therefore,
cases with tumour growth or tumour shrinkage
in the region of the threshold for PD and PR will
be problematic. In those cases standard deviation
of single measurements may have an increased in-
fluence on the conclusion of the tumour response
report. Furthermore, misclassification of overall re-
sponse evaluation was higher if different observers
assessed baseline and follow-up examinations, but
can be reduced for the case assessment by a single
reader and mean assessment of multiple readers.

A controversially discussed approach is the
minimum number of target lesions needed for
valid tumour evaluation.®® We confirmed a high
accuracy of the treatment response categorization
with up to five target lesions according to RECIST
1.1 compared to conclusive results summariz-
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TABLE 5. Inter-observer variability. Difference of baseline 1D TABLE 6. Inter-observer variability. Difference of follow-up 1D
measurements of target lesions between two observers using measurement of target lesions between two observers using

PACS and/or LMS relative to mean tumour size (%) PACS and/or LMS relative to mean tumour size (%)
Observer Median 10% 90% Observer Median 10% 90%
S pairs (%) Percentile  Percentile Sz pairs (%) Percentile  Percentile
1/2 9.9 0 22.5 1/2 9.3 0 26.3
1/3 5.6 0 21.6 1/3 7.9 1.3 27.1
1/4 6.2 0 26.5 1/4 8.0 1.2 33.2
PACS 2/3 6.8 0 15.9 PACS 2/3 5.6 0 26.6
Vs. Vs,
PACS 2/4 6.2 1.8 18.2 PACS 2/4 4.3 0 18.8
3/4 4.7 0 22.3 3/4 4.9 0 32.2
Mean 6.5 Mean 6.7
1/2 7.6 1.5 20.6 1/2 7.6 0.4 429
1/3 6.1 0 21.9 1/3 6.9 0 30.7
1/4 5.6 2.1 23.2 1/4 8.5 0 21.0
LMS 2/3 6.2 0 22.1 LMS 2/3 7.6 0 42.9
Vs. VS,
LMS 2/4 5.8 0 22.6 LMS 2/4 9.8 0 45.2
3/4 4.9 0 24 3/4 9.1 1.6 30.5
Mean 6.0 Mean 8.2
1/2 10.3 3 22.3 1/2 10.8 1.9 41.5
1/3 8.4 0 21.9 1/3 9.4 0 31.3
1/4 7.9 1.5 16.2 174 11.4 2.4 28.6
PACS 2/3 5.7 0 23.2 PACS 2/3 6.0 0 28.4
Vs, Vs.
LMS 2/4 5.0 2.2 25.9 LMS 2/4 7.8 1.1 17.1
3/4 6.2 0 22.3 3/4 9.3 0 28.4
Mean 7.2 Mean 9.1
1/2 6.6 0.7 12 1/2 8.1 1.8 24.1
1/3 4.8 0 24 1/3 6.5 2.4 27.0
1/4 5.8 0 25.3 1/4 8.0 0.8 27.0
LMS 2/3 7.9 0 25.4 LMS 2/3 59 0 45.2
VS, VS,
PACS 2/4 6.2 0.3 25.7 PACS 2/4 5.4 0 30.9
3/4 6.1 0 27.9 3/4 8.4 0 38.5
Mean 6.2 Mean 7.1
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TABLE 7. Tumour response per case (4 observers x 2 software tools x 20 cases = 160). Maximum and minimum sum LD (%), the difference (%), overall

response, and the number of misclassifications are shown. Summarized A sum LD (%) and overall response were calculated based on D,

of all target

mean

lesions per case, summarizing all observers and imaging systems. PR= Partial Response, SD= Stable Disease, PD= Progressive Disease; LD: sum of longest

diameters
Case Maxin;usnl': r: T_g r(t;ir)\imum Diff?r;)nce Overall Response Misclassification Z‘;T:fgz(?%d) Sg‘r:::lqc"rirz:d
PR sD PD sponse

1 -36 -13 23 2 6 0 2 -18 SD
2 -18 14 32 0 8 0 0 -4 SD
3 -17 14 31 0 8 0 0 -7 SD
4 0 23 23 0 6 2 2 14 SD
5 -27 -10 17 0 8 0 0 -22 SD
6 -10 5 15 0 8 0 0 2 SD
7 4 10 6 0 8 0 0 7 SD
8 -45 -36 9 8 0 0 0 -41 PR
9 -42 18 60 1 7 0 1 -11 SD
10 -5 15 20 0 8 0 0 7 SD
11 -14 -2 12 0 8 0 0 -7 SD
12 -14 20 34 0 8 0 0 11 SD
13 4 20 16 0 8 0 0 19 SD
14 -28 -16 12 0 8 0 0 -22 SD
15 -7 16 23 0 8 0 0 3 SD
16 0 10 10 0 8 0 0 6 SD
17 -27 -17 10 0 8 0 0 -22 SD
18 5 19 14 0 8 0 0 11 SD
19 -18 35 53 0 7 1 1 -3 SD
20 8 42 50 0 4 4 4 18 SD
20 24 160 10

ing all lesions. This summarized sum LD evalua-
tion of all defined targets was closely to RECIST
1.0 criteria providing up to ten lesions for the tu-
mour assessment. Darkeh et al. showed an increase
of discrepancies in tumour response evaluation if
less than four target lesions were defined for tu-
mour measurements.® In contrast, the evaluation
of North Central Cancer Treatment Group trials
determined two target lesions to be sufficient for
concordant results. Also Zacharia ef al. presented
that the measurement only of one target lesion at-
tained same classifications for tumour response in
patients with colon cancer metastases to the liver.!

Simple 1D measurements of target lesions were
equivalent using PACS or LMS. Thus, our study
provides among others “repetitive” quantitative
data. Nevertheless, the LMS software tool pro-
vides for the follow-up examinations the previous
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1D target measurements, marked by a line and
stored in the images. This is advantageous for se-
rial measurements at follow-up reports, especially
if different observers assess tumour burden during
anticancer treatment. It would be interesting for
further investigations, if inter-observer variability
could be decreased by such a software tool in case
that baseline and follow-up reports are performed
by different readers. Considering the temporal ef-
fort required for the complete target evaluation
and creation of a RECIST based report of tumour
burden, there is a gain of time using LMS software,
which might help to persuade radiologists to per-
form RECIST reports for each oncological patient.
A limitation of our study was a disproportionate
incidence of the overall tumour response of “stable
disease”. This is partly caused by the predetermi-
nation to assess only the development of target le-
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TABLE 8. Mean case evaluation fime including reporting using
PACS or LMS at baseline or follow-up

Mean time (s)

Evaluation  Observer p-value
PACS LMS
Baseline 1 395 310 <0.01
2 232 212 <0.01
3 298 175 <0.05
4 219 216 <0.01
Mean 286 228 <0.01
Follow-up 1 377 254 <0.01
2 252 201 <0.01
3 219 154 <0.01
4 222 173 <0.01
Mean 267 196 <0.01

sions, whereas non-target lesions and new lesions
were not evaluated. It has been shown e.g. that in
60% of the cases PD is based on the occurrence
of new tumourous lesions.!! Another explanation
concerning PR was the fact, that baseline and first
follow-up examinations of metastasized cancer
patients were included to our study and PR may
occur in the time course of the treatment. The po-
tential saving of time using LMS could have been
higher, as the readers are familiar with PACS for
years, whereas the introduction of LMS based only
on five teaching cases.

Perspectively, it will be of special interest to op-
timize the radiological evaluation of tumour bur-
den and treatment response, with a special interest
on new imaging techniques and further improve-
ment of guidelines for tumour measurements.!2!3
Future tumour response reports may provide volu-
metric tumour assessment and changes of tissue at-
tenuation, leading to a more accurate and extended
response evaluation. The volumetric measurement
of pulmonary nodules is already feasible with nu-
merous quantitative software tools and could be
integrated into clinical routine.'*!> However, fur-
ther increase of consistency of volumetric assess-
ment of pulmonary nodules and low variability of
semi-automated volume measurements will be re-
quired.!*1617 For the complete tumour assessment

semi-automated measurements of e.g. liver lesions
and lymph nodes is necessitated and currently
work in progress. Thus, up to now there are only a
few results testing reproducibility and validity.!s
Despite tumour shrinkage, a decrease of attenua-
tion in contrast enhanced CT indicates tumour re-
sponse, especially in the treatment with targeted
therapies. Several studies declined an improve-
ment of response evaluation after targeted therapy
in e.g. metastatic renal cell carcinoma and squa-
mous cell carcinoma of the upper aerodigestive
tract when both, changes in tumour size and atten-
uation was assessed.?*% Furthermore, Stacchiotti et
al. demonstrated that additional evaluation of tu-
mour attenuation increased predictive estimation
of tumour response in patients with high-grade
soft-tissue sarcomas.?

Conclusions

We demonstrated in our clinical study low intra-
and inter-observer variabilities for measurements
of single target lesions, but the high variability in
change of A sum LD reveals the potential for mis-
classification of the overall response according to
the RECIST guidelines. Nevertheless, reproducibili-
ty of RECIST reporting can be improved for the case
assessment by a single reader and mean results of
multiple readers. Custom software shortened case-
based evaluation time and further improvements
might be challenging for therapy monitoring.
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Background. The purpose of this refrospective study was to compare the results and complication rate in CT guided
percutaneous trans-thoracic fine needle aspiration biopsies (FNAB) and core biopsies of lung lesions, and fo deter-
mine the applicability of these needles.

Patients and methods. In 242 patients (166 males; 76 females) with mean age of 58.9 years (13-84 years) CT guided
biopsies of lung lesions were performed on dual slice CT equipment. The average diameter of lung lesion was 2.9 cm
(1.2-6.3 cm). For FNAB's 20 — 22 G Chiba needles and for core biopsies 14 G biopsy needles were used. The samples
were sent for the histological analysis. The cytological or histological results and the evenfual complications were
compared.

Results. FNAB's cytological samples were adequate for definitive diagnosis in 117 patients (79.60 %) and inadequate
in 30 patients (20.40 %). Core biopsies samples were adequate in 92 (96.85 %) patients and non- representative
(necrotfic tissue) in 3 (3.15 %). Pneumothorax as the most frequent complication was detected in 14 (9.7 %) of the
patients in the group of FNAB's and in 30 (31.5 %) of the patients with the core biopsy group.

Conclusions. The results showed that percutaneous transthoracic CT guided biopsies of lung lesions were an effec-
tive and safe procedure in the diagnosis of lung lesions. Core biopsy gives a higher percentage of representative

samples than FNAB, and is a preferred method regardless of the higher rate of complications.

Key words: transthoracic biopsy; lung lesions; CT; FNAB; core biopsy

Introduction

Percutaneous transthoracic biopsy has become
the procedure of choice for diagnosis of pulmo-
nary lesions, which can be primary or secondary
malignant tumours.! Although size of lesions, le-
sions appearance on imaging studies, as well as
the patient’s history of smoking, help to assess the
likelihood of malignancy, a definitive diagnosis
cannot be achieved only on the basis of the image.
In the literature some authors prefer thoracotomy
or thoracoscopic biopsy of peripheral thoracic le-
sions, but, like those patients with benign lesions
and those with metastatic tumours were exposed
to unnecessary surgical procedures.??

Radiol Oncol 2012; 46(1): 19-22.

Fine-needle-aspiration biopsy (FNAB) with of
20-25 G needle which was first described in 1965
provides a cytological sample of exfoliated cells.
Core biopsy with 14-18 G cut needles was de-
scribed for the first time in the early 1980’s. It has
been shown that only 40-50% of small peripheral
thoracic lesions are malignant. With percutaneous
biopsy a surgery or thoracoscopy could be avoid-
ed in 64% of patients.? FNAB is less accurate in the
diagnosing benign lung lesions, metastatic lung
cancer, mesothelioma and tumours of the anteri-
or mediastinum, and with this method it is more
difficult to determine the type of malignoma.>® A
negative result of FNAB does not exclude malig-
nancy.

doi:10.2478/v10019-012-0004-4



20

Beslic S et al. / Percutanous transthoracic CT guided biopsies of lung lesions

Many authors prefer core biopsy as it provides
tissue sample and permits more laboratory testing,
such as electron microscopy, immunohistochem-
istry and analysis of tumour-markers, factors that
enhance diagnostic specificity. Large cut needles of
14G have a higher complication rate, while small-
sized needles (18G) do not increase the complica-
tion rate compared to FNAB.371It is stated that 18G
core biopsy has a higher value than FNAB, for the
confirmation of a benign lesion, characterization of
malignant cell types, especially in lymphoprolifer-
ative diseases (lymphoma), metastatic lung cancer
and mesothelioma.?®” Post-biopsy pneumothorax
is the most common complication of the percuta-
neous transthoracic biopsy.2”!° It was found that
the presence of emphysema and obstructive pul-
monary disease, strongly correlate with the occur-
rence of pneumothorax and the need for drainage.
In all cases, the risk of pneumothorax was signifi-
cantly greater if the lesions were completely sur-
rounded by aerated lung.>0!!

Haemorrhage is the second most common com-
plication of lung biopsies. It appears as irregular
ground glass opacifications, consolidation along
or nearby, or in relation with the needle track, im-
mediately after the procedure. Hemorrhagic lesion
was considered small if it was < 3 cm, or large if it
was 2 3 cm in axial diameter.!! The small size of the
lesion and the long distance to the lesion increase
the risk of bleeding. In biopsy of the small lesion,
cutting needle often includes a part of aerated
lung, having a poorer tampon effect than the solid
tissue. When the tumour is deeply located, the nee-
dle should pass more aerated lung tissue and pul-
monary vessels, increasing the risk of pulmonary
hemorrhage.!

Patients and methods

In 242 patients (166 males, 76 females) with mean
age of 58.9 years (13 — 84 years) CT guided biop-
sies of lung lesions were performed on dual slice
CT equipment (Emotion Duo, Siemens, Erlangen).
Each patient signed an informed consent for a bi-
opsy. All patients had laboratory findings of co-
agulation factors (prothrombin time and platelets)
normal.

A part of the data was collected during the war
in Bosnia and Herzegovina and the immediate
post-war period. At the beginning of the study, we
had only 20-22 G Chiba needles that were used in
all patients regardless of the size of the lesion. As
soon as we have obtained 14 G cut needles, we de-
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cided to use them in all patients and compare the
results. We performed FNAB using 20-22 G Chiba
needle on 147 patients (group I) and on 95 patients
core biopsy with the 14 G cut needle (group II). The
sizes of punctured lesions were 1.2 - 6.3 cm (mean
2.9 cm). The puncture entry point was marked on
the skin after the sterile preparation, than local an-
aesthetics of 1% lidocaine was applied.

Three consecutive images were made at the ap-
propriate level, in order to help directing the biop-
sy needles during the patient’s breath hold. Then
the needle is introduced in front of the lesion. We
tried to use the shortest intraparenchimal route of
the needle, and avoid visible bulae. Usually, two
passages of the needle were made into different
parts of the lesion. Samples obtained by Chiba nee-
dle were smeared on a microscope glass slide and
sent to the cytological laboratory for Papanicolau
or Giemsa staining and analysis. In case of malig-
nant cells the samples were sent for immunohis-
tochemical testing. The samples obtained by core
biopsy were fixed in 10% formalin and sent to the
patohistological laboratory where they were hae-
matoxylin and eosin, in case of TBC Ziehl-Neelson,
PAS, and in case of fungal organisms Grocott’s
methenamine silver stained slides were prepared
and analyzed.

After the biopsy, a CT scan was performed in
order to diagnose potential complications. Patients
with no signs of complications were observed for
2 hours, and then discharged. In the case of clini-
cal symptoms (thoracic pain, dyspnoea), or CT evi-
dence of pneumothorax, patients were treated con-
servatively in minor pneumothorax, or by surgical
drainage in severe pneumothorax. The duration of
the procedure, pneumothorax, haemoptysis and
parenchymal haemorrhage visible on CT scans,
were verified. The diagnostic accuracy was evalu-
ated by bronchoscopy and surgical assessment.
Non operated patients were observed for at least
twelve months with regular CT scans after three,
six and twelve months. In case of haematological
disease, response to chemotherapy or radiotherapy
confirmed the diagnosis. The criteria for benignity
in cases where a definitive histological diagnosis
could not have been obtained were a three year pe-
riod of stability, or a regression of the lesion.

Results

An adequate sample for cytological diagnosis in
group I was obtained in 117/147 (79.6%) of patients
and in group II histological diagnosis was possi-
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TABLE 1. Histological or cytological diagnosis of samples taken with fine-needle aspiration biopsy (FNAB) or core biopsy

Number (%) of patients

Diagnosis
FNAB group core biopsy group

unrepresentative sample (necrofic tissue) 30 (20.4%) 3(3.15%)
malignoma 105 (71.51%) 69 (72.66%)
metastatic nodules 5 (3.43%) 4 (4.21%)
lymphoma 3 (2.04%) 4 (4.21%)
benign lesions 4 (2.72%) 15 (15.77%)
Total: 147 (100%) 95 (100%)

TABLE 2. Number and type of complications occurred in patients after fine needle aspiration biopsy (FNAB) or core biopsy

Number (%) of patients

Complication

FNAB group core biopsy group
pneumothorax 14 (9.7%) 30 (31.5%)
intrapulmonal haemorrhage 13 (9.1%) 14 (14.7%)

ble with core biopsy in 92/95 (96.85 %) (Table 1).
In both groups more than two-thirds of samples
were malignant (in group I 71.51% and in group II
72.66%) and the most common patohistologic diag-
nosis was adenocarcinoma.

Pneumothorax as the most frequent complica-
tion of these procedures occurred in 14/147 (9.7%)
of patients in group I and 30/95 (31.5%) of patients
in group IL

Discussion

The FNAB sensitivity in pulmonary lesions is 82
- 99%, specificity 86 - 100%, and the accuracy is
64-97%, depending on whether the cytopatholo-
gist was at site, while a definitive diagnosis of be-
nign lesions could be made in only 20-50%.37 It is
generally accepted that FNAB has a diagnostic ac-
curacy over 90% in lung cancer, especially among
small-cell and non small-cell cancer.> Accuracy of
FNAB in benign lesions is ranged from 12-57%, and
usually about 20-30%.2 Kocijan¢i¢ and Kogjanc¢ic
reported the overall diagnostic accuracy of 93.2%
using coaxial 18G Gallini aspiration biopsy needle
with cutting tip.!> The diagnostic accuracy of FNAB
in metastatic lung cancer is only 33%, and in me-
diastinal tumours, such as lymphoma, thymoma
and germ cell tumours is also lower than in case of
lung cancer. The number of complications increas-
es with repeated biopsies, although it reduces the
rate of false-negative results.? Oikonomou et al. re-
ported that core biopsy had a sensitivity 89%, spe-

cificity 97%, accuracy 93%, with positive predictive
value of 97%, and negative predictive value of 91%.
In sub-classification of malignant lymphoma, they
found the sensitivity of 85%, specificity 99%, accu-
racy 92%, positive predictive value 98% and nega-
tive predictive value of 87%.°

In our study using 14G cut needles for core bi-
opsies, the adequate samples for histological diag-
nosis were obtained in 98% of biopsies; specificity
was 100% and sensitivity 96%. There were 88% true
positive core biopsies of malignant lesions, and a
specific cell type was identified in 82% of cases.
The histological diagnosis was obtained in 66% of
biopsies, while 12% were non-diagnostic.®

According to some reports, core biopsy is su-
perior to FNAB in diagnosis of benign thoracic
lesions, mediastinal tumours, determination of
cancer cell-type and predicting cancer-negative
findings. As confirmed in our study performing
core biopsy and getting adequate samples for pato-
histological diagnosis it is possible to increase the
rate of definitive diagnosis in benign lesions from
52-91%.28°13

Pneumothorax and minor bleeding are the most
common complications of transthoracic needle bi-
opsy.*In FNAB the rate of pneumothorax, accord-
ing to the literature, ranges between 8 and 61%,
average 19-44%, while 1.6% - 17% of patients need
chest drainage.>”8101113 Performing core biopsies,
the incidence of pneumothorax varies from 0% in
chest wall and pleural biopsies, to 60% in periph-
eral intraparenchymal lesions, and close to 100%
in small central lesions surrounded by emphyse-

Radiol Oncol 2012; 46(1): 19-22.



Beslic S et al. / Percutanous transthoracic CT guided biopsies of lung lesions

matous bulae. The results of our study, performing
previously mentioned procedures, FNAB and core
biopsy, correspond to the results of other authors.

Conclusions

The result of our results confirmed percutaneous
transthoracic CT guided lung biopsy (both FNAB
and core biopsy) as a relatively safe, simple and
well tolerated method. Definitive patohistologi-
cal diagnosis significantly reduces more invasive
procedures, cost, hospitalization length and need
for surgical diagnostic procedures. According to
our experience, core biopsy vs. FNAB provides a
higher percentage of patohistological definitive
diagnosis and, therefore, is a preferable diagnostic
method despite of the slightly higher rate of com-
plications.
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Background. For years, the treatment for invasive lobular carcinoma (ILC) has been mastectomy secondary to the
lack of studies investigating the efficacy of breast conservation therapy on patients afflicted with ILC and due fo the
lack of long-term follow up investigating locoregional recurrence in this patient population. In this article we report the
clinical course of a patient diagnosed with ILC.

Case report. We describe the case of a 50-year-old woman with stage 1B (T2N1MO) ER/PR positive right breast
ILC who underwent a right modified radical mastectomy, postoperative chemotherapy, a prophylactic left simple
mastectomy with bilateral breast reconstruction and tamoxifen. Approximately 12 years later, she presented with a
deflated breast implant and recurrent breast cancer with metastatic spread. She received palliative radiotherapy
then palliative chemotherapy. Unfortunately, she succumbed to the cancer less than a year after being diagnosed
with metastatic disease.

Conclusions. This may be the first case report of a ruptured breast implant presenting at the same time as the diag-

nosis of recurrent breast cancer.

Key words: breast cancer; invasive lobular carcinoma; breast implant; rupture

Introduction

There were an estimated 209,000 newly diagnosed
cases of breast cancer in 2010. In the United States,
breast cancer is the most common cancer among
women and the second leading cause of cancer
death for this cohort.! Invasive ductal carcinoma
(IDC) comprises 70-85% of diagnosed breast can-
cers.? The second most common histological type
of breast cancer is invasive lobular carcinoma
(ILC), which makes up 8-14% of invasive cancer
cases.’ While it is thought that the prognosis of ILC
is generally similar to that of IDC, given similar
histological grades, differences between the two
types do exist.** These differences may include
presenting as an indistinct thickening as opposed

Radiol Oncol 2012; 46(1): 23-27.

to a discrete nodule, having less microcalcifications
and decreased density of the mass seen on mam-
mography, as well as, the likelihood of having
multicentric and/or bilateral disease. Metastatic
dissemination of disease also varies.* In addition,
the management of IDC and ILC has differed.

For years, the treatment for ILC has been mas-
tectomy secondary to the lack of studies investigat-
ing the efficacy of breast conservation therapy on
patients afflicted with ILC and due to the lack of
long-term follow up investigating locoregional re-
currence in this patient population. In this article,
we report the clinical course of a patient diagnosed
with ILC. She underwent bilateral mastectomy fol-
lowed by breast reconstruction. Almost 12 years lat-
er, she suffered a breast implant rupture. Work up
for the rupture resulted in her eventual diagnosis

doi:10.2478/v10019-011-0032-5
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of recurrent breast cancer. To our knowledge, this
is the first reported case of breast cancer recurrence
presenting as a ruptured implant. It is possible that
the rupture was secondary to cancer growth.

Case report

A 50-year-old post-menopausal woman was di-
agnosed with a stage IIB (T2N1MO) right breast
cancer and subsequently years later developed an
unusual recurrence that was diagnosed following
rupture of one of her breast prostheses. Following
initial diagnosis, she underwent a right modified
radical mastectomy and review of surgical pathol-
ogy revealed a grade 4 (of 4) invasive lobular car-
cinoma, nuclear grade 2 (of 3), forming a 2.2 x 2
x 1.8 cm mass. No definite vascular invasion was
noted apart from the central tumor mass, although
lobular carcinoma in-situ with extension into ad-
jacent ducts was seen. Lactiferous ducts beneath
the nipple showed pagetoid spread of carcinoma
cells. One of 14 right axillary lymph nodes was
positive for metastatic involvement with focal ex-
tranodal extension of disease. Tumor cells were
ER/PR positive. Following surgery, she received
six months of chemotherapy with cyclophospha-
mide, methotrexate and 5-fluorouracil (CMF). A
subsequent prophylactic left simple mastectomy
with bilateral breast reconstruction was performed
4 months following completion of chemotherapy.
Approximately 4 months after surgery, tamoxifen
therapy was started and administered for 5 years.
Of note, this patient underwent a total abdominal
hysterectomy and bilateral salpingo-oophorecto-
my a year after breast reconstructive surgery.

The patient had regular follow up without evi-
dence of disease recurrence. Approximately 12
years after her breast reconstructive surgery, she
developed a deflated right breast implant. She was
scheduled for bilateral implant exchange surgery.
During preoperative evaluation, she was found to
have evidence of mitral valve regurgitation due
to a flail mitral valve posterior leaflet, and subse-
quently underwent mitral valve repair. The car-
diothoracic surgeon informed the patient that her
sternum was found to be “somewhat mushy” dur-
ing her sternotomy.

About 5 months after open heart surgery, the
patient had developed a neck lump and back pain.
Imaging studies with CT revealed postoperative
mastectomies with implants. However, the right
breast implant was ruptured with extensive soft
tissue mass and nodularity involving the anterior
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chest wall, predominantly anterior to both sides of
the sternum but slightly more marked on the right
with subcutaneous nodularity throughout the right
mastectomy site (Figure 1). This was noted to be
inseparable from the adjacent pectoralis muscles
along with right subpectoral adenopathy and right
neck base adenopathy consistent with tumor recur-
rence. The anterior chest wall mass extended pos-
teriorly through the chest wall into the hemithorax
and was also associated with internal mammary
adenopathy. Partial lytic lesions were seen in the
mid sternum. In addition, there was bulky anterior
mediastinal adenopathy and tumor extending infe-
riorly along the anterior pericardium and anterior
to the right atrium and right ventricle as well as
to the root of the aorta (Figure 2). Nodularity was
noted in the right upper lung pleura and left lung
base pleura. There were bulky soft tissue masses
in both costophrenic angles. Tumor nodularity was
noted anterior to the liver representing peritoneal
implants. Skin thickening was noted over both
anterior chest walls but greater on the right. Bony
metastases were noted in the T5 and L1 vertebral
bodies, the right temporal bone of the skull, and
the right anterior iliac bone.

The patient underwent a T10 vertebroplasty
and then subsequent palliative radiotherapy to T8
through L1 vertebral bodies. During palliative ra-
diotherapy, she developed right hip pain and was
found to have a destructive metastasis in the right
femoral head and neck requiring surgery with a
right hip replacement followed by palliative ra-
diotherapy to bilateral hips and the right femur.
She went on to receive palliative chemotherapy
but ultimately expired from disease progression
approximately 11 months following diagnosis of
metastatic disease.

Discussion

Breast cancer recurrence is a challenging event that
is associated with morbidity and shortened surviv-
al.>* Herein, we described the course of a patient
who developed locoregional and distant metas-
tases of ILC. Although ILC makes up a minority of
breast cancer cases, its incidence is believed to be
on the rise.” These tumors are less likely to result
in a reactive process and are also less likely to have
microcalcifications.®® Thus, they are occasionally
missed on screening mammography and clinical
examination.

As reported in previously published stud-
ies, the prognosis of ILC as compared to IDC has
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ranged from either superior, the same, or poorer.®
Although, most recent studies confirm that the :
prognosis of ILC is indeed similar to that of IDC.* Ruptured implant
12 Sastre-Garau et al. examined the difference in
overall survival, incidence of local or distant recur-
rence, disease free interval, rate of metastasis and
pattern of metastatic distribution among patients
who were diagnosed with ILC, ILC-IDC mixed his-
tology, and non-ILC. They found that univariate
and multivariate analysis did not reveal any statis-
tically significant difference between these groups
regarding overall survival, recurrence, disease free
interval, or the frequency of metastasis. However,
the pattern of distribution of metastases did differ
among the groups. ILC patients were more likely
to have disease disseminate to bone rather than
the lungs or pleura as seen more often with IDC.
ILC patients were also more likely to have distant
disease in the peritoneum, gynecological tract, and
gastrointestinal tract.!® This pattern of metastatic
dissemination has also been reported in several
previously published studies.!®!*15 Qur patient did
indeed become afflicted with this pattern of meta-
static distribution as she had multiple bony metas-

Heart/great vessels

tases as well as peritoneal metastasis. FIGURE 1. Deflated right breast implant with associated recurrent cancer infiltrating
According to the current consensus, treatment  the chest wall and thorax.

for ILC may include breast conservation surgery
when surgical margins are adequate along with
subsequent radiation therapy.” A study published
by Santiago et al. compared long-term outcomes
for women who underwent breast conservation s Intact implant
surgery for either early stage ILC or IDC and R
found the results be similar between the groups.'
Although due to difficulty in localization and mar-
gin detection associated with this particular tumor,
the rates of mastectomy in patients afflicted with
ILC have been higher than that for IDC. However,
treatment trends show that there is movement
from aggressively treating ILC with mastectomy to
breast conservation.'” If a tumor can be removed by
lumpectomy with negative margins, then lumpec-
tomy and radiation therapy is warranted.”

It is important to point out that our patient did
not undergo post-mastectomy irradiation during
treatment of her primary tumor. Studies that date
as far back as the early 1970s have shown that the
use of post-mastectomy adjuvant radiation de-
creases the incidence of locoregional recurrence
by two thirds.’® Two published studies have also
shown that the use of adjuvant irradiation has a
positive effect on survival rates, with the study by
Overgaard, et al. showing a statistical significance Pleural effusion
in overall survival in high risk post-menopausal
woman diagnosed with brest cancer.’ 2 FIGURE 2. Disease infiltrating the mediastinum from recurrent breast cancer.

Radiol Oncol 2012; 46(1): 23-27.
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As for the risk of recurrence, Recht et al. exam-
ined factors associated with locoregional failure
(LRF) in breast cancer patients from four rand-
omized ECOG trials. The patients in this study had
undergone mastectomy, chemotherapy with or
without tamoxifen, and without radiation. These
patients fit the treatment scheme as that of the pa-
tient presented herein. At 10 years, the risk of LRF
+ distant failure (DF) was reported as 12.9% for pa-
tients who had one to three positive nodes at the
time of their primary cancer (like the patient pre-
sented). It was estimated that 80 % of the patients
who had an isolated recurrence and LRF + DF were
diagnosed within 5 years of their primary cancer.
The study does not mention the histological types
of tumors in this patient population.?! Moreover,
the presentation of the tumor recurrence is ac-
countable for the clinical outcome of the patient.
Willner ef al. found that survival rate decreased sig-
nificantly if recurrence involved multiple nodules,
with a 5-year survival rate of 12%.%

Treatment of locoregional recurrence involves
an attempt to clear all local disease. Studies reveal
that local control is the most important treatment
factor. Interestingly, the optimal local treatment of
recurrences requires not only excision but also the
use of adjuvant radiotherapy. The use of excision
alone has reported failure rates of 57%-76%.%

There are several known and reported compli-
cations of breast implants including contracture
of tissue surrounding the breast implant and im-
plant rupture. Implant rupture is thought to be
associated with the age of the implant.?*?* There
has also been much speculation about the risks
of breast cancer development and the prognosis
of diagnosed breast cancer in patients with breast
implants. Reasonably, it has been thought that the
uncontrolled and ubiquitous phenomenon of gel
bleed, which is the diffusion of silicone across the
implant’s intact envelope, can result in chronic
inflammation. The chronic inflammation would
thus increase the potential for cancer develop-
ment.® This theory has not been proven clini-
cally in patients. More importantly, studies did
find that breast implants impede visualization of
breast tissue during screening mammography.>?2
As a result, it is feared that implants may delay
diagnosing of breast cancer, leaving the patients
with an advanced stage tumor. This delay has
been reported by several studies, which confirmed
that patients with implants were diagnosed with
more advanced breast cancer.?*? These studies had
small patient populations. Two large cohort stud-
ies have found that there is no clinical association
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that would suggest that patients with implants
have worse prognosis upon diagnosis of their can-
cer.”>2830 The Los Angeles study showed that there
was no difference in stage of breast cancer between
women with breast implants and women without
implants.?” The Alberta study showed that there
was no significant difference in survival rates be-
tween cancer patients who had implants and those
without implants.*

Lastly, it is important to point out that these
studies have focused on the development of pri-
mary breast cancer after cosmetic breast augmen-
tation. There is little known about the development
of breast cancer in patients who had undergone
reconstructive surgery.” Petit et al. compared 146
breast cancer patients who had undergone recon-
structive surgery to 146 matched control patients
who underwent mastectomy but not reconstruc-
tive surgery. The study showed that patients who
had implants were at a lower risk of death due to
breast cancer, distant metastasis, and local recur-
rence. These patients did not have an increased risk
of developing a second primary breast cancer.! In
addition, there is insufficient evidence that silicone
breast implants may cause other cancers.

Interestingly, there has been one case report in
which a primary desmoid tumor was associated
with a silicone implant rupture.®?To our knowledge
this is the first reported case in which a ruptured
breast implant appeared at the same time as cancer
recurrence. Perhaps the uncontrolled growth of the
recurrent cancer may have contributed to the im-
plant rupture.
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Background. The purpose of using a whole-body scanning affer the radioactive I-131 treatment is to screen func-
fional residual or metastatic thyroid fissues. In whole-body scanning of some patients, false positive radioiodine I-131
uptakes may be seen in physiological uptake regions or atypical localizations.

Case report. A 54 year-old woman underwent total thyroidectomy for papillary thyroid carcinoma. A positive ap-
pearance seen in the upper postero-lateral part of the right gluteal region was determined by a post-therapy |-131
whole body scan. The colour Doppler ulfrasonography, magnetic resonance imaging features and histopathological
characteristics of the excised lesion were presented. The lesion was demonstrated fo be a foreign body granuloma.
Conclusions. Unexpected positive findings in the post-therapy I-131 whole body scan should be confirmed with
other imaging modailities in order to avoid unnecessary freatments. In uncertain situations, the diagnosis should be
established histopathologically.

Key words: thyroid cancer; false positive radioiodine uptake; post-therapy |-131 whole body scan; colour Doppler
ultrasonography; magnetic resonance imaging

Introduction

A total or near total thyroidectomy followed by the
radioactive I-131 (RAI) treatment is administered as
an initial treatment modality in selective papillary
thyroid carcinoma patients.! After RAI treatment,
screening of functional residual or metastatic thy-
roid tissues is performed by a whole-body scanning
(WBS). False-positive RAI uptakes may be seen in
physiological uptake regions or atypical localiza-
tions where the uptake is not expected normally in
varying proportions.>® These uptakes may some-
times be confusing and other imaging modalities
and histopathological examination may be neces-
sary in order to achieve an accurate interpretation.*!!

Radiol Oncol 2012; 46(1): 28-31.

In our report, the patient is presented with an
atypical localized RAI uptake caused by the for-
eign body granulom in subcutaneous fat tissue. It
is an interesting case, and as far as we are aware,
this is the first case of this kind in the literature.

Case report

A 54 year-old woman was admitted to the general
surgery clinic with a neck mass complaint. Thyroid
gland enlargement without palpable nodularity
was found on the physical examination. Neck ultra-
sonography revealed multiple nodules in the right
thyroid lobe and there was no cervical lymphaden-

doi: 10.2478/v10019-011-0016-5
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FIGURE 1. A: Post-therapy I-131 whole body scan performed
7 days after the administration of 5.5 GBg. Remarked focal
uptake (arrow) shows upper the postero-lateral part of right
gluteal region. B and C: abdominopelvic posterior and right
lateral static images faken after 24 hours demonstrate stable
uptake (arrows) in the same region.

opathy in the clinical and ultrasonographic exami-
nation. The patient was found to be “euthyroid” in
terms of thyroid functions. Fine needle aspiration
biopsy of the dominant nodule was reported as
“suspicious”. Total thyroidectomy was performed
under general anaesthesia. In the histopathological
evaluation, papillary carcinoma measuring 1 cm in
diameter was determined in the right thyroid lobe.
Lymphatic invasion, perineural invasion and extra
capsular spread were demonstrated.

Following total thyroidectomy the patient was
not treated with thyroid hormone replacement. She
was put on a low-iodine diet for four weeks. The
patient was ablated with 5.5 GBq RAI when serum
levels were measured as 59.5 plU/mL for thyroid
stimulating hormone, 3.69 ng/mL for thyroglobulin
and 717.4 IU/ml for anti-thyroglobulin antibody. In

FIGURE 2. Pelvic colour Doppler ultrasound shows a lesion
peripherally hypoechoic and hyperechoic in the middle with
a diameterin 10 mm in the right gluteal adipose tissue. A clear
blood supply example was not observed.

WBS administered 7 days after ablation, the abnor-
mal focal RAI uptake was observed in the upper
postero-lateral part of the right gluteal region. The
patient was advised to take a shower and wear new
clothes to exclude a possible radiopharmaceutical
skin contamination. On the posterior and right lat-
eral static images received the next day, the patho-
logical RAI uptake appeared to persist in the same
region (Figure 1). In the ultrasonography, a lesion
hypoechoic peripherally and hyperechoic in the
middle was determined in the right gluteal adipose
tissue with a diameter of 10 mm (Figure 2). The le-
sion did not show a clear blood supply in the color
Doppler ultrasonographic examination (Figure 2).
In the pelvic magnetic resonance imaging, a lesion,
which was hypointense in T1-weighted images and
hyperintense in T2-weighted fat-suppressed im-
ages with slightly irregular borders, was observed
at the same location (Figure 3). The location of the
lesion was marked with ultrasonography and was
excised with safe surgical margins under local an-
aesthesia (Figure 4). In the histopathological exam-
ination, the lesion was found to be a foreign body
granuloma (Figure 5).

Discussion

The active transportation of iodine in follicular cells
of the thyroid gland occurs via an “integral plasma
membrane glycoprotein” called “Sodium/Iodide
symporter” (NIS). NIS is known to exist and has
an active role also in tissues such as salivary gland,

Radiol Oncol 2012; 46(1): 28-31.
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FIGURE 3. Axial magnetic resonance images. A: TIW image shows a hypointense lesion (black arrow) in adipose fissue in the pos-
tero-lateral part of right gluteal region. B: T2W fat-suppressed image shows hyperintense lesion (white arrow) with slightly iregular
borders, internal structure slightly heterogeneous in the same region.

FIGURE 4. Macroscopic view of excised lesion with 3.7x2.5x2
cm dimensions. A solid region with a diameter in 1 cm in dirty
cream colour separated from the other areas is shown on the
cross-sectional area of the lesion.

lachrymal gland, breast tissue and gastric mucosa.
Also, NIS forms the basis of cellular RAI uptake
mechanism in metastatic tissues in diagnostic and
therapeutic applications administered in patients
with thyroid cancer.’* However, the role of NIS in
false positive RAI uptakes is not clear.

It has been reported that false positive RAI up-
takes may be seen in physiological uptake regions
and atypical localizations where the uptake is not
expected in general in diagnostic or post-therapy
WBS. Brucker-Davis et al. reported false positive
results in four groups as: elimination of iodine

Radiol Oncol 2012; 46(1): 28-31.
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FIGURE 5. Microscopic images. A: Foreign body granuloma
area (H&E, obj x 10). B: Macrophages, lymphocytes and multi-
nucleated giant cells consisting of the foreign body granuloma
(H&E, obj x 20).

through body fluids, infection or inflammation,
cyst or transudates and non-thyroid tumors.*
Mitchell ef al. examined false positive RAI uptakes
with similar type of tissue.® Bakheet et al. classi-
fied false positive findings according to underlying
uptake mechanisms into four groups: physiologic
uptake, pathologic activity, internal retention, and
external contamination by body secretions.® It is
predicted that leucocytes stimulate the formation
of inflammatory exudates in chronic inflammatory
processes or organification of iodine in leucocytes
may cause the abnormal RAI accumulation.*® In
our opinion, with the acceptance of this hypothesis
more cases with any kind of chronic inflammation
should be detected with WBS. This condition sug-
gests that a different mechanism is responsible for
the RAI uptake in the foreign body granuloma.
For the proper patient management, it is cru-
cial to determine that radioactive I-131 uptakes
observed outside of the neck region are real posi-
tive lesions (metastasis). In suspicious cases of false
positive results, primarily, the probability of con-
tamination or inadequate elimination of radioio-
dine from body fluids should be excluded.?” This
could be excluded easily by obtaining direct late
images in same or different projections (lateral, ob-
lique) or indirect followed by applications realized
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for the physical decontamination or cleaning phys-
iological uptakes. False positive uptakes that may
be seen in regions where thyroid cancer metastases
frequently occur (lungs, brain, skeletal system) or
in other rare localizations often cause difficulties in
diagnosis.>!? In such cases, correlation with other
imaging modalities and histopathological diagno-
sis, when possible, are necessary in order to avoid
unnecessary treatments. Ultrasonography is an
easy and accessible useful modality in the evalu-
ation of soft tissue in pelvic region, but magnetic
resonance modality has been found to be superior
compared to other imaging modalities.!!> The ex-
cision and the histopathological examination of le-
sions causing false positivity is mandatory for the
definitive diagnosis.*’

Conclusions

This is the first report regarding the abnormal ra-
dioiodine I-131 uptake in the foreign body granu-
loma located in adipose tissue. Mechanism of this
uptake is not clear. Further studies are recom-
mended in order to avoid unnecessary treatments
when suspicious false positive RAI uptakes exist.
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Background. Electrochemotherapy is a local freatment combining chemotherapy and electroporation and is highly
effective tfreatment approach for subcutaneous ftumours of various histologies. Contrary fo surgery and radiation, the
effect of electrochemotherapy on metastatic potential of tumour cells has not been extensively studied. The aim of
the study was to evaluate the effect of electrochemotherapy with bleomycin on the metastatic potential of human
melanoma cells in vitro.

Materials and methods. Viable cells 48 hours after electrochemotherapy were tested for their ability to migrate
and invade through Matrigel coated porous membrane. In addition, microarray analysis and quantitative Real-Time

PCR were used to detect changes in gene expression after electrochemotherapy.
Results. Cell migration and invasion were not changed in melanoma cells surviving electrochemotherapy.
Interestingly, only a low number of fumourigenesis related genes was differentially expressed after electfrochemo-

therapy.

Conclusions. Our data suggest that metastatic potential of human melanoma cells is not affected by electroche-
motherapy with bleomycin, confirming safe role of electrochemotherapy in the clinics.

Key words: bleomycin; electrochemotherapy; electroporation; metastatic potential; melanoma; microarray analysis

Introduction

Metastatic progression is a complex multi-step
process that requires acquisition of many specific
cell properties, such as loss of cellular adhesion,
increased invasiveness, intravasation and survival
in the vascular system, extravasation, survival and
proliferation in a new microenvironment. Each of
these properties is fulfilling a specific function in
the metastatic cascade for successful establishment
of metastases.’? Interactions between metastatic
cells and their microenvironment are important
for the development of metastasis.! Random ge-
netic and epigenetic alterations in cancer cells in a
combination with a plastic and responsive micro-

Radiol Oncol 2012; 46(1): 32-45.

environment support the metastatic evolution of
tumours.?

It is now evident that alterations in tumour cells
and/or their microenvironment induced by thera-
py can affect interactions between metastatic cells
and their microenvironment, and thus play an im-
portant role in metastasis induction. Experimental
studies demonstrated that surgical resection of
a tumour changes the microenvironment of the
wound site and provides a microenvironment fa-
vourable for tumour growth.*® Significantly fewer
malignant cells are required to grow a tumour in
the wounded tissue.® Depending on the type of
cancer, tumour growth in the wounded tissue is
accelerated at different degree.* In addition, stud-

doi:10.2478/v10019-012-0010-6
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ies of experimental tumours have confirmed radi-
ation-induced metastases.” Depending on the type
and dose of radiation used, a decrease or increase
in cell migration and invasion can be observed in
different tumour types in vitro and in vivo.”!!

Electrochemotherapy (ECT) is a local treatment
combining chemotherapy and electroporation.
Electroporation is a highly effective physical meth-
od for transient modification of cell membrane
permeability by means of series of controlled elec-
tric pulses.!?®® Different studies demonstrated that
electroporation is effective in facilitating uptake
of different molecules into cells, including chemo-
therapeutic drugs.'* Among these, chemotherapeu-
tic drugs bleomycin (BLM) and cisplatin proved to
be effective in ECT. Electroporation increased BLM
cytotoxicity several thousand fold, and cisplatin
cytotoxicity up to 80-fold.”® Clinical trials demon-
strated that ECT with BLM or cisplatin is effective
in the treatment of skin tumour nodules of various
tumours, including malignant melanoma.!>%

In contrast to surgery and radiation, the effect
of ECT on metastatic potential of tumour cells has
only recently gained attention. Although there
were no reports of increased metastatic spread of
tumours after ECT in the clinical studies, it is im-
portant to evaluate the effect of suboptimal thera-
py on tumour cells.? Namely, biological properties
of tumour cells that were suboptimally affected by
ECT due to insufficient drug distribution or subop-
timal electroporation of the tissue can be modified
and thus represent a relevant problem.??? Till date,
it was shown that ECT with BLM does not increase
metastatic spread of liver tumours in rabbits.? In
clinical trials, there were no reports of increased
metastatic spread of tumours after ECT.? None of
the lesions in complete response after ECT with
BLM relapsed during the follow-up of 21 months.!®
Previously, it was demonstrated that electropora-
tion alone does not significantly change the expres-
sion of major cancer related genes.? Also, metastat-
ic potential of melanoma cells in vitro is not affected
by ECT with cisplatin.?> The results of both studies
are supporting current evidence that electropora-
tion and ECT are safe methods that do not induce
tumour progression. However, the effect of elec-
trochemotherapy with BLM, the most used drug in
electrochemotherapy, on the metastatic potential is
not known.

Therefore, the aim of the current study was to
assess for the first time the effect of ECT with BLM
on the metastatic potential of melanoma cells in
vitro. Furthermore, we also evaluated its effect on
gene expression in the same cells. For this purpose,

cell migration and invasion of cells surviving ECT
with BLM were evaluated using porous cell culture
inserts widely used in in vitro studies of cell mi-
gration and invasion.?*?” Furthermore, the effect of
ECT with BLM on gene expression was determined
by microarrays and validation of gene expression
of differentially expressed genes involved in meta-
static process was performed by qRT-PCR.

Materials and methods
Cell line

Human malignant melanoma cells SK-MEL28
(HTB-72; American Type Culture Collection,
USA) were derived from a melanoma metastasis
and have high migratory and moderate invasive
potential.#? SK-MEL28 were grown as mon-
olayer in Minimum Essential Medium (MEM)
with Glutamax (Gibco, Invitrogen, Paisley, UK),
supplemented with 10% foetal calf serum (FCS)
(Invitrogen, Paisley, UK) and gentamicin (30 pg/
mL) (Gibco, Invitrogen, Paisley, UK). Cells were
routinely subcultured twice a week and incubated
in an atmosphere with 5% CO, at 37°C.

Drug

BLM (Blenamax) was obtained from Pharmachemie
BV (Haarlem, the Netherlands) as a crystalline
powder. BLM was dissolved in saline (0.9% NaCl)
at a concentration 1 mM. For each experiment, a
fresh solution of BLM was prepared. The final con-
centrations of BLM (0.01 nM to 1 pM) were pre-
pared in DMEM.

Electrochemotherapy protocol

Confluent cell cultures were trypsinized, washed
in MEM with FCS for trypsin inactivation and once
in electroporation buffer (125 mM sucrose; 10 mM
K,HPO,; 2.5 mM KH,PO,; 2 mM MgClL,6H,0) at
4°C. The final cell suspension was prepared in elec-
troporation buffer at 4°C at a concentration of 22 x
10° cells/mL. For clonogenic assay, 90 uL (2 x 10°
cells) of the final cell suspension was mixed with 10
uL of BLM solution in concentration range 0.00001
UM to 1 pM. For microarray assay, 270 uL (6 x 10°
cells) of the final cell suspension was mixed with 10
pL of 0.1 uM BLM. One half of the mixture served
as a control of BLM treatment alone. The other half
of the mixture was placed between two parallel
electrodes with 2 mm gap in between and subject-
ed to eight square wave electric pulses with elec-
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tric field intensity 1300 V/cm, pulse duration 100
us and frequency 1 Hz. Electric pulses were gener-
ated by in-house build electroporator (University
of Ljubljana, Faculty of Electrical Engineering,
Ljubljana, Slovenia). After electroporation cells
were incubated at room temperature for 5 minutes,
diluted in 2 mL of growth media and then plated
for clonogenic, microarray and qRT-PCR assays.

Cell survival and viability after
electrochemotherapy

Clonogenic assay was used to determine cell sur-
vival after exposure to BLM, electroporation and
ECT. After exposure to BLM alone, electroporation,
or ECT with BLM, SK-MEL28 were plated at a con-
centration of 300 to 1200 cells/dish. After 15 days,
colonies were fixed, stained with crystal violet and
counted. The plating efficiency and the surviving
fraction were calculated. The surviving fraction of
cells exposed to electrochemotherapy was normal-
ized to electric pulses treatment alone. The experi-
ments were performed in triplicate and repeated
three times.

Cell viability assay (MTS assay, Promega,
Madison, USA) was used to determine cell prolif-
eration 48 and 72 h after ECT. After ECT protocol,
1.5 x 10* cells/well were seeded in two separate 96
well plates and left for 48 h and 72 h. After 48 h
and 72 h, a solution of MTS with PMS (ratio 20:1)
was added to each well and after 2 h absorbance
was measured at 492 nm using microplate reader
(Tecan, Salzburg, Austria). Absorbance at 492 nm is
directly proportional to cell viability and was nor-
malized to control cells at 48 h for each sample. The
experiment was repeated twice in sextuplicates.

Migration and invasion assay

For migration assay, uncoated inserts with poly-
carbonate membrane with 8 pm pores (TPP,
Switzerland) in 24 well plates were used. 48 h after
exposure to BLM or ECT, cells were trypsinized,
washed in MEM with FCS for trypsin inactivation,
centrifuged, resuspended in serum-free MEM and
counted. Cells (9 x 10* per well) were plated in in-
serts (TPP) with 8 um pores in 24 well plate in 400
puL serum-free MEM and 400 uL MEM with 10%
FCS as chemo-attractant was added to the wells in
24 well plate. After 22 h, MTT was added to inserts
and wells and incubated for another 2 h. The mi-
grated cells were washed off the bottom of the in-
sert and collected in the original well, whereas the
inserts were transferred to a clean well. Formazan
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crystals were dissolved in dimethyl sulfoxide
(DMSO). Absorbance was measured at 595 nm us-
ing microplate reader (Tecan). The experiment was
repeated three times in quadruplicates. Migration
is the ratio between the absorbance of the cells col-
lected in the original well over the sum of absorb-
ance of the cells collected in the original well and
the cells collected in the insert.

For invasion assay, the inside of the insert was
coated with Matrigel (BD Bioscience, USA) diluted
in serum-free MEM according to manufacturer’s
instructions. Inserts were incubated for 1 h at room
temperature to allow Matrigel polymerization.
The inserts were washed with serum-free MEM.
Invasion was tested in the presence of Matrigel but
otherwise as described for the migration assay. The
experiment was repeated three times in quadrupli-
cates. Invasion is the ratio between absorbance of
the cells collected in the original well over the sum
of absorbance of the cells collected in the original
well and the cells collected in the insert.

Adhesion assay

Cell adhesion assay was determined 48 h post-
treatment. For adhesion assay, 96 well plate was
coated with Matrigel diluted in serum-free MEM
according to manufacturer’s instructions. 96 well
plates were incubated for 1 h at room temperature
to allow Matrigel polymerization. Unbound mate-
rial was aspirated and 96 well plates were gently
washed with serum-free MEM. BLM or ECT treat-
ed cells were trypsinized, washed in MEM with
serum for trypsin inactivation, centrifuged, resus-
pended in serum-free MEM and counted. Cells (3
x 10* per well) were plated in pre-prepared 96 well
plate in 200 uL serum-free MEM. After 2 h, me-
dium and unbound cells were removed from the
wells and attached cells were gently washed with
1x PBS and fresh serum-free MEM with MTT (0.5
mg/mL) (Calbiochem, Germany) was added. Cells
were incubated for another 2 h, media was then re-
moved and formazan crystals dissolved in DMSO
(Sigma Aldrich, Steinheim, Germany). Absorbance
was measured at 595 nm using microplate reader
(Tecan). The experiment was repeated four times
in septuplicates.

Microarray assay

RNA from BLM and ECT treated cells (with 0.1
puM) was isolated using TRI REAGENT™ (Sigma
Aldrich, Germany) and a PureLink™ Micro-to-
Midi Total RNA Purification System (Invitrogen,
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UK), according to the manufacturer’s instructions.
Briefly, 16 h after treatment, cells were trypsinized,
washed in MEM with FBS for trypsin inactiva-
tion and resuspended in PBS. After centrifugation,
all excess liquid was removed and 1 mL of TRI
REAGENT™ was added to each sample. Samples
were mixed and centrifuged. The aqueous phase
was transferred to a fresh microcentrifuge tube
and an equal amount of 70% ethanol was added.
Samples were transferred to a PureLink™ Micro-
to-Midi Total RNA Purification System column
(Invitrogen, UK) and processed according to the
manufacturer’s protocol. All samples were washed
from the column with 75 ul of RN Ase free water.

The quality of isolated RNA was checked on a
Bioanalyzer 2100 (Agilent, USA) using RNA 6000
Nano Labchip (Agilent) and 6000 RNA ladder as
reference (Ambion). Concentration and quantity of
RNA was determined with ND-1000 (Nanodrop,
USA).

Preparation of aaRNA was performed
with an Amino Allyl MessageAmp™ II aRNA
Amplification Kit (Ambion) according to the
manufacturer’'s recommendations. For each hy-
bridization, we labelled 5 ug of control (Cy3) and
5 ug of treated (Cy5) mRNA. After removing the
excess dye, the RNAs were dissolved in Nexterion
Hybridization solution (Schott Nexterion). Since
single-strand oligonucleotides are strong electro-
lytes care was taken to keep the ionic strength of
the medium and temperature the same in all ex-
periments.

Microarrays were prepared with Human
Apoptosis Subset v2.0 and Human Cancer Subset
v3.0 (Operon, Germany) 70mer oligonucleotides
and Nexterion 70mer Oligo Microarraying Kit
(Schott Nexterion, Germany) slides. Single ar-
ray contained 2698 different genes, each gene
being replicated at least 4 times on each array.
Oligonucleotides were spotted using an MG1000
spotter (MicroGrid, USA), immobilised and stored
according to the manufacturer’s instructions
(Schott Nexterion). All hybridisations were per-
formed on HS400 (Tecan, Austria) according to the
manufacturer’s instructions (Schott Nexterion). We
used an LS200 scanner (Tecan) at 6 um resolution
for scanning the microarrays.

Data was analysed using Array-Pro Analyzer
4.5 (Media Cybernetics, Bethesda, MD, USA) for
feature extraction after imaging of microarrays.
Acuity 4.0 (Molecular devices, USA) was used for
filtration of bad signals, LOWESS normalization,
and microarray data analysis. Features showing
signal intensity of more than 65000 were flagged

as bad. Features with signal less than 2 times the
intensity of background or coefficient of varia-
tion (CV, ratio between standard deviation of the
background and the median feature intensity)
greater than 0.3 were considered not significantly
expressed and were filtered out. Log, ratios were
normalized using LOWESS fit.* Median from
four replicates was used to calculate average gene
expression for single sample. Differentially ex-
pressed genes were selected based on direct com-
parison between treated and untreated cells where
difference in expression was used as cut off for de-
tection. Genes showing differential expression of
more than 1.5-fold in all replicates were considered
as differentially expressed. The standard error was
calculated for all differentially expressed genes.

Gene enrichment analysis was performed us-
ing WebGestalt program.’! Sets of differentially
expressed genes were compared to the original
gene dataset. The hypergeometric test was used for
GO category enrichment evaluation. The method
by Benjamini and Hochberg was used for multi-
ple test adjustment. Significance level was set to
either 0.05 or Topl0 (to identify the 10 categories
with the most significant p values). A cut-off for
the minimum number of genes required to test per
category was 2.

Validation of microarrays by Quantitative
Real-Time PCR (qRT-PCR) Analysis

Samples of total RNA isolated for preparation of
microarray assay were used also for validation of
microarray results by qRT-PCR analysis. One hun-
dred ng of isolated total RNA was reverse tran-
scribed using Quanti-Tect Reverse Transcription
Kit (Qiagen, Germany). In the first step, genomic
DNA in the samples was eliminated by addition
of gDNA Wipeout Buffer and incubation at 42°C
for 2 min. A master mix for reverse transcription
prepared from Quantiscript Reverse Transcriptase,
Quantiscript RT Buffer, and RT Primer Mix, was
added to the samples and incubated at 42°C for
15 minutes. The samples were further incubated at
95°C for 3 min to inactivate Quantiscript Reverse
Transcriptase. cDNA samples were either used di-
rectly in qRT-PCR or stored at -20°C for long term
storage. Similarly, 1 ug of total RNA from the con-
trol sample was reverse transcribed and serially di-
luted to prepare standard curve for quantification
of the qRT-PCR results.

Five genes were selected for validation by qRT-
PCR based on their involvement in metastatic proc-
ess (LASS2, PHLDA2, PRKCD, VIM, and LAMB3)
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TABLE 1. Tagman Gene Expression Assays for selected genes

Gene Symbol Gene Name Assay ID Probe Sequence

LASS2 LAG1 homolog, ceramide synthase 2 Hs00604577_m1 CTGCCGCCGGGATGCTCCAGACCTT
PHLDA2 Pleckstrin homology-like domain, family A, member 2 Hs00169368_m1 CCCGCCGCGGGCCATACGCTIGGACG
PRKCD Protein kinase C, delta Hs00178914_m1 AGGCCCAAAGTGAAGTCACCCAGAG
VIM Vimentin Hs00185584_m1 CCGGGAGAAATIGCAGGAGGAGATG
LAMB3 Laminin, B3 Hs00165078_m1 CACCCAGTATGGCGAGTIGGCAGATG
HSPAIB Heat shock 70 kDa protein 1B Hs01040501_sH CGCGGATCCCGICCGCCGTTTICCAG
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FIGURE 1. Cell survival after exposure to BLM and electrochemotherapy with BLM.
The surviving fraction of cells exposed fo electrochemotherapy was normalized to
electric pulses freatment alone. Data are expressed as mean value * standard error

of the mean.

and one gene was selected based on its expression
pattern after exposure to electric pulses used for ECT
(HSPA1B). Specific Tagman Gene Expression Assays
(Applied Biosystems, USA) were used to meas-
ure expression of LASS2, PHLDA2, PRKCD, VIM,
LAMBS3, and HSPA1B genes in control and treated
samples (Table 1). Human GAPDH (Pre-Developed
TagMan Assay Reagents, Applied Biosystems) was
used as an endogenous control. qRT-PCR reactions
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were performed using a TagMan Universal PCR
Master Mix II (Applied Biosystems) and 7300 Real
Time PCR System (Applied Biosystems). Thermal
cycling conditions included initial UNG incubation
at 50°C for 2 min, followed by polymerase activa-
tion at 95°C for 10 min and 50 cycles of 15 seconds
at 95°C and 1 min at 60°C. Data was analysed using
Applied Biosystems SDS v1.3.1. A standard curve
method was used for quantitative analysis. The
expression level of selected genes was normalized
to the expression of GAPDH in each sample and is
presented as a fold-change in expression compared
to control samples.

Results
Cell survival after electrochemotherapy

Cell survival after ECT with BLM was determined
by a clonogenic assay. Throughout the range of
tested BLM concentrations, melanoma SK-MEL28
cells exposed to electroporation were more sensi-
tive to BLM than the unexposed cells (Figure 1).
BLM treatment significantly reduced cell survival
at 0.1 uM BLM in comparison to untreated cells,
whereas ECT with BLM significantly reduced cell
survival already at 0.01 nM BLM. Exposure of cells
to electroporation resulted in increased BLM cyto-
toxicity as determined at IC;, value (0.03 uM for
BLM treatment and 0.038 nM for ECT with BLM).
Overall, electroporation increased BLM cytotoxic-
ity 800-fold.

Viability of SK-MEL28 cells was determined by
MTS assay 48 and 72 h after treatment to assure
that the changes in migration and invasion of SK-
MEL28 cells are not due to cell death (Figure 2).
Cell viability was not affected by different BLM
concentrations at 48 and 72 h post-treatment in
comparison to control cells at 48 h. Similarly, ECT
with BLM did not affect cell viability at the time of
determination of metastatic potential.
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Migration, invasion and adhesion assays

SK-MEL28 cells that were viable 48 h post-treat-
ment were plated in cell inserts for migration and
invasion assay and incubated another 24 h before
the number of viable cells in each compartment
was determined by MTT assay. The experimental
system allowed for about 23.5% of the control cells
to migrate and about 17.3% of the control cells to
invade through the Matrigel. Cell migration and
invasion were not affected either by BLM treat-
ment or ECT with BLM throughout the tested con-
centrations (Figure 3A and 3B). Interestingly, cell
migration was lower after ECT in comparison to
control and BLM treated cells, but this was not sta-
tistically significant.

Furthermore, adhesion of SK-MEL28 cells to
Matrigel was determined 48 hours post-treatment.
Throughout the tested concentrations, neither BLM
alone nor ECT with BLM affected cell adhesion in
comparison to control cells (Figure 3C).

Cell viability (% of control)

TABLE 2. Differentially expressed genes after freatment with bleomycin
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FIGURE 2. Viability of SK-MEL28 cells 48 h and 72 h after BLM freatment or electroche-
motherapy with BLM. Cell viability was normalized to control cells at 48 h. Data are
expressed as mean value * standard error of the mean.

DOWN-REGULATED GENES

Gene symbol (RefSeq?) Fold expression®

Protein product

CYP2A7 (NM_000764) 19403
DRPLA (NM_001940) 18402
CGB5 (NM_033142) 1.7 +0.004
RPL31 (NM_000993) 1.7+0.1
SGK (NM_005627) 17402
MYL12 (NM_006471) 1.6 +0.03
EEFIAT (NM_001402) 1.5+0.07
CGB5 (NM_033142) 1.5+0.05

Cytochrome p450 2A7
Atfrophin1
Choriogonadotropin beta chain precursor
Ribosomal protein L31
Serine/threonineprotein kinase SGK
Myosin regulatory light chain 2
Elongation factor 1alpha 1

Choriogonadotropin beta chain precursor

UP-REGULATED GENES

Gene symbol (RefSeq?)

Fold expression®

Protein product

ARHD (NM_014578) 18403
INSM1 (NM_002196) 1.6+0.07
RBL2 (NM_005611) 1.6+0.1
HOXA4 (NM_002141) 1.640.1
PRKCD (NM_006254) 1.5+ 0.04
GNRHR (NM_000406) 1.5+0.03

Rho-related GTP-binding protein rhod
Zinc finger protein lal
Retinoblastoma-like protein 2
Homeobox protein HOXA4
Protein kinase C, delta type

Gonadotropin-releasing hormone receptor

°Gene accession number from NCBI Reference Sequence database. ® Values represent mean fold-expression (calculated from the log, ratio) and standard error of pooled data
from 3 independent experiments. Gene expression of genes in bold was validated by gRT-PCR method.
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Microarray assay

The difference in gene expression was identified by
comparison of malignant melanoma cells exposed
to either BLM alone, electric pulses alone, or ECT
with BLM to control cells. A total of 2698 genes
involved in cancer development were analysed.
Exposure of cells to BLM alone yielded 14 differ-
entially expressed genes (0.5% of the investigated
genes) (Table 2). Exposure of cells to electric pulses
yielded 34 differentially expressed genes (1.3% of
the investigated genes) (Table 3). Similarly to ex-
posure to electric pulses, ECT with BLM yielded
34 differentially expressed genes (1.3% of the in-
vestigated genes) (Table 4). There were no common
genes differentially expressed in all three groups.
However, the expression of 2 genes, CYP2A7 and
SGK, was down-regulated after exposure to BLM
and ECT with BLM, whereas the expression of 5
genes was differentially expressed after exposure
to electric pulses and ECT with BLM, of which
TNFRSF14, TBCA and RPA3 genes were down-reg-
ulated, and AD7c-NTP and HSPA1B up-regulated.

Further, we analysed sets of differentially ex-
pressed genes using the Gene Ontology Tree
Machine program to identify biological processes
involved in response to exposure to BLM or electro-
poration. Differentially expressed genes (Table 2, 3,
4) were compared to the list of all genes included
on the microarray to identify any significant gene
enrichment in comparison to the original gene da-
taset. We found gene enrichment in differentially
expressed genes involved in translation, ribosomal
small subunit biogenesis and negative regulation
of collagen metabolic process in cells exposed to
electric pulses only. There was no gene enrichment
after exposure to BLM alone, or ECT. In addition,
there was no significant gene enrichment in biolog-
ical processes related to metastatic potential after
exposure to BLM or ECT with BLM.

Validation of microarrays by Quantitative
Real-Time PCR Analysis

Five genes that were differentially expressed in
microarrays were selected for validation by qRT-
PCR based on their involvement in metastatic proc-
ess (LASS2, PHLDA2, PRKCD, VIM, and LAMB3)
and one gene was selected based on its expression
pattern after exposure to electric pulses used for
ECT (HSPA1B). Expression levels of selected genes
were analysed in all sample groups regardless of
their expression level measured by microarrays.
The expression level of selected genes was deter-
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TABLE 3. Differentially expressed genes cells after application of electric pulses

DOWN-REGULATED GENES

Gene symbol (RefSeq?) Fold expression® Protein product

RPL31T (NM_000993) 3.0+0.8 ribosomal protein L31

RPS17 (NM_001021) 23+0.9 40S ribosomal protein S17

TBCA (NM_004607) 22+0.5 tubuline specific chaperone A

PPIA (NM_021130) 2.0+0.5 peptidylprolyl cistrans isomerase A
S100B (NM_006272) 20+0.5 $100 protein

MYL9 (NM_006471) 1.9+0.3 myosin regulatory light chain 2

RPA3 (NM_002947) 1.9+0.5 replication protein A

NQOT (NM_000903) 1.9+0.3 NAD(P)H dehydrogenase 1

RPS6 (NM_001010) 1.8+0.1 40S ribosomal protein S6

H4FN (NM_175054) 1.7£0.1 histone H4

ITGB4 (NM_000213) 1.7+£0.2 intfegrin beta 4 precursor

EEFTAT (NM_001402) 1.7+£0.1 elongation factor-1 al

CD28 (NM_006139) 1.7+0.1 CD28 antigen precursor

H3F3A (NM_002107) 1.7+0.2 histone H3.3

CASP9 (NM_001229) 1.7£0.1 caspase 9 precursor

TNFRSF14 (NM_003820) 1.6 £0.1 TNF receptor superfamily member 14 precursor
CGB5 (NM_033142) 1.6 £ 0.1 choriogonadotropin beta chain precursor
RPH3AL (NM_006987) 1.5+ 0.06 rabphilin 3A like

TFDP1 (NM_007111) 1.5+0.07 transcription factor Dp-1
CST3(NM_000099) 1.5+ 0.06 cystatin C precursor

UP-REGULATED GENES

Gene symbol (RefSeq?)

Fold expression®

Protein product

IL6 (NM_000600) 20+0.5 interleukin 6 precursor
HSPA1B (NM_005346) 1.9+0.1 heat shock 70 kDa protein 1
RBL2 (NM_005611) 1.7+0.2 retinoblastoma like protein 2
CCNF (NM_001761) 1.7+0.1 G2/mitotic specific cyclin F
CRABP2 (NM_001878) 1.7+£0.1 retinoic acid binding protein II
GLIPRT (NM_006851) 1.7+0.2 glioma pathogenesis related protein
AD7c-NTP (NM_014486) 1.7+£0.2 neuronal thread protein
CDC25C (NM_001790) 1.6 +£0.03 M phase inducer phosphatase 3
RBBP4 (NM_005610) 1.6 £0.1 chromatin assembly factor 1 subunit C
HOXA4 (NM_002141) 1.6 £0.1 homeobox protein HOXA4
MATR3 (NM_018834) 1.5+0.02 matrin 3

DNAJB1 (NM_006145) 1.5+ 0.05 DNAJ homolog subfamily B member 1
RIN2 (NM_018993) 1.5+ 0.04 Ras and Rab inferactor 2

RB1 (NM_000321) 1.5+£0.02 retinoblastoma 1

°Gene accession number from NCBI Reference Sequence database. ® Values represent mean fold-expression (calculated from the log, ratio) and standard error of pooled data
from 3 independent experiments. Gene expression of genes in bold was validated by gRT-PCR method.
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TABLE 4. Differentially expressed genes after electrochemotherapy with bleomycin

DOWN-REGULATED GENES

Gene symbol (RefSeq?)

Fold expression®

Protein product

SGK (NM_005627)
TNFRSF14 (NM_003820)
SPARC (NM_003118)
TBCA (NM_004607)
LDHA (NM_005566)
RPA3 (NM_002947)
NT5E (NM_002526)
HSPET (NM_002157)
TUBAT (NM_006082)
TOP2A (NM_001067)
CYP2A7 (NM_000764)
CALM3 (NM_001743)
CIQBP (NM_001212)
VIM (NM_003380)
PSMB7 (NM_002799)
NMET (NM_000269)
RET (NM_020975)
YWHAZ (NM_003406)
PDCDS5 (NM_004708)
ID3 (NM_002167)
PRSS11 (NM_002775)
MERTK (NM_006343)

2.8+0.07
1.9+0.2
1.9+0.3
1.9+0.3
1.7+£0.2
1.6 £0.1
1.6 £0.03
1.6 +£0.09
1.6 +£0.02
1.6+0.2
1.5+0.2
1.5+0.08
1.5+0.09
1.5+0.1
1.5+0.2
1.5+0.1
1.5+£0.08
1.4 £0.02
1.4 £0.08
1.4 £0.08
1.4+£0.2
1.4+0.1

Serine/threonine protein kinase
Tumour necrosis factor receptor superfamily member 14 precursor
SPARC precursor
Tubulinspecific chaperone A
L-lactate dehydrogenase A chain
Replication protein A 14 kDa subunit
5'nucleotidase precursor
Heat shock 10kDA protein 1
Tubulin alphal chain
Topoisomerase (DNA) Il alpha
Cytochrome p450 2A7
Calmodulin
Complement component 1, g subcomponent binding protein
Vimentin
Proteasome subunit beta type 7 precursor
Nucleoside diphosphate kinase A
Protooncogene tyrosineprotein kinase receptor ret precursor
Protein kinase C inhibitor protein1
Programmed cell death protein 5
DNA binding protein inhibitor
Serine protease HTRAT precursor

Protooncogene tyrosineprotein kinase MER precursor

UP-REGULATED GENES

Gene symbol (RefSeq?)

Fold expression®

Protein product

TAX1 (NM_014604)
TNA (NM_003278)
AD7C-NTP (NM_014486)
CTSK (NM_000396)
HSPATB (NM_005344)
PHLDA2 (NM_003311)
TIYHT (NM_020659)
JUND (NM_005354)
LASS2 (NM_013384)
BTF3 (NM_001207)
ARG2 (NM_001172)
CBS (NM_000071)
RPLPO (NM_053275)

1.7+0.3
1.7+0. 4
1.7+£0.2
1.6 £0.2
1.6 £0.2
1.6 £0.1
1.5+0.3
1.5£0.1
1.5+0.2
1.4+0.1
1.4+0.1
1.4+0.1
1.4£0.1

TAX interaction protein 1
Tetranectin precursor
Neuronal thread protein
Cathepsin K precursor
Heat shock 70 kDa protein 1
Tumour suppressing subtransferable candidate 3
Tweety homolog 1
Jun D proto-oncogene
Tumour metastasis suppressor
Transcription factor BTF3
Arginase |l
Cystathionine betasynthase

60s acidic ribosomal protein PO

°Gene accession number from NCBI Reference Sequence database. ® Values represent mean fold-expression (calculated from the log, ratio) and standard error of pooled data
from 3 independent experiments. Gene expression of genes in bold was validated by gRT-PCR method.
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mined as a fold-change in expression compared
to control samples. None of the tested genes was
more than 1.5-fold down-regulated, whereas sev-
eral genes were up-regulated more than 1.5-fold af-
ter treatment (Figure 4). PRKCD and LAMB3 were
up-regulated more than 1.5-fold after exposure to
electric pulses alone. HSPA1B was up-regulated
more than 1.5-fold after exposure to electric pulses
alone or ECT with BLM. PHLDA2 was up-regu-
lated more than 1.5-fold after exposure to electric
pulses alone and ECT with BLM. The expression
levels of VIM and LASS2 were not differentially
expressed after treatment as detected by qRT-PCR.
Our results demonstrated that the expression levels
of selected genes evaluated by microarrays or qRT-
PCR were similar and did not differ significantly
(Table 5). It is of interest that 3 genes (LAMBS,
PRKCD and PHLDA?2) were found to be more than
1.5-fold up-regulated by qRT-PCR after exposure
to electric pulses, but not by microarrays (Table 5).

Discussion

The aim of this study was to evaluate for the first
time the effect of ECT with BLM on metastatic po-
tential of melanoma cells SK-MEL28 in vitro. Our
results demonstrated that ECT with BLM does
not affect metastatic potential of melanoma cells
in vitro. In addition, a low number of genes were
differentially expressed after ECT with BLM. Gene
expression of LASS2, PHLDA2, PRKCD, VIM, and
LAMBS involved in metastatic processes was mini-
mally up-regulated, which was confirmed by qRT-
PCR. Furthermore, HSPA1B that was up-regulated
in response to electric pulses was also minimally
up-regulated. However, this up-regulation did not
result in biological response. All together these da-
ta indicate that metastatic potential of melanoma
cells is not increased by ECT with a wide range of
BLM concentrations.

Cytotoxicity potentiation after exposure to
electric pulses is due to increased drug accumula-
tion.® Cytotoxicity potentiation was demonstrated
in many in vitro studies on different tumour cell
lines. In comparison to other cell lines, melanoma
cells SK-MEL28 were the most sensitive cells to
treatment with BLM alone.**% However, BLM cy-
totoxicity was considerably potentiated by 800 fold
after exposure of cells to electric pulses and is in
the middle range of potentiation factors for differ-
ent cell lines.

In the last decade, many studies focused their
attention to a controversial problem of therapy

[ control
a5 [ ECT pulses
- N eLm
ok — [ ECT ELM

Fold-change in expression
(mRMA target gene/mRNA GAPDH)

VIM  PRECD LAMB3 HSPA1B LASS2 PHLDAZ

FIGURE 4. Fold-change in expression of selected genes by qRT-PCR. Dotted line
denotes a 1.5-fold up-regulation and solid line a 1.5-fold down-regulation of gene

a1

expression. Data are expressed as mean value *+ standard error of the mean.

TABLE 5. Comparison of differential gene expression by microarrays and gRT-PCR
for selected genes after bleomycin freatment, electroporation or electrochemo-

therapy with bleomycin

fold-change t st. dev.
gene treatment
microarrays gRT-PCR

up-regulated genes®

HSPA1B 1,9+0,1 20+1,0 EP
1,6 £0,2 1,5+0,5 ECT BLM
LASS2 1,56+0,2 1,1+£0,6 ECT BLM
PHLDA2 1,6+£0,1 20+0,7 ECT BLM
PRKCD 1,5+0,04 0,9 +0,4 BLM

down-regulated genes®

VIM 1,5+£0,1 1,5+£02 ECT BLM

no change in expression®

LAMB3 10 2,4+0,7 EP
PRKCD 1° 1,7£0,1 EP
PHLDA2 10 1,7+0,2 EP

@ indicates change in expression as determined by microarrays.
° indicates there was no change in gene expression determined by
microarray analysis.

induced metastases. The effects of surgery on tu-
mour growth were proposed in the late 50's and
were later confirmed by experimental studies (re-
viewed in ¥). To improve surgical resection of tu-
mours different fluorescence imaging agents can
be used to detect and remove any residual tumour
cells.?® It is important to remove all tumour cells
because surgical resection of a tumour changes the
microenvironment of the wound site and provides
a tumour growth favourable microenvironment.**

Radiol Oncol 2012; 46(1): 32-45.
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Similar findings for therapy induced metastases
were demonstrated also for irradiation therapy. It
can promote malignant behaviour of various can-
cer cell types in vitro®!! and in vivo.”*1%¥ Changes
in cell migration and invasion are dependent both
on the type and dose of radiation used.”!! For
melanomas, increased probability for developing
metastatic disease after subcurative irradiation
therapy was demonstrated.” This can be explained
by melanomas having a high intrinsic capacity for
repair of sublethal DNA damage caused by irra-
diation.®

Contrary to the studies on surgery and radiation
induced metastases, not much is known about the
effect of ECT, which is also a local treatment, on
metastatic potential of tumour cells. In the clinical
studies, there were no reports of increased meta-
static spread of tumours after ECT.!8204! Relevant
clinical problem are the cells surviving ECT due
to insufficient drug distribution or suboptimal
electroporation of the tissue.2'?>4 Therefore, it is
important to evaluate the effect of ECT on tumour
cells surviving ECT.

We chose a melanoma cell line SK-MEL28 as a
study model because these cells were characterized
having a high migratory potential.?® To simulate
clinical conditions, SK-MEL28 cells were exposed
to either BLM treatment or ECT with BLM and
after 48 h viable cells were plated for cell migra-
tion, invasion and adhesion assays. We used cell
culture inserts with porous membrane that are
widely used in in vitro studies of cell migration and
invasion because metastatic potential is directly
linked to tumour cell migration and invasion ca-
pability.5?® Basement membrane is the critical bar-
rier to the invasion of the tumour cells.?® For cell
invasion assay, the inserts were coated with a lay-
er of Matrigel, a mixture of basement membrane
proteins, routinely used in the studies of cell inva-
sion to mimic extracellular matrix barrier.?”?® Qur
experimental conditions allowed for about 23.5%
of the control cells to migrate and about 17.3% of
the control cells to invade through the Matrigel. A
range of BLM concentrations from 0.01 nM to 0.01
UM were evaluated either alone or in combination
with electroporation. As expected, we demonstrat-
ed that neither cell migration nor cell invasion was
affected after electrochemotherapy with different
BLM concentrations. Similarly, no effect of BLM
treatment alone or of exposure to electric pulses on
cell migration and invasion was seen. Our results
also show that smaller proportion of control cells
was able to invade through the Matrigel layer. This
is expected because other factors, such as proteo-
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lytic enzymes, are involved in cell invasion proc-
esses.

Changes in migration and invasion activities
can be affected by the differing ability of cells to
adhere to membranes.®? In this regard, cell adhe-
sion to Matrigel was tested on cells that were vi-
able 48 hours after treatment and we demonstrated
that there was no change in cell adhesion after
BLM treatment or electrochemotherapy with BLM.
Because the migratory and invasive cells were de-
termined by colorimetric MTT assay that is directly
proportional to the number of viable cells the re-
sults of the migration and invasion assay can be
affected by cell death after therapy. To avoid this
problem, the number of cells was adjusted prior
to seeding cells in the cell culture inserts for mi-
gration and invasion assay. In addition, we also
demonstrated that there was no difference in cell
proliferation rate of the treated cells in the 24-hour
interval of migration and invasion assays.

The results of this study complement our previ-
ous study where we demonstrated that cell migra-
tion and invasion of SK-MEL28 cells is not affected
by suboptimal exposure to ECT with cisplatin.?®
Furthermore, the results of both studies are sup-
ported by the findings of various clinical studies
where it was demonstrated that none of the le-
sions in complete response after ECT with BLM
or cisplatin relapsed during the follow-up of 21
months. 182041

However, an important aspect of therapy in-
duced metastases is also the modulation of tumour
microenvironment in a way to promote metastatic
behaviour. Different mechanisms are involved in
induction and promotion of metastasis. Also, dif-
ferent treatments affect metastatic potential in dif-
ferent ways as well as through different mecha-
nisms. In many studies up-regulation of (3, and
(3, integrins was observed and correlated with in-
creased cell migration and invasion after exposure
to different types of radiation.®%4 Furthermore,
up-regulation of matrix metalloproteinase-9
(MMP-9), metalloproteinase-2 (MMP-2), BCL-2,
BCL-X,, integrin-linked kinase (ILK), and inter-
leukin-9 was observed in different tumour cells in
response to different types of radiation.!%1343 [t
was also observed that tumours regrowing after
radiation treatment can have increased metastatic
potential because of radiation-induced hypoxia
and hypoxia-induced up-regulation of gene prod-
ucts promoting metastasis.”

To evaluate the effect of ECT with BLM on
gene expression, we prepared microarrays with
2698 genes involved in the development of cancer.
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The number of differentially expressed genes af-
ter exposure to BLM or ECT with BLM was very
low (ranging from 0.5% to 1.3% of all genes on the
microarray). Also, fold-expression of differentially
expressed genes was low. Only 7 of differentially
expressed genes after exposure to BLM, electric
pulses or ECT with BLM, of which 6 were down-
regulated, had fold-expression above 2-fold af-
ter ECT with BLM or exposure to electric pulses.
These differentially expressed genes are involved
in various biological processes.

To identify possible biological processes in-
volved in the response to BLM or ECT with BLM,
we used the WebGestalt program for gene enrich-
ment analysis. The original dataset of genes was
compared to differentially expressed genes after
BLM treatment or ECT with BLM to identify any
significant gene enrichment. There was no gene en-
richment among the differentially expressed genes
after BLM treatment or ECT with BLM. Similar re-
sults were demonstrated for electric pulses used
for ECT or electrogene therapy where significant
gene enrichment was observed, however not in
categories related to metastasis formation.?* These
results can be correlated to studies carried out on
mouse muscles, showing that electroporation does
not induce significant changes in gene expression.
DNA electrotransfer to mouse muscle induces only
small changes in the expression of cytoskeletal and
intracellular transport proteins, while no signifi-
cant changes in gene expression profiles of proteins
involved in stress, cell death and inflammation or
muscle regeneration were observed in response to
EP delivery.#* In our in vitro study, there was no
change in expression of genes involved in inflam-
mation as only tumour cells were included for gene
expression analysis. On the other hand, in vivo
study of mouse melanoma demonstrated that plas-
mid DNA encoding reporter luciferase gene alone
or in combination with electric pulses and different
electroporation protocols affects endogenous gene
expression.* Increased levels of mRNA and protein
levels for inflammatory chemokines and cytokines
were observed 4 h after gene electrotransfer and by
24 h, the expression levels of mRNAs and proteins
were already considerably reduced.#

A commonly used validation tool for confirm-
ing gene expression results from microarray analy-
sis is qRT-PCR.##® From differentially expressed
genes after BLM treatment and ECT, we selected
6 genes and we evaluated their mRNA expression
levels by qRT-PCR. The direction of change in gene
expression was the same by both microarrays and
qRT-PCR for 5 genes (HSPA1B, LASS2, PHLDA?,

PRKCD, and VIM) with differential expression
by microarrays. Interestingly, 3 genes (LAMBS3,
PRKCD and PHLDA?2) were found to be more than
1.5-fold up-regulated by qRT-PCR after exposure
to electric pulses, but not by microarrays. However,
this changes in gene expression can be considered
minor as only one (LAMB3) of the genes was more
than 2-fold up-regulated. It was demonstrated be-
fore that several parameters can affect correlation
of data between microarray and qRT-PCR results,
one of them being fold change in gene expres-
sion.”® Decreased correlations for genes with minor
changes in expression (less than 1.5) using probe
based qRT-PCR and oligonucleotide microarrays
were reported.##% Also, minor changes in gene ex-
pression seen by different methods can be a conse-
quence of different chemistries used in the assays
or differences in specific sequence targets.

PRKCD (Protein kinase C, delta type), VIM
(Vimentin), and LAMB3 (Laminin 3 chain pre-
cursor) are known to be involved in the meta-
static process. Increased expression of PRKCD in-
creases metastatic potential of melanoma cells.*-5!
However, other molecules are also involved in
the PRKCD-induced increased cell invasiveness in
melanoma cells.* Up-regulation of VIM is typical
for aggressive cell lines with high metastatic po-
tential, whereas down-regulation of VIM decreases
migration and invasion of breast and colon carci-
noma.**>% LAMB3 codes {3, subunit of laminin-5,
a protein involved in migration, invasion and
metastasis formation in tumour cells.**> Down-
regulation of (3, subunit in tumour cells is associat-
ed with the loss of basal membrane in invasive car-
cinomas.®® We speculate that changes in PRKCD,
VIM and LAMB3 expression were not sufficient to
increase metastatic behaviour of melanoma cells
SK-MEL2S8 or that deregulated expression of other
genes must be present to increase metastatic behav-
iour. Up-regulation of PHLDA? is associated with
Fas-receptor mediated apoptosis® and increased
expression of LASS2 leads to increased cell death.”
Up-regulation of both PHLDA2 and LASS2 after
ECT with BLM is likely associated with apoptosis
induction in cells exposed to cytotoxic concentra-
tions of BLM. It is known that BLM induces apop-
tosis.®® HSPAIB was the only gene with a specific
pattern of gene expression as it was up-regulated
after exposure to electroporation and ECT with
BLM. HSPA1B up-regulation was observed also
after electroporation with electric pulses used in
ECT and electrogene therapy protocols® as well as
after ECT with cisplatin.?® Increased expression of
HSPA1B can be a consequence of changes in cell
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membrane structure after electroporation because
changes in cell membrane structure can initiate
signalling pathways to increase expression of heat
shock proteins.®-2

Conclusions

To conclude, in this study we evaluated meta-
static potential of melanoma cells SK-MEL28 that
survived ECT with BLM at the in vitro level by
assessing cell migration, invasion and adhesion.
We demonstrated no change in these cell proper-
ties, and hence no change in metastatic potential
after ECT with BLM. Furthermore, a low number
of tumourigenesis related genes were differentially
expressed and there was no gene enrichment in
metastasis promoting genes. Together with our
previous findings on ECT with cisplatin, we can
confirm that ECT is a safe local treatment modal-
ity of superficial tumours that does not alter tum-
origenic and metastatic properties of tumour cells
that survived ECT with BLM.
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Background. Homologous recombination (HR) repair is an important mechanism involved in repairing double-strand
breaks in DNA and for maintaining genomic stability. Polymorphisms in genes coding for enzymes involved in this
pathway may influence the capacity for DNA repair. The aim of this study was to select tag single nucleotide poly-
morphisms (SNPs) in specific genes involved in HR repair, to determine their allele frequencies in a healthy Slovenian
population and their influence on DNA damage detected with comet assay.

Materials and methods. In total 373 individuals were genotyped for nine tag SNPs in three genes: XRCC3 722C>T,
XRCC3 -316A>G, RADS1 -98G>C, RADS1 -61G>T, RADS1 1522T>G, NBS1 553G>C, NBS1 1197A>G, NBST 37117C>T and
NBS1 3474A>C using competitive allele-specific amplification (KASPar assay). Comet assay was performed in a sub-
group of 26 individuals to determine the influence of selected SNPs on DNA damage.

Results. We observed that age significantly affected genotype frequencies distribution of XRCC3 -316A>G
(P = 0.039) in healthy male blood donors. XRCC3 722C>T (P = 0.005), RADS1 -61G>T (P = 0.023) and NBS1 553G>C
(P =0.008) had a statistically significant influence on DNA damage.

Conclusions. XRCC3 722C>T, RAD51 -61G>T and NBS1 553G>C polymorphisms significantly affect the repair of dam-

aged DNA and may be of clinical importance as they are common in Slovenian population.

Key words: DNA repair; homologous recombination; genetic polymorphism; comet assay

Introduction

Maintaining genetic stability is very important for
survival of an individual and it requires mecha-
nisms for repairing DNA damage that may result
from exposure to heat, radiation, carcinogens and
cytotoxic compounds from the environment or
various endogenous metabolites.!

Most changes in DNA are transient because
they are immediately repaired by DNA repair
processes. Different types of DNA damage are
recognised by different enzymes and repaired by
different pathways: direct repair, excision repair
and double-strand break repair. Double-strand

Radiol Oncol 2012; 46(1): 46-53.

breaks (DSBs) are a major threat to genomic sta-
bility, because if they are not repaired, they can
lead to chromosome loss, chromosomal rearrange-
ments, apoptosis or carcinogenesis.? DSBs can be
caused by mechanical stress, transposition and
meiosis, but they also occur during DNA replica-
tion. Two pathways of DNA repair can be used for
DSB repair: non-homologous end joining (NHE])
and homologous recombination (HR). In NHE],
long homologous templates are not required, be-
cause the ends of the break are directly ligated.
Consequently, this type of repair often leads to
loss of base pairs.3 Unlike NHE], HR completely
repairs DSBs, results in a molecule of the same

doi:10.2478/v10019-012-0001-7
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length as the original and preserves the integrity
of DNA.

HR is initiated by a DSB in one of the duplexes
and the intact homologous chromosome is used as
a template to repair the break by DNA synthesis as
explained in Figure 1.

HR repair is a complex process, involving many
different enzymes, including NBS1, RAD51 and
XRCC3. NBS1 plays an important role in initial
steps in both types of DSB repair as a part of MRN
complex.* Mutations of NBS1 gene lead to Nijmegen
breakage syndrome, presenting with immunodefi-
ciency, increased cancer risk and radiation sensitiv-
ity.> Polymorphisms in NBS1 gene are also associat-
ed with altered cancer risk, especially in breast, lung
and skin cancer.® Several NBS1 polymorphisms
are relatively common, with minor allele fre-
quency more than 5%, for example NBS1 553G>C
(rs1805794), a non-synonymous polymorphism that
changes the amino acid residue at position 185 from
glutamic acid (Glu) to glutamine (Gln) (Glu185GIn),
and NBSI 1197A>G (rs709816), a polymorphism
that changes the nucleotide, but not the amino acid
residue in the central region of the protein.

RAD51 catalyzes the key steps of HR repair. It
possesses DNA binding and ATPase activities and
interacts with several different proteins: RAD51
family, BRCA1l, BRCA2 and RADS54. Several
polymorphisms have been described in RAD51
gene, although they are not common in the cod-
ing region. The polymorphisms in the 5" untrans-
lated region (UTR) have an important influence on
gene transcription and protein expression. Among
them, RAD51 -98G>C (rs1801320) and RAD51
-61G>T (rs1801321) were reported to increase pro-
moter activity.® Polymorphisms in the 3" UTR, such
as RAD51 1522T>G (rs12593359), may play an im-
portant role in regulation of gene expression by
controlling polyadenylation, translation rate and
mRNA degradation.’

XRCC3 is a member of RAD51 family and one
of XRCC genes that help protect the cell from the
effects of ionizing radiation.!® The XRCC3 gene
region contains mostly intronic polymorphisms,
however a few polymorphisms that change amino
acid residues were described in the coding region,
but their impact is largely unknown.!! Most stud-
ies have investigated the XRCC3 722C>T (rs861539)
polymorphism that leads to the substitution of
threonine (Thr) with methionine (Met) at position
241 (Thr241Met) and XRCC3 -316A>G (rs1799794)
polymorphism in 5" UTR.

Single nucleotide polymorphisms (SNPs) are
the most common form of DNA variation. SNPs
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FIGURE 1. Homologous recombination repair. Double-strand breaks (A) are recog-
nized by MRET1/RADS50/NBST (MRN) complex (B). The break is processed to single
stranded 3’ ends, initially bound by RPA (C). With help from mediator proteins such
as XRCC3, RADS1 forms a nucleoprotein filament with DNA (D). The central reaction
of HR is homology search and DNA strand invasion (E), where the 3' end of one
strand invades the homologous chromatid and is elongated using the complemen-
tary strand of the homologous chromatid as a femplate. This results in formation of
a Holliday junction with two crossovers (F). Holliday junction can be resolved in two
different ways, leading to either crossover or non-crossover products, but in both
cases the result of HR repair is two intact double-stranded DNA molecules (G).

in genes coding for enzymes involved in DNA
repair can modify the activity or expression of
these enzymes and change the DNA repair capac-
ity, which can, in turn, result in increased risk for
various diseases, especially cancer. They can also
influence cancer treatment response and efficacy.!?
As they may vary considerably among different
populations, it is important to identify the frequen-
cies of these SNPs in the population. Furthermore,
SNPs can be used as pharmacogenetic markers
when their functional significance and the associa-
tion with a given phenotype are proven.'® Instead
of functional SNPs, the tagged SNP approach can
be used to cover the variability within the gene

Radiol Oncol 2012; 46(1): 46-53.
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region. Based on haplotype information available
from the International HapMap Project database
(http://www.hapmap.org) we can select only one
tag SNP from an area with high linkage disequilib-
rium without loss of information.

The aim of this study was to select tag SNPs in
XRCC3, RAD51 and NBSI genes and determine
their frequencies in a healthy Slovenian popula-
tion. We also wished to assess their influence on
DNA damage detected with comet assay and eval-
uate the impact of age on genotype frequencies.

Materials and methods
Participants

The study population consisted of 373 healthy
Slovenian blood donors. A randomly selected sub-
group of 26 individuals was invited to participate
in comet assay. All subjects in the subgroup were
asked to refrain from physical activity for at least
two days before venepuncture. We also obtained
data on smoking and folate intake from this sub-
group, using a questionnaire. Daily folate intake
was calculated using the program Alimentacion
y Salud 2.0. Written informed consent was ob-
tained from all individuals prior to participation.
The study was approved by the Slovenian Ethics
Committee for Research in Medicine and was car-
ried out according to the Helsinki Declaration.

Bioinformatic analysis

We used public databases to determine the tag
SNPs in genes for three enzymes that are part
of homologous recombination repair: XRCC3,
RAD51 and NBS1. We searched for the data on
polymorphisms in these genes in the International
HapMap Project database (http://www.hapmap.
org), checked the location and allele frequencies
of SNPs in the Caucasian population in the SNP
database  (www.ncbi.nlm.bih.gov/projects/SNP)
and selected the tag SNPs using HaploView (ht-
tp://www.broad.mit.edu/haploview/haploview-
downloads#DOWNLOAD).

Next, we determined which SNPs are genetical-
ly linked and therefore form haplotype blocks. We
set the 12 value to 0.8, meaning there was an 80%
chance for SNPs in the haplotype block to be genet-
ically linked. From each haplotype block we chose
at least one tag SNP, preferentially a SNP that had
been previously investigated and had an impact on
protein expression or stability, or changed amino
acids. We selected only SNPs with minor allele
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frequency higher than 0.050 (more than 5% of the
population).

Genotyping

Genomic DNA was isolated from peripheral ve-
nous blood leukocytes using a Qiagen FlexiGene
kit according to the manufacturer’s recommenda-
tions (Qiagen, Hilden, Germany). DNA concentra-
tion was determined by absorbance measurements.

Competitive  allele-specific =~ amplification
(KASPar assay, KBioscience, Hoddesdon, Herts,
UK) was used for genotyping selected polymor-
phisms. This assay uses a pair of allele-specific
primers and a pair of probes. Allele-specific primer
binds to target DN A sequence at the 3" end, but has
a 5’ tail sequence that is not complementary to the
target sequence. A different probe binds to the tail
sequence of each allele-specific primer. Each probe
consists of a region, complementary to the respec-
tive tail sequence, and a stem loop structure with
a different fluorophore and a quencher. During
PCR, the allele - specific primer is elongated and
the tail sequence becomes incorporated in the PCR
product. One of the probes hybridizes with the
respective tail sequence and is also coupled to the
PCR product. During the next PCR cycle, the stem
loop is linearized and the termination of quenching
effect results in a fluorescence signal. The wave-
length of the signal is probe specific and depends
on which allelic variant is present in the sample.!*

We performed the amplifications in GeneAmp
PCR System 9700 AB (Applied Biosystems, Foster
City, California, USA) as recommended by the
manufacturer (KBioscience). We measured the flu-
orescence on a 7500 Real Time PCR System AB and
analysed the data with 7500 System SDS Software
(both Applied Biosystems).

Comet assay

Comet assay (also called single-cell gel electro-
phoresis), a simple and sensitive method for de-
tecting single and double-strand breaks,’® was
used to assess DNA damage in lymphocytes from
26 healthy individuals as previously described.!
Comet assay was performed blind to the genotyp-
ing data. In brief, lymphocytes embedded in low
melting point agarose were lysed and subjected
to unwinding and electrophoresis under alkaline
conditions.”” After staining with a DNA-binding
dye, DNA damage was visualised by fluorescence
microscopy and quantified using Comet 5 software
(Kinetic Imaging Ltd, 2000, UK). The level of DNA
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TABLE 1. Genotype frequencies of selected tag SNPs in healthy individuals (N = 373)

Polymorphism

SNP rs number

Genotype frequencies N (%)

XRCC3 722C>T cc cT i
861539
(Thr241Met) & 153 (41.0) 158 (42.4) 62 (16.6)
AA AG GG
XRCC3 -316A>G 151799794
247 (66.2) 107 (28.7) 19 (5.1)
GG GC cc
RADS51 -98G>C rs1801320
304 (81.5) 61 (16.4) 8 (2.1)
GG GT T
RADS1 -61G>T 151801321
133 (35.7) 176 (47.2) 64 (17.2)
1T G GG
RADS51 1522T>G rs12593359
103 (27.6) 176 (47.2) 94 (25.2)
NBST 553G>C GG GC cc
151805794
(Glu185GlIn) 33 (8.8) 180 (48.3) 160 (42.9)
NBS1 1197A>G AA AG GG
709816
(Asp399Asp) & 139 (37.3) 188 (50.4) 46 (12.3)
cc cT T
NBST 37117C>T rs1805811
347 (93.0) 25 (6.7) 1(0.3)
AA AC cc
NBST 3474A>C rs1063054
163(43.7) 170 (45.6) 40 (10.7)

SNP, single nucleotide polymorphism

TABLE 2. The distribution of genotype frequencies for NBS1 553G>C polymorphism in different Caucasian populations

Genotype frequencies (%)

Population N GG GC cc P Reference
Slovenia 373 8.8 48.3 42.9 - present study
HapMap-CEU 120 8.3 40.0 51.7 0.233 dbSNP

United Kingdom 734 10.5 43.3 46.2 0.272 Kuschel et al.’?
Poland 275 40.4 48.7 10.9 <0.001 Mosor et al.2
Hungary, Romania, Slovakia 533 46.9 41.5 11.6 <0.001 Thirumaran et al.?!
Czech Republic 530 45.1 41.5 13.4 < 0.001 Pardini et al.%

HapMap-CEU, population with European ancestry, included in HapMap project

damage was evaluated by two parameters: the per-
centage of DNA in the tail (% TD) and the Olive
Tail Moment (OTM). OTM is the product of the %
TD and tail length.

Statistical analysis

The median was used to present central tendency of
normally distributed parameters, while the range
(minimum-maximum) was a measure of variabil-
ity. To describe non-normally distributed parame-
ters mean values and standard deviation (SD) were
used. A chi-square statistic was used to verify that
allele frequencies were in Hardy-Weinberg equilib-
rium (HWE). In all statistical analysis the dominant
genetic model was used, which specifically tests the

associations of having at least one minor allele ver-
sus having two wild type alleles. We tested the nor-
mality of variables’ distribution with the Shapiro-
Wilk test. We used nonparametric correlations to
compare genotype frequency distributions between
the age groups. As % TD and OTM were not nor-
mally distributed, we used nonparametric Mann-
Whitney U-test to determine the influence of poly-
morphisms on DNA damage. Multivariable linear
regression was used to determine the influence of
studied genetic polymorphisms on OTM using
normally distributed logarithmic values of OTM.
All non-genetic variables that had an influence on
DNA damage were included in the multivariable
model. The level of significance for all tests was set
to P <0.050. All statistical analyses were performed

Radiol Oncol 2012; 46(1): 46-53.
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FIGURE 2. XRCC3 -316A>G polymorphism and age. Proportion of men with polymor-
phic XRCC3 -316G allele decreases with increasing age, especially above the age
of 50 years (A). Cancer incidence in Slovenia for men in 2007. Cancer incidence
significantly increased above the age of 50 years (B).

using SPSS for Windows 14.0.1 software (Statistical
Package for the Social Sciences, Chicago, IL).

Results and discussion

The study group consisted of 373 healthy Slovenian
subjects, 219 (58.9%) male and 153 (41.1%) female
with a median age of 30 (range 18-65) years.

In our study we first selected the tag SNPs in
three genes that have an important role in HR re-
pair. Most of the genetic variability within the re-
spective gene regions was covered with two tag
SNPs for XRCC3, three SNPs for RAD51 and four
SNPs for NBS1. The distribution of genotype fre-
quencies for selected tag SNPs is summarized in
Table 1. All genotype distributions were consistent
with HWE (P > 0.050).

The observed genotype frequencies in the
Slovenian population were mostly in agreement
with values published for other Caucasian popula-
tions in the SNP database (dbSNP) and other stud-
ies.81821 The distribution of genotype frequencies
among populations differed significantly only for
NBS1 553G>C polymorphism, as shown in Table 2.

Radiol Oncol 2012; 46(1): 46-53.

Polymorphic NBS1 553C allele was the common
allele both in our study and in dbSNP, while the
normal NBS1 553G allele was reported to be more
common in Eastern European populations.?-22

To determine whether age affected genotype
distribution for selected tag SNPs, we divided the
subjects into ten five-year age groups (18-22 years,
23-27 years, 28-32 years, 33-37 years, 38-42 years,
43-47 years, 48-52 years, 53-57 years, 58-62 years
and 63-65 years). Because the age groups had a
considerably different sex distributions (P < 0.001)
and XRCC3 722C>T genotype frequencies were dif-
ferently distributed between males and females (P
=0.007), we determined the impact of age on geno-
type frequency distribution only in men.

The nonparametric correlations were used to de-
termine if the genotype frequencies differ among
the age groups. A statistically significant difference
was observed only for the frequency distribution
of XRCC3 -316A>G polymorphism (Kendall’s tau
=-0.121, P = 0.039). With increasing age, the per-
centage of individuals carrying the polymorphic
allele decreased, most notably above the age of
50 years (Figure 2A). As this age coincides with a
rapid increase in cancer incidence in the Slovenian
population (Figure 2B),? the loss of the polymor-
phic XRCC3 -316G allele from the healthy popula-
tion with increasing age may indicate that this or
another closely linked SNP influences DNA repair
capacity and plays a role in cancer risk. Previous
studies did not find a direct association between
this polymorphism and cancer risk', however a re-
cent study showed an association of polymorphic
XRCC3 -316GG genotype with worse prognosis
and survival in gastric and oesophageal cancer.?

We also investigated the influence of selected
SNPs in genes coding for HR repair enzymes on
level of DNA damage. DNA damage was deter-
mined by the comet assay in a subgroup of 26 indi-
viduals. This subgroup consisted of 20 female and
6 male individuals with median age of 24 (range
20 - 29) years. The values for folate intake varied
between 41.5 and 645.1 ug folate per day (mean
value 327.46 + 167.90 ug per day). Three individu-
als in the subgroup were smokers. DNA damage
was quantified as % TD and OTM. The mean % TD
(#SD) was 7.40 (+ 2.36) and mean OTM (+SD) was
0.99 (+ 0.56). Even though the % TD is linearly re-
lated to DNA damage, we chose OTM as a better
marker of DNA damage, because we only investi-
gated healthy individuals and we expected a low
degree of DNA damage. In such a case the most
informative parameter is tail length, which is used
to calculate OTM.%



Goricar K et al. / HR repair polymorphisms and DNA damage

TABLE 3. The influence of selected polymorphisms on DNA damage detected with comet assay in a subgroup of 26 individuals

Polymorphism Genotype N (%) OTM (mean * SD) P
CC 13 (50.0) 1.192 £0.706

XRCC3 722C>T 0.004
CT+TT 13 (50.0) 0.795 £ 0.280
AA 22 (84.6) 1.002 £ 0.607

XRCC3 -316A>G 0.663
AG+GG 4 (15.4) 0.948 +0.253
GG 22 (84.6) 1.019 £ 0.606

RADS51 -98G>C 0.856
GC+CC 4 (15.4) 0.853 £ 0.220
GG 7 (26.9) 1.419 £0.946

RADST -61G>T 0.034
GT+TT 19 (73.1) 0.837 £0.221
T 8 (30.8) 0.779 £0.179

RADS51 1522T>G 0.173
1G+GG 18 (69.2) 1.089 £ 0.650
GG 4 (15.4) 1.355 £0.224

NBS1 553G>C 0.002
GC+CC 22 (84.6) 0.9277 £ 0.585
AA 6 (23.1) 0.778 £0.127 0.290

NBST 1197A>G
AG+GG 20 (76.9) 1.058 £0.629
CC 23 (88.5) 1.018 £ 0.594

NBS1 37117C>T 0.600
CT+TT 3(11.5) 0.8033 £0.170
AA 10 (38.5) 0.783 £0.148

NBS1 3474A>C 0.132
AC+CC 16 (61.5) 1.125 +0.685

SD, standard deviation

Because some studies reported that smoking in-
fluenced the level of DNA damage,*** while others
observed no influence,?® we checked for the influ-
ence of smoking in our subgroup. Similar to the
results of the latter study, we did not observe any
association between smoking and OTM (P = 0.507),
so we did not exclude the smokers from further
analysis.

We analysed the influence of polymorphisms on
DNA damage using nonparametric tests and the
results are summarized in Table 3. The variability
of the average OTM between genotypes was rather
low in general. Although none of the investigated
polymorphisms had a statistically significant ef-
fect on % TD (P>0.050 for all associations), XRCC3
722C>T (P =0.004), RAD51 -61G>T (P = 0.034) and
NBS1 553G>C (P =0.002) had a statistically signifi-
cant influence on OTM in univariable analysis.

We also determined the influence of non-genetic
factors on DNA damage in univariable regression
analysis. Sex and age did not significantly influ-
ence OTM (P = 0.969 and P = 0.069, respectively),
but folate intake had a statistically significant in-
fluence on OTM (P = 0.048). Only polymorphisms
XRCC3 722C>T, RAD51 -61G>T and NBS1 553G>C
that had a statistically significant influence on
DNA damage were included in multivariable re-
gression model adjusted for age and folate intake.
Because the variables must be normally distributed
for this analysis, we used the normally distributed
logarithmic values of OTM (P > 0.050 in Shapiro-

TABLE 4. The influence of genetic and non-genetic factors on
DNA damage

Variable P*

Constant 0.126
Age 0.258
Folate intake 0.103
XRCC3 722C>T 0.040
RADST -61G>T 0.122
NBS1 553G>C 0.129

*in multiple regression model for logarithmically tfransformed OTM values

Wilk analysis). Even though all P values were not
statistically significant (P > 0.050), all variables in-
cluded in the regression model contributed to R?
value (R? = 0.565). As shown in Table 4, only the
influence of the XRCC3 722C>T polymorphism on
DNA damage remained significant in this model.

Because XRCC3 722C>T, NBS1 553G>C and
RAD51 -61G>T have a functional effect, it is not sur-
prising that they influence DNA damage. Several
studies have investigated the impact of these poly-
morphisms on cancer risk, but the results are in-
consistent.

The NBS1 553G>C polymorphism changes the
amino acid in the BRCA1 C-terminal domain, im-
portant for interaction with histones and relocali-
sation of the MRN complex closer to DNA dam-
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age.?” It could therefore affect interaction with
other proteins that are part of HR repair. In comet
assay, individuals with NBS1 553GG genotype had
a higher OTM value than individuals with 553GC
or 553CC genotypes. A previous study reported
that this polymorphism modulates the frequen-
cies of chromatid-type aberrations® and some
other studies investigated the impact of this poly-
morphism on cancer risk. One study reported that
polymorphic allele increased the risk for basal cell
carcinoma in males?!, but no association was found
between this polymorphism and breast cancer" or
acute lymphoblastic leukaemia risk.?

XRCC3 722C>T polymorphism leads to amino
acid substitution, which could affect the protein
structure or function. In the present study, indi-
viduals with XRCC3 722CC genotype had higher
OTM value than carriers of 722T allele. Previous
studies that investigated the influence of XRCC3
722C>T polymorphism on chromosomal aberra-
tions and single-stranded breaks did not report
any influence of this polymorphism on DNA dam-
age.® Several studies investigated the effect of
this polymorphism on cancer risk, but the results
were also inconclusive.!81921:323 Most studies link
this polymorphism with breast cancer risk, where
homozygotes for the polymorphic allele have an
increased risk compared to homozygotes for the
normal allele.”” The polymorphic allele was also
associated with increased risk of lung cancer.’? In
contrast with these studies, no influence on the
risk of stomach cancer was found!® and the poly-
morphic allele was even associated with a reduced
risk of basal cell carcinoma.? A meta-analysis that
compared the findings of different studies con-
cluded that polymorphisms in XRCC3 gene defi-
nitely modify the risk, especially for some types
of cancer, but do not represent the most important
risk factor.®

RAD51 -61G>T modifies promoter activity and
the polymorphic allele facilitates binding of a tran-
scription factor, thus increasing the transcription
of the gene.® In our study, individuals with RAD51
-61GG genotype had a higher OTM value than in-
dividuals with -61GT or -61TT genotypes. It was
also established that cells with RAD51 -61TT geno-
type had fewer gamma radiation-induced chroma-
tid breaks®, which is consistent with the proposed
protective effect of this genotype. These results
suggest that the polymorphic allele is associated
with a smaller amount of DNA damage. Some
studies also investigated the influence on cancer
risk and a decreased risk was observed for squa-
mous cell carcinoma of the head and neck among
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homozygotes for the polymorphic allele® and for
breast cancer among the carriers of the polymor-
phic RAD51 -61T allele.”

We report the results of the first study investi-
gating polymorphisms in genes for HR repair en-
zymes in a Slovenian population and their influ-
ence on DNA damage. Our study included subjects
from an ethnically homogenous population, which
is important because the association between
genotype frequencies and risk of cancer can dif-
fer among populations.® Because the participants
in our study were blood donors, we could not in-
clude people older than 65 years. This could be a
limitation when assessing the influence of age on
genotype frequencies, but we were able to show
that age significantly affects genotype frequencies
already above the age of 50 years, which coincides
with a significant increase of cancer incidence. The
main limitation of our study though was the small
number of individuals included in the subgroup
for analysis of DNA damage with comet assay.
Despite this limitation, we managed to show that
three selected tag SNPs had a statistically signifi-
cant influence on DNA damage. Because they are
very common in Slovenian population, they are of
major interest for further pharmacogenetic studies,
investigating the association between DNA repair
polymorphisms and cancer risk or cancer treat-
ment response as a part of generic testing which
became extremely important in oncology.®
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Background. Small cell lung cancer (SCLC) represents approximately 13 to 18% of all lung cancers. It is the most
aggressive among lung cancers, mostly presented at an advanced stage, with median survival rates of 10 to12
months in patients freated with standard chemotherapy and radiotherapy. In approximately 15-20% of patients brain
metastases are present already at the fime of primary diagnosis; however, it is unclear how much it influences the
outcome of disease according the other metastatic localisation. The objective of this analysis was fo evaluate the
median survival of SCLC patients freated by specific therapy (chemotherapy and/or radiotherapy) with regard to the
presence or absence of brain metastases at the time of diagnosis.

Patients and methods. All SCLC patients have been treated in a routine clinical practice and followed up at the
University Clinic Golnik in Slovenia. In the refrospective study the medical files from 2002 to 2007 were review. All pa-
fients with cytological or histological confirmed disease and eligible for specific oncological freatment were included
in the study. They have been tfreated according to the guidelines valid at the time. Chemotherapy and regular
followed-up were carried out at the University Clinic Golnik and radiotherapy at the Institute of Oncology Ljubljana.
Results. We found 251 patients eligible for the study. The median age of them was 65 years, majority were male
(67%), smokers or ex-smokers (98%), with performance stafus 0 fo 1 (83%). At the time of diagnosis no metastases were
found in 64 patients (25.5%) and metastases outside the brain were presented in 153 (61.0%). Brain metastases, con-
firmed by a CT scan, were present in 34 patients (13.5%), most of them had also metastases at other localisations. All
patients received chemotherapy and all patients with confirmed brain metastases received whole brain irradiation
(WBRT). The radiotherapy with radical dose at primary tumour was delivered to 27 patients with limited disease and
they got 4-6 cycles of chemotherapy. Median overall survival (OS) of 34 patients with brain metastases was 9 months
(95% CI 6-12) while OS of 153 patientfs with metastases in other locations was 11 months (95% CI 10-12); the difference
did not reach the level of significance (p = 0.62). As expected, the OS of patients without metastases at the time of
primary diagnosis turned out to be significantly better compared to the survival of patients with either brain or other
location metastases at the primary diagnosis (15 months vs 9 and 11 months, respectively, p < 0.001).

Conclusions. In our investigated population, the prognosis of patients with extensive SCLS with brain metastases at
the primary diagnosis freated with chemotherapy and WBRT was noft significantly worse compared fo the prognosis
of patients with extensive SCLC and metastases outfside the brain. In extensive SCLC brain metastases were not a
negative prognostic factor per se if the patients were able to be treated appropriately. However, the survival rates of
extensive SCLC with or without brain metastases remained poor and novel freatment approaches are needed. The
maijor strength of this study is that it has been done on a population of patients treated in a routine clinical setting.

Key words: small-cell lung cancer; brain metastases; prophylactic cranial iradiation
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Introduction

Small cell lung cancer (SCLC) is a life-threatening
disease, typically caused by cigarette smoking. It is
almost exclusively seen in current or former smok-
ers. SCLC represents approximately 13-18% of all
lung cancers with a varying incidence in different
countries.! The incidence of SCLC is in decrease
and the ratio of incidence between SCLC/NSCLC
is decreasing as well. Without treatment, this can-
cer has the most aggressive clinical course of all
lung cancer types, with survival rates between 2 to
4 months.

A recommendation to use TNM International
Union Against Cancer (UICC) staging system for
all SCLC cases was regularly accepted.>* However,
a simple two-stage system developed by the
Veteran’s Administration Lung Cancer Study
Group as limited (stage) disease (LD) or extensive
(stage) disease (ED) was more frequently used in
clinical practice.® Patients with limited disease
have the involvement restricted to one hemithorax
that can be encompassed within a tolerable radia-
tion field. Extensive disease is defined as disease
beyond one hemithorax and may include malig-
nant pleural or pericardial effusion or haematog-
enous metastases.

At the time of diagnosis approximately 70% of
patients have ED. Patients with extensive-stage
SCLC are considered incurable, and have median
survival time of approximately 9-10 months from
diagnosis with the current standard treatment.’
Patients with limited SCLC have a median survival
of approximately 18 months and can be cured. By
using multimodality therapy, including concur-
rent chemotherapy and radiotherapy, long-term
disease-free survival rates can be achieved in ap-
proximately 20-25% of patients.® Although SCLC is
regarded as highly sensitive to both chemotherapy
and radiotherapy, fast development of resistance is
a major problem. Only a modest improvement in
survival has been achieved during the last 20 years,
and prognosis remains poor with 5-year survival
rates of around 10% and 2% in LD and ED, respec-
tively.”

At the time of the initial diagnosis, approx. 20%
of the patients with SCLC have detectable brain
metastases, and the incidence of such metastases
increases considerably during the course of dis-
ease, approaching 80% at 2 years. The standard
treatment of clinically evident brain metastases is
whole brain radiotherapy (WBRT), usually in com-
bination with corticosteroids and the solitary me-
tastasis might be additional irradiated with stere-

otactic radiotherapy or Gamma Knife.®1° The re-
sponse rate to brain irradiation is around 50%, but
survival rates are relatively short. In a majority of
observations published until now brain metastases
were found to be an independent prognostic factor
for short survival. However, few individual trials
have not found brain metastases to affect survival
adversely.!"1213 In one of these trials the survival
rates of the patients with extensive disease with or
without brain metastases at the time of diagnosis
was done. In this particular study extensive-stage
patients with brain metastases and additional sites
of metastatic disease had shorter survival com-
pared to those with brain metastases alone (5 vs. 11
months).!! There are few studies showing compa-
rable survival rates in patients with only brain me-
tastases to the survival rates achieved in patients
with LD.1213

The objective of this retrospective study was
to evaluate the median survival of SCLC patients
with or without brain metastases at the time of di-
agnosis treated in a routine clinical practice before
the introduction of PCI as a standard treatment
procedure.

Patients and methods

Patients with SCLC diagnosed and treated at the
University Clinic Golnik between 2002 to 2007,
with performance status <2 and eligible for stand-
ard treatment of chemotherapy +/- radiotherapy
were included in retrospective study. Baseline
evaluations included medical history and a radio-
logical examination. In all patients chest X-ray, CT
scans of the chest, abdomen and brain were per-
formed.? Additional exams, like bone scintigraphy,
were performed only if symptoms were present.
Pathological confirmation of SCLC was mandato-
ry.!* Patients were treated according to the guide-
lines valid at that time. All patients with radiologi-
cally confirmed brain metastases, with or without
neurological symptoms, received whole brain ir-
radiation (WBRT). The radiotherapy was applied
at the Institute of Oncology Ljubljana, Slovenia,
and patients were followed-up regularly at the
University Clinic Golnik.

Statistical analysis and ethical
consideration

The endpoint in this study was overall survival
(OS) which was calculated from the date of diagno-
sis to the date of death from any cause, or the date

Radiol Oncol 2012; 46(1): 54-59.
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TABLE 1. Patients’ characteristics (n = 251)

No of pa-

tients %

GENDER

Male 170 68.0

Female 81 32.0
AGE

<70 163 65.0

270 88 35.0
SMOKING STATUS

Current smoker 142 57.0

Never smoker 2 0.8

Ex-smoker 97 38.2

Unknown 10 4.0
STAGE

LD

ED 64 25.5

- With brain

metastases 34 13.5
- Without brain
metastases 153 610

PERFORMANCE STATUS

PS-0 43 17.0

PS-1 166 66.0

PS-2 42 17.0

of the last follow-up. OS as a function of the loca-
tion of metastases was estimated by the Kaplan-
Meier method, and the log-rank test was used to
test the differences. Computations were done with
the SPSS 16 statistical package. All reported p-val-
ues are two-tailed.

The study was carried out according to the
Declaration of Helsinki.

Results
Patients

In the study, 251 patients were included. Patients’
characteristics are presented in Table 1. Median age

1.0
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@ ED with brain mets
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FIGURE 1. Survival of patients with limited stage disease (LD),
extensive stage disease (ED) and according the brain metas-
tases.

was 65 years, majority of them were male (67%),
smokers or ex-smokers (98%), with performance
status from 0 to 1 (83%). At the time of diagnosis,
no metastases were found in 64/251 (25.5%) pa-
tients, metastases outside the brain were present
in 153/251 (61.0%) patients, while brain metastases,
confirmed by a CT scan, were present in 34/251
(13.5%) patients. In 8 out of 34 patients, brain me-
tastases were the only site of an extensive disease.
Brain metastases at diagnosis had 34 patients. All
of them received whole brain irradiation (WBRT).
They were irradiated with ®°Co source or at linear
accelerator with x-rays and high energy of 5 or 6
MeV. The most frequent tumour doses were 30 Gy
in 10 fractions, 30 Gy in 12 fractions or 20 Gy in 5
fractions (Table 2). Other regimes of radiotherapy
were less frequent. Seventeen out of 64 patients

TABLE 2. Whole brain irradiation (WBRT) of 34 patients with brain metastases at diagnosis

Tumour dose Modality Frequency %o

“Co 8 23.5
30 Gy in 10 fractions

Linear accelerator 1 2.9

9Co 2 5.9
30 Gy in 12 fractions

Linear accelerator 4 11.8

%Co ) 17.6
20 Gy in 5 fractions

Linear accelerator 1 2.9
Other 9Co 6 17.6
regime Linear accelerator 6 17.6
TOTAL 34 100.0

Radiol Oncol 2012; 46(1): 54-59.
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with LD underwent prophylactic brain irradiation
at that time. They represented only 6.8% of whole
251 patients.

Twenty-six (10.4%) patients with LD were also
treated with thoracic irradiation. A radical tumour
dose was applied and 4-6 cycles of chemotherapy.

All patients received chemotherapy, 177/251
(70.5%) with etoposide and platinum (EP), 39/251
(15.5%) with cyclophosphamide, doxorubicin,
vincristine (CEV) and 35/251 (13.9) with CEV-EP
(Table 3).

Survival

No statistical significantly difference in OS be-
tween ED patients with and without brain me-
tastases at the time of diagnosis was observed
(p=0.62). Median OS of 34 patients with brain me-
tastases was 9 months (95% CI, 6 to 12) while me-
dian OS of 153 patients with metastases in other
locations at primary diagnosis was 11 months (95%
CL 10 to 12). As expected, the OS of patients with
limited disease was significantly better compared
to the survival of patients with either brain or other
location metastases at the primary diagnosis (15
months vs 9 and 11 months, respectively, p <0.001)
(Figure 1).

The number of patients with brain metastases as
the only site of metastases, was too small (n = 8) to
allow a separate analysis.

Discussion

The prognosis of patients with SCLC and brain
metastases at diagnosis is poor. Nevertheless, our
observations made in a substantially large popula-
tion of 251 SCLC patients, who were suitable for
standard specific therapy, i.e. chemotherapy and
WBRT if necessary, did not confirm worse survival
of ED patients with brain metastases compared to
those without brain metastases at the time of diag-
nosis. In our study, LD patients had significantly
better median survival than ED patients (15 vs. 11
months). However, there was no significant dif-
ference between the median survival of extensive
stage patients with brain metastases at initial pres-
entation and median survival of extensive stage pa-
tients without brain metastases (9 vs. 11 months).
Similar median survival (11 months) for exten-
sive stage patients without brain metastases at the
time of diagnosis was reported by Crane et al.’®
however in this trial, with 153 patients included,
survival of extensive stage patients with brain me-

TABLE 3. Chemotherapeutic schemes of 251 patients

Frequency %
EP 177 70.5
CEV 39 15.5
EP + CEV 35 13.9
TOTAL 251 100.0

EP = efoposide and platinum;
CEV = cyclophosphamide, doxorubicin, vincristine

tastases at the time of diagnosis was only 6 months,
significantly worse compared to the survival of ex-
tensive stage patients without brain metastases at
the time of diagnosis. The difference between our
observation and that by Crane ef al. might be due to
the relatively small number of patients with brain
metastases in both trials as well as due to possible
differences in other patients’ characteristics. It is
well known that the extent of the disease, charac-
terized by performance status, LDH levels and the
number of metastatic sites, determines the progno-
sis of ED even more than the site of metastases.!*1
The percentage of patients with brain metastases
in our collective of patients was rather low (13.5%)
which might be the consequence of our selection
criteria, i.e. performance status equal or less than
2. Performance status was found to be correlated
with the extent of disease as well as CNS involve-
ment.!71

As it was clearly shown by a large pooled anal-
ysis done by Hazel et al.'? and confirmed later by
Giannone et al.'! through a large retrospective ob-
servation with more than four hundred patients
included, brain metastases alone without the ad-
ditional burden of extensive disease outside the
brain actually do not mean a bad prognosis at all.
In these two trials the survival rates of patients
with a small burden of disease, i.e. brain metastas-
es alone, were actually comparable to the survival
rates of patients with limited disease. The similar
conclusion was done by Kochhar ef al. although
they retrospectively reviewed only 30 patients.?
Unfortunately, our group of patients with brain
metastases as the only site of metastases, was too
small to allow a separate analysis.

Yet another reason for comparable survival rates
of our ED patients with or without brain metastas-
es might be that our entire patient received chemo-
therapy in addition to WBRT. The selection of our
patients was actually made according to their suit-
ability for specific therapy and PS < 2.

Prophylactic cranial irradiation (PCI) has been
explored since the 1970s as a therapeutic option

Radiol Oncol 2012; 46(1): 54-59.
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that could lower the rates of brain relapse and pos-
sibly increase patients’ survival because it is well
known that the central nervous system is relatively
refractory to chemotherapy due to the blood-brain
barrier. PCI was found to improve survival rates
significantly not only in limited stage but also in ex-
tensive stage SCLC responding to chemotherapy,
and is now recommended as a part of the standard
treatment patients with LD and ED SCLC.1*?-? The
first meta-analysis by Auperin ef al. in 1999 report-
ed the 5.4% increase in the rate of survival at three
years for patients achieving complete response
on primary chemoradiation therapy.? It was fol-
lowed by a large EORTC (European Organisation
for Research and Treatment of Cancer) trial that
confirmed significant benefit of PCI in all patients
achieving response (complete or partial) to first-
line systemic therapy.” Based on these observa-
tions PCl represents a standard treatment approach
nowadays, which ultimately results in a lower rate
of brain metastases diagnosed during the course of
the disease.!” However, the percentage of patients
presenting with brain metastases at the time of di-
agnosis remains stable, i.e. between 14-20%. Our
group of patients with PCI, was (similar as group
with brain metastases alone) too small to allow a
separate analysis.

The question remains on optimal treatment of
brain metastases in SCLC. For extensive central
nerve system involvement the treatment of choice
is WBRT, however the optimal treatment strategy
for a solitary brain metastasis, which is quite rare
in SCLC, has still not been defined. It is known for
some other cancers, such as non-small cell lung
cancer and breast cancer, that surgical or stereotac-
tic irradiation of solitary brain metastasis followed
by WBRT gains better survival rates compared to
WBRT alone.”!? Despite the lack of scientific evi-
dence based on randomized trials such an approach
may be superior in selected SCLC patients as well.
Novel treatment approaches incorporating new ir-
radiation techniques and novel drugs that might
cross blood-brain barrier are urgently needed to
change the faith of this still deadly disease. Several
targeted agents have been introduced into clinical
trials in SCLC, including matrix metalloproteinase
inhibitors, thalidomide, and vaccines, with nega-
tive results being more commonly reported than
positive ones so far. Although initial attempts at
targeted therapy in SCLC have been unsuccess-
ful, several newly identified targets agents, such
as anti-angiogenic strategies and Bcl-2 inhibitors,
hold promise and are being tested in the ongoing
clinical trials.8-30

Radiol Oncol 2012; 46(1): 54-59.

In conclusion, the prognosis of patients with ex-
tensive SCLS with brain metastases at the time of
the diagnosis, suitable for specific chemotherapy
and radiotherapy, does not seem to be significantly
worse compared to the prognosis of patients with
extensive SCLC without brain metastases. In exten-
sive SCLC brain metastases might not represent a
negative prognostic factor per se if they are treated
appropriately. However the survival rates of these
patients was still dismal with median survival rate
of 9 months observed in our study. To further im-
prove the prognosis of SCLC patients, the incorpo-
ration of new treatment strategies, such as stere-
otactic irradiation and invent of novel therapies,
seems to be mandatory.
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Background. The purpose of the study was to evaluate the ability of ultrasound (US) and fine needle aspiration
biopsy (FNAB) in reducing the number of melanoma patients requiring a sentinel node biopsy (SNB); to compare the
amount of metastatic disease in regional lymph nodes in SNB candidates with clinically uninvolved lymph nodes and
of those with US uninvolved lymph nodes; and to compare the overall survival (OS) of both groups.

Methods. Between 2000 and 2007, a SNB was successfully performed in 707 patients with melanoma. The preopera-
tive US of the regional lymph node basins was performed in 405 SNB candidates. In 14 of these patients, the US-guided
FNAB was positive and they proceeded directly to lymph node dissection. In 391 patients, the preoperative US was
either negative (343 patients) or suspicious (48 patients) (US group). In the remaining 316 patients the preoperative US
was not performed (non-US group).

Results. The proportion of macrometastatic sentinel lymph nodes (SN), number of metastatic lymph nodes per pa-
tient and proportion of nonsentinel lymph node metastases were found to be lower in the US group compared to the
non-US group. The smaller tumour burden of the US group was reflected in a significantly better OS of patients with
SN metastases.

Conclusions. The preoperative US of regional lymph nodes spares some patients with melanoma from undergoing
a SNB. Patients with regional metastases and a negative preoperative US have a significantly lower tumour burden in
comparison to those with clinically negative lymph nodes, which is also reflected in a better OS.

Key words: melanoma; ultrasound; tumour burden; overall survival

Introduction Over the past decade, the sentinel lymph node

biopsy (SNB) has become the method of choice for

Lymph node status is the most important prognos-
tic factor in patients with cutaneous melanoma.!?
The presence of regional lymph node metastases
reduces the 10-year survival rate by 20% to 50%,
compared to patients with no lymph node metas-
tases at the time of diagnosis.? For this reason, an
accurate knowledge of the nodal status at the time
of primary melanoma diagnosis is critical, both to
guide treatment and to provide patients with a reli-
able estimate of their prognosis.>*

Radiol Oncol 2012; 46(1): 60-68.

the staging of regional lymph nodes in patients
with melanoma and also other cancers.>” The pro-
cedure provides valuable prognostic information
and facilitates early therapeutic lymphadenec-
tomy in patients with clinically occult regional
metastases, with only a slight increase in costs.®
However, on the other hand, the SNB procedure is
time consuming, logistically demanding, and a sec-
ond operation is required in cases where the SNB
is positive.”1® On the basis of these data, efforts
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were made to assess other less invasive techniques.
Studies have demonstrated that a preoperative
high resolution ultrasound (US) combined with
a fine needle aspiration biopsy (FNAB) reliably
detects lymph node metastases which are larger
than 2-4 mm.>!-1¢ Patients with a positive FNAB
can proceed directly to lymph node dissection in-
stead of undergoing an initial SNB. Therefore US,
combined with FNAB may prevent unnecessary
anaesthesia and surgical management as well as
reduce costs. However, until now, the impact of the
preoperative US examination of clinically negative
regional lymph nodes on the amount of detected
metastatic disease and, therefore, the prognosis has
not yet been assessed. We can only assume that the
tumour burden is significantly lower in patients
with US negative lymph nodes.

The aims of this study were to evaluate the abil-
ity of a US and a US-guided FNAB to reduce the
number of patients requiring a second surgical
procedure and to compare the amount of meta-
static disease in regional lymph nodes in SNB can-
didates with clinically uninvolved lymph nodes
(non-US group) and of those with US uninvolved
lymph nodes (US group). The overall survival (OS)
of both groups of patients was also compared.

Patients and methods
Patients

Between 2000 and 2007, a SNB was successfully per-
formed in 707 patients with cutaneous melanoma at
the Institute of Oncology Ljubljana, Slovenia. All the
patients had clinically negative lymph nodes and
none of the patients included exhibited clinical evi-
dence of systemic disease at the time of surgery. The
preoperative work-up consisted of obtaining a thor-
ough medical history, a clinical examination with
an emphasis on the skin and regional lymph nodes,
and a serum S-100 protein test. Additional imaging
scans (CT, US or MR) were only taken when differ-
ent clinical signs and/or symptoms were present.
The preoperative US of the regional lymph node
basins was carried out in 405 SNB candidates. In 14
of these patients, the US-guided FNAB was posi-
tive and they proceeded directly to lymph node
dissection. In 343 patients, the preoperative US of
the regional lymph node basins was negative. In
an additional 48 patients, the US of the regional
lymph node basins was suspicious for lymph node
metastases. In 24 of those patients, a US-guided
FNAB was performed, but tested negative for ma-
lignancy. In the remaining 24 patients with a suspi-

cious US, a US-guided FNAB was not performed
due to technical difficulties (a small or inaccessible
target). In the additional 316 patients who under-
went SNB, a preoperative US of the regional lymph
node basins was not performed.

The analysis therefore included 343 patients
with a negative preoperative US, 48 patients with a
suspicious preoperative US, and 316 patients with
clinically uninvolved lymph nodes (non-US group).

The data on patients’ gender, age, tumour patho-
morphological characteristics, locoregional control,
disease free survival (DFS) and OS were collected.

All patients were routinely followed-up at the
Institute’s outpatient department every 3-4 months
during the first 2 years, every 6 months between
the third and fifth years, and then annually there-
after. The follow-up consisted of obtaining a thor-
ough medical history, a clinical examination with
an emphasis on the skin and regional lymph nodes,
and a serum S-100 protein test. Additional imaging
scans (CT, US or MR) were only taken when differ-
ent clinical signs and/or symptoms were present.

Recurrences were scored as local, regional, dis-
tant subcutaneous or visceral metastases.

The study was reviewed and approved by the
Institutional Medical Ethics Committee.

Preoperative US procedure

A preoperative US examination of regional lymph
nodes was carried out, as described in detail
elsewhere.!? The US was performed before lym-
phoscintigraphy and all possible nodal basins
were examined according to Sappey’s lymphatic
anatomy, (e.g. both axillas in trunk melanomas
located medially more than 5 cm above the um-
bilicus). Examinations were carried out by an on-
cologically dedicated radiologist using a linear
array transducer, a small parts probe of 12 and 15
MHz (Power Vision 8000, Toshiba Corporation,
Ottawara, Japan). The US features considered as
suspicious or malignant were a rounded appear-
ance of the lymph node (changed from long to
short diameter), the loss of the hilar echogenic re-
flex and a deformed radial nodal vascularity.!”!® In
patients with US suspicious or malignant lymph
nodes, a US-guided FNAB was performed where
technically possible.

Sentinel lymph node procedure

The triple technique was used for sentinel node
(SN) identification, as already published.” Excised
SN were bisected along the long axis, fixed in 10%
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formalin and embedded in paraffin. A pair of sec-
tions (sections 1 and 2) was made from each block;
the first was stained with H&E and the second for
S-100 protein by immunohistochemistry (IHC). If
the initial review of these sections was negative, six
additional consecutive sections were made (sec-
tions 3 to 8). Sections 3, 5 and 7 were stained with
H&E, sections 4 and 8 for S-100 protein, and section
6 for HMB45. THC stainings were performed us-
ing the avidin-biotin-peroxidase complex method
with commercially obtained antibodies — 5100 and
HMB45 (Dako, Glostrup, Denmark).

In order to estimate the SN tumour burden, the
maximum diameter of the largest lesion was used,
according to Rotterdam criteria.?? We arbitrarily
divided patients up into those with a positive SN
on those with SN metastases with a diameter of
0.2 mm or less, those with a diameter of between
0.2 mm and 2.0 mm, and those with SN metastases
with a diameter of more than 2.0 mm.

An SNB was indicated for patients with melanoma
with a minimum Breslow thickness of 1.00 mm, or in
the case of a Breslow thickness of less than 1 mm if
the Clark level was IV/V, or if ulceration was present.
There was no age restriction on performing a SNB.

Statistical analysis

For univariate analysis, t-test, Mann-Whitney test
and contingency tables were used. All factors that
showed a statistically significant correlation on
univariate analysis were included in multivariate
analysis. For multivariate analysis, logistic regres-
sion was used. Survival curves were calculated by
Kaplan-Meier’s method.

The differences were considered statistically sig-
nificant if the p values were less than 0.05. Software
package SPSS 15.0 for Windows was used.

Results

The ability of US and US-guided FNAB
in reducing the number of patients
requiring a SNB

In 14 SNB candidates, the US-guided FNAB was
positive for metastases and they proceeded direct-
ly to lymph node dissection.

Of them, 7 SNs were located in the inguinal region,
6 in the axilla and one SN was located in the neck.

Median diameter of SN metastases identified
with US-guided FNAB was 25.0 mm (range 4.5-
50.0 mm).

Their 5-year OS was 41%.

Radiol Oncol 2012; 46(1): 60-68.

Patients’, tumour and lymph node
characteristics and comparison of the
tumour burden between the groups

SNB was successfully performed in 707 patients
(324 men and 383 women). The median age of all
the patients was 56 years (range 7-93 years). The
median Breslow thickness of all the patients” pri-
mary tumours was 2.1 mm (range 0.5-18.0 mm).

Altogether, 1456 SNs were removed (median 2/
patient, range 1-10). The SNB was positive in 160
patients and completion lymph node dissection
(CLND) was performed on all of them.

Of the patients with a positive SNB, 63 had SN
metastases with a diameter of more than 2.0 mm,
78 had SN metastases with a diameter of between
0.2 mm and 2.0 mm, and 19 had SN metastases
with a diameter of 0.2 mm or less. After CLND, 129
out of 160 patients had no additional metastases
in nonsentinel lymph nodes (NSN), while 31 pa-
tients had one or more additional metastases in the
CLND specimen.

Three groups of patients (non-US group, US
negative and US suspicious) were well matched
with no statistically significant difference in the pa-
tients” age, tumour thickness according to Breslow,
or the presence/absence of ulceration (Table 1).
However, there were statistically important dif-
ferences in the proportion of patients with SN me-
tastases with a diameter of more than 2.0 mm and
the total number of metastatic lymph nodes per
patient (Table 1).

Survival analysis

The median follow-up was 42 months (range 1-132
months). During this time, the disease recurred in
157 patients; in 43 of these patients, a local recur-
rence was diagnosed; regional lymph node metas-
tases and distant metastases were diagnosed in 57
and 85 patients, respectively. The 5-year DFS for
the whole group was 80%.

Of the patients included in the analysis, 106 died
of melanoma and 18 died from other causes. The
5-year OS of all patients was 86.6%.

There was a significant difference in the 5-year
OS between SN-positive and SN-negative patients
- 65% compared to 92.6% (p<0.001).

For those patients with a positive SNB, there
was a significant difference in the 5-year OS be-
tween those patients with SN metastases with a
diameter of 0.2 mm or less, patients with SN me-
tastases with a diameter of between 0.2 mm and 2.0
mm, and those patients with SN metastases with a
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diameter of more than 2.0 mm (p<0.001). None of
the patients with SN metastases with a diameter of
0.2 mm or less died from disease during the follow-
up. Patients with SN metastases with a diameter
of between 0.2 mm and 2.0 mm had a 5-year OS of
90%, whereas patients with SN metastases with a
diameter of more than 2.0 mm had a 5-year OS of
39.7% (Figure 1).

In the whole group of the patients, there was a
non-significant difference in OS between patients
with a negative US, those with a suspicious US
and the non-US group of patients (p=0.513), with a
5-year OS of 88%, 81% and 85%, respectively.

Among the patients with positive SNs, the pa-
tients from the non-US group had a significantly
worse OS than those with negative and suspicious
US, with a 5-year OS of 43%, 70% and 65%, respec-
tively (p=0.013).

Since there was no significant difference in OS be-
tween those patients with a negative US and those
with a suspicious US (p=0.837), we decided to merge
both groups into one (US group) and compare its
tumour burden to the non-US group of patients.

The proportion of patients with SN metastases
with a diameter of more than 2.0 mm (31 out of 101
versus 32 out of 59, p=0.007), the total number of
metastatic lymph nodes per patient (1.2 versus 1.7,
p=0.008) and the proportion of NSN metastases (15
out of 101 versus 16 out of 59, p=0.047) were found
to be lower in the US group compared to the non-
US group (Table 2).

Among the patients with positive SNs, the pa-
tients in the US group had a significantly better OS
than those in the non-US group, with a 25% differ-
ence in the 5-year OS (p=0.003) (Figure 2).

Factors correlated with the presence
of SN metastases with a diameter of
more than 2.0 mm on univariate and
multivariate analysis

The factors which correlated with the presence of
SN metastases with a diameter of more than 2.0
mm on univariate and multivariate analysis were
preoperative US not preformed (p=0.002), the pres-
ence of ulceration (p=0.025) and the number of
positive SNs (p=0.017) (Table 3).

Factors correlated with the presence
of NSN metastases on univariate and
multivariate analysis

The factors which correlated with the presence of
NSN metastases on univariate and multivariate

1,0 + SN-positive 0.2 mm or less
; SN-positive 0.2 to 2.0 mm

0,84

o
o
1

Overall survival
2
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T T T T T T
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Time after surgery (months)

OS = overall survival; SN = sentinel lymph node

FIGURE 1. OS curves for SN-positive patients according to size of SN metastasis.
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0,6
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OS = survival; SN = sentinel lymph node; US = ultrasound

FIGURE 2. OS curves for SN-positive patients according to preformed preoperative US.

analysis were the Breslow thickness (p=0.004), the
size of the SN metastasis (p=0.003) and the number
of removed SN (p=0.04) (Table 4).

Discussion
In our study, 3.5% of the patients on whom a US

was performed did not proceed to SNB because the
US-guided FNAB proved lymph node metastases

Radiol Oncol 2012; 46(1): 60-68.
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TABLE 1. Patients’, tumour and lymph node characteristics and univariate analysis for patients with negative US, patients with
suspicious US and for non-US group

Negative US group Suspicious US group Non-US group

(n = 343) (n = 48) (n=316) P
Age (years) X ~ -~
Median (range) 57 (12-93) 56 (10-89) 56 (7-87) NS
Sex
M 152 (44.3%) 15 (31.2%) 157 (49.7%) 0.040
F 191 (55.7%) 33 (68.8%) 159 (50.3%)
Breslow thickness (mm) 5 5 s
Median (range) 2.1 (0.5-18.0) 2.3 (0.5-17.0) 2.0 (0.5-13.0) NS
Clark level
I 6 (1.8%) 2 (4.2%) 18 (5.6% )
Il 112 (32.7%) 13 (27.1%) 116 (36.7% ) 0.030
[\ 175 (51%) 23 (47.9%) 120 (38%)
\ 16 (4.7%) 3 (6.2%) 18 (5.7%)
Missing 34 (9.9%) 7 (14.6%) 44 (13.9% )
Ulceration
Present 124 (36.2%) 19 (39.6%) 91 (28.8%) NS
Absent 204 (59.5%) 26 (54.2%) 209 (66.1% )
Missing 15 (4.4%) 3(6.2%) 16 (5.1%)
Number of SN removed per patients NS
Median (range) 2.0 (1-10) 2.0 (1-10) 2.0 (1-10)
SNB positive patients 84/343 (24.5%) 17/48 (35.4%) 59/316 (18.7%) 0.018

SN metastases size

>2.0mm 25/84 (38%) 6/17 (35.3%) 32/59 (54.2%) 0.030
> 0.2 mm and < 2.0 mm 46/84 (46.5%) 9/17 (53%) 23/59 (39%)
<0.2 mm 13/84 (15.5%) 2/17 (11.7%) 4/59 (6.8%)
Median (range) 1.9 (0.03-25.0) 4.0 (0.07-25.0) 6.0 (0.1-45.0) <0.001
Total number of positive lymph nodes ~ B ~
Median (range) 1.2 (1-3) 1(1-5) 1.7 (1-8) 0.020
NSN metastases 11/84 (13%) 4/17 (23.5%) 16/59 (23.7%) NS
US = ultrasound; SN = sentinel lymph node; SNB = senfinel lymph node biopsy; NSN = nonsentinel lymph nodes
TABLE 2. Patients’, tumour and lymph node characteristics and univariate analysis for US and non-US group
US group Non-US group
(n =391) (n=316) P
Age (years)
Median (range) 57 (10-93) 56 (7-87) NS
Sex
M 167 (42.7%) 157 (49.7%) NS
F 224 (57.3%) 159 (50.3%)
Breslow thickness (mm)
Median (range) 2.1 (0.5-18.0) 2.0 (0.5-13.0) NS
Clark level
Il 8 (2%) 18 (5.6% )
1l 125 (32%) 116 (36.7% )
v 198 (50.6%) 120 (38%) 0.008
\ 19 (4.8%) 18 (5.7%) ’
Missing 41 (10.5%) 44 (13.9% )
Ulceration
Present 143 (36.6%) 91 (28.8%)
Absent 230 (58.9%) 209 (66.1% ) 0.030
Missing 18 (4.5%) 16 (5.1%)
Number of SN removed per patients
Median (range) 2.0 (1-10) 2.0 (1-10) NS
SNB positive patients 101/391 (25.8%) 59/316 (18.7%) NS
SN metastases size 0.007
>2.0 mm 31/101 (30.7%) 32/59 (54.2%) ’
> 0.2 mm and £ 2.0 mm 55/101 (54.4%) 23/59 (39%)
<0.2mm 15/101 (14.9%) 4/59 (6.8%) <
Median (range) 2.0 (0.03-25.0) 6.0 (0.1-45.0) 0.001
Total number of positive lymph nodes
Median (range) 1.2 (1-5) 1.7 (1-8) 0.008
NSN metastases 15/101 (14.8%) 16/59 (23.7%) 0.047

US = ultrasound; SN = sentinel lymph node; SNB = sentinel lymph node biopsy; NSN = nonsentinel lymph nodes

Radiol Oncol 2012; 46(1): 60-68.
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TABLE 3. Factors correlated with the presence of SN metastases with a diameter of more than 2.0 mm on univariate and multivari-
ate analysis

FACTOR p (univariate) p (multivariate) Hazard ratio (HR) 95.0% ClI for HR

Age (years)
<45

> 45 0.851 / / /

Sex
M

F 0.606 / / /

Site
Head and neck
Trunk 0.456 / / /
Extremity

Breslow thickness (mm)
<1
1.01-2.00
2.01-4.00 0.131 / / /
> 4.00

Clark level
I
I
\% 0.198 / / /
\

Ulceration
Present
Absent

Number of positive SNs
1

0.023 0.025 2.370 1.116 - 5.031

23 0.035 0.017 5398 1.352 - 21.554
>4

Preoperative us
Negafive 0.001 0.002 1.145 1.051 - 1.247

Not performed

US = ultrasound; SNs = sentinel lymph nodes; HR = hazard ratio; Cl = confidence interval

TABLE 4. Factors correlated with the presence of NSN metastases on univariate and multivariate analysis

FACTOR p (univariate) p (multivariate) Hazard ratio (HR) 95.0% ClI for HR
Age (years)
<45
> 45 0.339 / / /
Sex
M 0.822 / / /
Breslow thickness (mm)
<1
1.01-2.00
2.01-4.00 0.002 0.004 3.014 1.410 - 6.439
> 4,00
Clark level
Il
Il
v 0.057 / / /
\
Ulceration
Present
Absent 0.898 / / /
Preoperative US
Negative
Not performed 0.074 / / /
Number of removed SNs
]> 1 0.048 0.040 0.349 0.128 - 0.953
Number of positive SNs
1
2-3 0.503 / / /
>4
SN metastasis size (mm)
<20 0.001 0.003 2.347 1.346 — 4.092

>2.0

US indicates ultrasound; SNs, sentinel lymph nodes; HR, hazard ratio; Cl, confidence interval

Radiol Oncol 2012; 46(1): 60-68.
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preoperatively. This is in line with several studies
conducted which have demonstrated that a high-
resolution US is a more sensitive and specific alter-
native to physical examination when it comes to the
detection of lymph node metastases.?>> The combi-
nation of a US and FNAB eliminated the need for
a SNB in 2.3% to 16% of the patients in published
studies.?!152627 Such a wide range can be explained
partly by the different proportion of patients with a
small tumour burden in their lymph nodes that were
included in each study. This relatively low number
of patients spared from undergoing an SNB in our
study could be explained by the high proportion of
patients with SN metastases with a diameter of 2.0
mm or less. The smallest metastatic deposit detected
by a US in our study was 4.5 mm. These results are
in line with the results of Starritt and colleagues®”
which concluded that a preoperative US can detect
metastatic melanoma deposits as small as approxi-
mately 4.5 mm in diameter. Similar results were also
demonstrated by Sibon and colleagues'® who failed
to detect metastatic deposits of less than 5 mm in di-
ameter. However, according to the results of Rossi'
and Kunte’, the threshold lies way below 5 mm or
4.5 mm, at approximately 2 mm.

We can assume that the preoperative US of the
regional lymph node not only spares some patients
from undergoing a SNB procedure, but because of
its higher sensitivity in comparison to palpation,
it should also reflect in the smaller amount of the
tumour burden detected in regional lymph nodes
and, as such, also in the patient’s survival. A pre-
vious study conducted by Zgajnar and colleagues
from our institute revealed that patients with early
breast cancer and US uninvolved axillary lymph
nodes have a significantly lower tumour burden
in the axillary lymph nodes compared to those
with only clinically uninvolved lymph nodes.?
However, to the best of our knowledge, this is the
first study investigating the impact of a preopera-
tive US examination of regional lymph nodes on
the amount of the detected tumour burden in re-
gional lymph nodes in clinically node negative
melanoma patients.

Indeed, the present study clearly demonstrates
that the patients with US uninvolved lymph nodes
form a distinct subgroup of melanoma patients.
Namely, when patients in the US group were com-
pared to those in the non-US group, we found a
statistically significant lower lymph node tumour
burden in the US group.

We observed a lower proportion of patients with
SN metastases with a diameter of more than 2.0
mm in the US group. The median diameter of SN

Radiol Oncol 2012; 46(1): 60-68.

metastases in the US group was 2.0 mm compared
to 6.0 mm in the non-US group. In the logistic re-
gression model, the factors which correlated with
the presence of SN metastases with a diameter of
more than 2.0 mm were as follows: the preopera-
tive US not preformed, the presence of ulceration
and the number of positive SNs.

Furthermore, we found a lower total number
of metastatic lymph nodes per patient in the US
group of patients with CLND performed in com-
parison to the non-US group. We also found a
lower number of patients with metastatic NSN in
the US group. This finding can be explained by
the lower proportion of patients with SN metas-
tases with a diameter of more than 2.0 mm in the
US group. Namely, the size of the SN metasta-
sis was demonstrated in several studies as being
a predictor of the NSN metastases and also as a
predictor for survival.?3¢ Hence, due to the lower
proportion of patients with SN metastases with a
diameter of more than 2.0 mm in the US group,
the total number of metastatic lymph nodes and
NSN per patient is also lower. As shown by our
results, the Breslow thickness, the size of the SN
metastasis and the number of SNs removed were
significant predictors for the presence of NSN
metastases, which is in accordance with previous
studies. %

In our study, there was no significant difference
in the OS between the US and non-US groups of
patients. These results are understandable since
the proportion of patients with positive SNs in both
groups is small and these are the only patients that
could theoretically benefit from a preoperative US.
However, when we compared only those patients
with positive SNs, the patients in the US group
had a significantly better OS than those in the
non-US group, with a 5-year OS of 68% compared
to a 5-year OS of 43%. Similar results were dem-
onstrated in a study by Voit and colleagues who
compared the OS of patients with SN metastases
and a positive preoperative US of regional lymph
nodes to those with SN metastases and a negative
preoperative US.# In their study, patients with SN
metastases and negative preoperative US had sig-
nificantly better OS than those with SN metastases
and positive preoperative US, with a 5-year OS of
71% compared to a 5-year OS of 53%. In our study,
the patients with lymph node metastases and posi-
tive preoperative US had 41% 5-year OS.

According to these results, a preoperative US can
further improve the risk stratification of melanoma
patients with metastases in SNs (stage Illa).*!
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Our findings might also have an implication on
the regional treatment of melanoma patients. As
only 15% to 30% of patients with positive SNs have
an additional disease in NSN, investigators have
suggested that CLND might not be necessary in all
patients with a positive SNB.#>*# Since the probabil-
ity of NSN metastases was reduced in our study in
the US group of patients, a preoperative US com-
bined with FNAB should be considered as stratifi-
cation criteria in randomised trials comparing dif-
ferent regional therapies in SN positive melanoma
patients.

In our study we proved that the preoperative
US of regional lymph nodes spares some patients
from undergoing a SNB. In addition, patients with
regional lymph node metastases and a negative
preoperative US have a significantly lower tumour
burden in comparison to those with only clinically
negative regional lymph nodes. Most importantly,
this is reflected in a better OS for this particular
subgroup of patients.
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Background. Virtual touch tissue quantification (VTTQ) is a new, promising technique for detecting the stiffness of
tissues. The aim of this study is to compare the performance of VITQ and digital rectal examination (DRE) in discrimina-
fion between prostate cancer and benign prostatic hyperplasia (BPH).

Patients and methods. VITQ was performed in 209 prostate nodular lesions of 107 patients with BPH and suspected
prostate cancer before the prostate histopathologic examination. The shear wave velocity (SWV) at each nodular le-
sion was quantified by implementing an acoustic radiation force impulse (ARFl). The performance of VITQ and DRE in
discrimination between prostate cancer and BPH was compared. The diagnostic value of VITQ and DRE for prostate
cancer was evaluated in terms of the sensitivity, specificity, positive predictive value (PPV), negative predictive value
(NPV) and accuracy.

Results. Prostate cancer was detected in 57 prostate nodular lesions by histopathologic examination. The SWV
values (m/s) were significantly greater in prostate cancer and BPH than in normal prostate (2.37 £ 0.94, 1.98 + 0.82 vs.
1.34 £ 0.47). The area under the receiver operating characteristic curve (AUC) for VTTQ (SWV>2.5m/s) to differentiate
prostate nodules as benign hyperplasia or malignancy was 0.86, while it was 0.67 for DRE. The diagnostic sensitivity,
specificity, PPV, NPV and accuracy were 71.93 %, 87.5 %, 68.33 %, 89.26 %, 83.25 %, respectively for VITQ (SWV>2.5m/s),
whereas they were 33.33 %, 81.57 %, 40.43 %, 76.54 %, 68.42 % respectively for DRE.

Conclusions. VTTQ can effectively detect the stiffness of prostate nodular lesions, which has a significantly higher
performance than DRE in discrimination between prostate cancer and BPH.

Key Words: prostate cancer; benign prostatic hyperplasia; virtual touch tissue quantification; digital rectal examina-
tion; shear wave velocity

Introduction

method for prostate cancer screening over the past
decades.?® But the performance of DRE in detect-

Prostate cancer is an important health concern for
men. Over the past 2 decades, prostate cancer pa-
tients have become the largest cancer population
among all cancer patients in the United States and
European Union countries.! Together with prostate
specific antigen (PSA), digital rectal examination
(DRE) had been recommended as the preferred

Radiol Oncol 2012; 46(1): 69-74.

ing prostate abnormalities varies greatly and the
agreement between examiners is low.* Moreover,
DRE can lead to rectal discomfort, rectal bleeding
and even syncope,* an alternative approach for
DRE is needed.>*

Virtual touch tissue quantification (VITQ) is a
new, promising implementation of the ultrasound

doi:10.2478/v10019-01 1-0026-3
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FIGURE 1. The measurement of shear wave velocity (SWV) of the normal prostate (A), benign prostatic hyperplasia (BPH) (B) and prostate cancer(C)
with virtual touch tissue quantification (A and B from the abdominal view; C from the transperineal view).

acoustic radiation force impulse (ARFI) imaging,
which can effectively and objectively detect the tis-
sue stiffness without any discomfort by measuring
the shear wave velocity (SWV) values.” Recently,
VTTQ has been used to quantify the stiffness of the
liver, kidneys, pancreas, and spleen.’!! Our previ-
ous study also demonstrated that VITQ can easily
detect the age-related changes in prostate stiffness.!2

In the present study, we investigated the feasibil-
ity of VITQ for quantifying the stiffness of nodular
lesions of prostate cancer and BPH, and compared
the performance of VITQ and DRE in discrimina-
tion between prostate cancer and BPH, in order to
explore a better strategy for the prostate palpation.

Patients and methods

The study was approved by the local human re-
search ethics committee and free signed informed
consent was obtained from all the subjects. One
hundred and seven patients (mean age: 66.7 + 12.9
years, range: 51-83 years) with BPH and suspected
prostate cancer based on abnormal findings on DRE
(palpable nodular lesions), transrectal ultrasound
(TRUS) (detection of hypoechoic lesions) and high
serum levels of PSA (>4ng/ml) were enrolled in this
study. All patients underwent prostate biopsies. The
control group consisted of 40 healthy volunteers
(mean age: 62.8 +19.7 years, range: 53-88 years). The
inclusion criteria were: (a) absence of any history of
focal or diffuse disease at any of the examined or-
gans, assessed by subject’s history, clinical symp-
toms, electrocardiogram, laboratory data, radiol-
ogy, echocardiography and computer tomography;
(b) good visualization of the prostate on TRUS.
DRE were performed at the department of
urology by two expert urologists independently.

Radiol Oncol 2012; 46(1): 69-74.

Before rectal palpation, the bladder was voided.
As described previously®®, the subjects were stand-
ing and supported on the forearms with the knees
flexed, who were asked to strain down to facilitate
palpation of the upper parts of the prostate and the
seminal vesicles. All findings were recorded imme-
diately. A firm nodular consistency was the main
criterion for malignancy. Prostates with a consist-
ency close to normal were classified as benign and
were not further examined.

Just before histopathologic examination, VITQ
were accomplished in all the patients, using a
Siemens ACUSON 52000 US system (Siemens,
Germany), with convex probes (4C1), tissue har-
monic imaging (THI; 4MHz) and mechanical index
of 1.7. Firstly, VITQ was performed with the pre-
liminary identification of a target region of interest
(ROI) (box with fixed dimension of 1x0.5 cm) on a
conventional ultrasound image. Then, an acoustic
push pulse was transmitted immediately on the
right side of the ROI where the SWVs were calcu-
lated and expressed with a numerical value (me-
ter/second, m/s) as a result of multiple measure-
ments made for the same spatial location.”® For the
prostate study, the patients were placed in the re-
cumbent position. The operators performed three
measurements at each nodular lesion through the
abdomen or perineum, after the subjects properly
emptied their bladders (Figure 1).

Prostate transrectal biopsy was performed un-
der TRUS guidance, and eight cores of tissue were
collected using an 18G biopsy needle. All the
specimens were fixed in 10% formaldehyde solu-
tion at a room temperature. Thereafter, they were
embedded in paraffin, and cut into 5 um-thick
sections. Subsequently, the sections were stained
with hematoxylin and eosin to identify prostatic
carcinoma, prostatic hyperplasia, prostatitis and
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FIGURE 2. The histopathology of benign prostatic hyperplasia (BPH) (A and B), prostate cancer (C and D). (A and C: 100x magnification; B and D:

400% magnification).

to assess the Gleason score of prostatic carcinoma
using light microscopy (Zeiss Axiovert S 100, Jena,
Germany). All results were independently evalu-
ated by two expert pathologists.

Patient data (age, biopsy results) were collected
retrospectively from the patient records. Data were
expressed as the mean + SD. Differences between
the mean values of the two groups were analyzed
by unpaired t tests. A McNemar test was used to
compare the sensitivity, specificity, PPV, NPV and
accuracy for different diagnostic criteria. A receiv-
er operating characteristic curve (ROC) analysis
was used to determine the cut off value of SWV
for the diagnosis of prostate cancer, as well as to
evaluate and compare the diagnostic performance
of the two methods: VITQ and DRE. Differences
were considered significant at p<0.05.All statistical
analysis was performed with SPSS version 13 soft-
ware for Windows (SPSS Inc, Chicago, IL).

cancer and BPH

Results

Prostate cancer was detected in 57 nodular lesions
of all 209 ones in 107 patients, and BPH was de-
tected in the remaining 152 nodular lesions by
the histopathologic examination. In these nodu-
lar lesions of prostate cancer, VITQ detected 41
ones when the cutoff point of SWV was chosen at
2.5m/s, while DRE detected 19 ones per urologist in
average. Acinar-type adenocarcinoma is common
malignancy of the prostate, comprising more than
99% of the malignant lesions with a Gleason score
of 6-10 (Figure 2). Other primary malignant pros-
tate lesions are exceedingly rare and include germ
cell tumors, malignant peripheral nerve sheath tu-
mors and nephroblastoma. The nodular lesions of
prostate cancer were mostly found at peripheral
zone, while the ones of BPH were mostly found at
transitional zone.

Radiol Oncol 2012; 46(1): 69-74.
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FIGURE 3. The comparison of shear wave velocity (SWV) values among benign prostatic hyperplasia (BPH), prostate cancer (PC)
and the normal prostate(NP) (A) and the comparison between inner gland and outer gland (B) (*p<0.05, **p<0.01).

As shown in Figure 3, The SWV values (m/s)
were significantly greater in prostate cancer and
BPH than in normal prostate (2.37 £+ 0.94, 1.98 +
0.82 vs.1.34 + 0.47). Furthermore, the SWV values
were slightly greater in prostate cancer than in
BPH (p<0.05). In addition, we found that the SWV
values of inner gland in the patients with BPH
were significantly greater than that of outer gland,
while in the patients with prostate cancer, the ones
of inner gland were significantly lower than that of
outer gland.
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FIGURE 4. Receiver operating characteristic curve showing the
performance of VTITQ (SWV >2.5m/s) and DRE in discrimination
between prostate cancer and benign prostatic hyperplasia
(BPH). AUC, the area under the receiver operating character-
istic curve.
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In order to quantify the performance of VITQ in
discrimination between prostate cancer and BPH,
several cutoff values of SWV are chosen according
to the area under the ROC (AUC) which is positive-
ly correlated with the discrimination performance.
The definite one is 2.5 m/s at last. In the same way,
the performance of VITQ and DRE in discrimina-
tion between prostate cancer and BPH was com-
pared. The AUC for VITQ (SWV>2.5m/s) was 0.86,
while it was 0.67 for DRE (Figure 4).

As shown in Table 1, the diagnostic sensitivity,
specificity, PPV, NPV and accuracy were 71.93 %,
87.5 %, 68.33 %, 89.26 %, 83.25 %, respectively for
VITQ (SWV>2.5m/s), whereas they were 33.33
%, 81.57 %, 40.43 %,76.54 %,68.42 %, respectively
for DRE. Although there were no significant dif-
ferences in the specificities between VITQ (SWV
>2.5m/s) and DRE, the sensitivities, PPVs, NPVs
and accuracies of VITQ (SWV>2.5m/s) were still
significantly higher than those of DRE.

Discussion

The results presented here indicate that VITQ can
effectively detect the stiffness of prostate nodular
lesions, which has a significantly higher perform-
ance in discrimination between prostate cancer and
BPH than the conventionally used palpation, DRE

DRE is the most commonly used palpation
technique for prostate abnormalities by detecting
the changes of prostate stiffness. Although it had
been recommended as one of the basic methods
for prostate cancer screening, its sensitivity is not
desirable. Being similar to the previous reports!*!°,
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TABLE 1. The sensitivity, specificity, positive predictive value, negative predictive value and accuracy of the different examinations: DRE,
VTTQ(SWV>2.5m/s).

Positive predictive

Modalities Sensitivity Specificity Negative predictive value Accuracy

valve
DRE 19/57(33.33%) 124/152(81.57%) 19/47(40.43%) 124/162(76.54%) 143/209(68.42%)
VT1Q 41/57(71.93%) 133/152(87.5%) 41/60(68.33%) 133/149(89.26%) 174/209(83.25%)

the diagnostic sensitivity is only 33.33% for DRE in
our study. The cancer detection rate for DRE in the
anterior prostate is lower than that in the periph-
eral region, and the difference between examiners
can partly account for the low sensitivity.

ARFI imaging is a new ultrasound imaging
modality to evaluate the stiffness of deep tissues
by short-duration acoustic radiation forces that
produce localized displacements in a “pushed”
ROI617 and SWV is the speed of a transverse
wave propagating perpendicular to the direction
of tissue displacement, which is an indicative fac-
tor of tissue rigidity.” Prostate is a linear, isotropic
elastic body. The stiffer the prostate, the faster the
shear wave will be propagated. Our study shows
that prostate cancer and BPH nodular lesions all
have greater SWV values than that of the normal
prostate tissue, i.e., the nodular lesions of prostate
cancer and BPH are stiffer than the normal prostate
tissue because of their different pathological struc-
tures. This finding coincides with the results of the
previous studies.!>!® In addition, our results show
that the outer gland in the patients with prostate
cancer has greater SWV values than that of the in-
ner gland, and the inner gland in the patients with
BPH has greater SWV values than that of the outer
gland. It is known that prostate cancer often oc-
curs in the outer gland, while BPH often occurs in
the inner gland. The different originated site just
explains the phenomenon of the different distribu-
tion of SWV values.

Due to the non-invasive and easily accessible
nature of VITQ, this technology makes it possi-
ble to conduct a thoroughly evaluation of prostate
rigidity at an optional site. In this study, we can
easily detect the stiffness by SWV measurement
at any prostate nodular lesions via the abdomen
or perineum; no matter they locate in inner gland
and outer gland. Moreover, our previous study
had demonstrated that VITQ has a good repeat-
ability.!? Therefore, the sensitivities, PPV and accu-
racies of VITQ are far higher than those of DRE,
although VTTQ is no significant superiority in the
specificities to DRE. The AUC under the ROC fur-
ther indicates that VITQ (SWV >2.5m/s) has a sig-

nificantly higher performance in the detection of
prostate cancer than DRE.

Although VTTQ can be potentially an impor-
tant quantitative diagnostic tool for tissue stiff-
ness, there are some limits in the present study.
For example, the stiffness of prostate cancer with
different Gleason score is not evaluated, and the
specimens of prostate cancer are limited. There are
also some problems with the use of VITQ for the
detection of prostate cancer. The limited detected
depth (maximum 5.5 cm), the fixed box dimension
(1x0.5cm) of the target ROIL, may become obstacles
to the extensive application of this new technology.

Conclusions

In this study, we evaluated the usefulness of VITQ
for the detection of prostate cancer. The method
shows much higher sensitivity, PPV and accuracy
than that of the conventionally used examination,
DRE. Although several limitations mentioned
above, this method still holds a considerable clini-
cal promise, for example, a combination of VITQ
and PSA for the detection of prostate cancer.
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Introduction. Lymphoscintigraphy is an important part of sentinel node mapping in breast cancer patients.
Sometimes star shaped artefacts due fo septal penetfration can be problematic during imaging. In the current study,
we evaluated the possibility of high energy (HE) collimators use for lymphoscintigraphy.

Patients and methods. Twenty patients with early breast carcinoma were included. Thirty minutes after radiotracer
injection (99mTc-antimony sulphide colloid), anterior and lateral images were acquired using a dual head gamma
camera equipped with a parallel hole low energy high resolution (LEHR) collimator on one head and HE collimator
on another head. Allimages were reviewed by two nuclear medicine specialists regarding detectability and number
of axillary sentinel nodes and presence of star artefact.

Results. Allimages taken by LEHR collimators showed star artefact of the injection site. No image taken by HE colli-
mator showed this effect. In two patients the sentinel node was visible only by HE collimator. Tumour location in both of
these patients was in the upper lateral quadrant and both had history of excisional biopsy. In two patients additional
senfinel node was visible adjacent to the first one only on the LEHR images.

Conclusions. HE colimators can be used for sentinel lymph node mapping and lymphoscintigraphy of the breast
cancer patients. This collimator can almost eliminate star-shaped artefacts due to septal penetration which can be
advantageous in some cases. However, to separate two adjacent sentinel nodes from each other LEHR collimators
perform better.

Key words: sentinel node; lymphoscintigraphy; collimator; HEAP; high energy all purpose; low energy high resolution;
LEHR

Introduction

Sentinel node biopsy is the standard method of ax-
illary staging in early breast cancer patients.!
During surgery the sentinel nodes can be detect-
ed with two different techniques; alone or in com-
bination: radiotracer and/or blue dye approaches.?
Imaging after radiotracer injection (lymphoscin-

Radiol Oncol 2012; 46(1): 75-80.

itgraphy) was recommended by most guidelines
which can help in performing sentinel node biopsy
flawlessly.® Usually after injection of the radiotrac-
er in the breast (in a specific location according to
the used protocol), lymphoscintigraphy was per-
formed in different time intervals.* A major prob-
lem while imaging the axilla, was concealment of
the sentinel nodes by the activity in the injection

doi:10.2478/v10019-012-0013-3
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FIGURE 1. Low energy high resolution collimator (LEHR) (upper row) as well as high energy (HE) collimator (lower row) images of a patient. Scatterograms
are also shown on the right sides of each original image. There is no star shape artefact in the HE collimator images.

TABLE 1. The specifications of high energy (HE) and low energy all purpose collimators

Low energy all purpose collimator  High energy collimator

Hole shape

Number of holes (x1,000)

Hole length (mm)

Septal thickness (mm)

Hole diameter (mm across the flats)

Sensitivity at10 cm (count per minute/uCi) for 99mTc photons
Spatial resolution (mm at 10 cm) for 99mTc photons

Septal penetration (%) for 99m Tc photons

Hexagonal Hexagonal

148 8
24.05 50.8
0.16 2

1.1 3.4
261.5 285.4
6.64 12.66

1.5 Almost none

site, scatter photons, as well as star shaped arte-
facts due to septal penetration.>® To avoid this
problem many centres used a lead shield on the in-
jection site with some success.” Another approach
to decrease the above mentioned problem was to
use other types of collimators with thicker septa
(such as medium energy) instead of usual low en-
ergy ones in order to reduce the septal penetration
and decrease the star-shaped artifact.>1° Although
high energy (HE) collimators have thicker septa
compared to the medium energy collimators, to the
extent of our knowledge the efficacy of this kind of

Radiol Oncol 2012; 46(1): 75-80.

collimator for sentinel node mapping has not been
evaluated before.

In the current study, we evaluated the feasibility
and possible advantages of using HE collimator for
lymphoscintigraphy of early stage breast cancer
patients.

Patients and methods

20 patients with the clinical diagnosis of early
(stages I and II) breast carcinoma were included in
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the study. Histological diagnosis of breast cancer
was based on the results of core needle biopsy or
excisional biopsy.

For patients in whom the diagnosis was estab-
lished by core needle biopsy periareolar intrader-
mal injections of 18.5 MBq (0.5 mCi)/0.2 mL *™Tc-
antimony sulphide colloid were used. For patients
with history of previous excisional biopsy of the
primary lesion two intradermal injections of 18.5
MBq (0.5 mCi)/0.2 mL *™Tc-antimony sulphide
colloid at each end of the excisional line were giv-
en. Gentle massage was applied to the injection site
subsequently for all injections for 1 minute.

Anterior and lateral views were acquired 30
minutes after the injection (2 minutes/image,
128x128 matrix, 15% energy window cantered
over 140 keV) using a dual head gamma camera
(e.cam Siemens), equipped with a parallel hole low
energy high resolution (LEHR) collimator on one
head and HE energy collimator on another head.
The order of imaging was: 1) lateral view with HE, HE
2) lateral view with low energy, 3) anterior view
with HE and 4) anterior view with low energy col-

LEHR

limators. The outline of the patients was acquired FIGURE 2. Low energy high resolution collimator (LEHR) (upper row) as well as high
' energy (HE) collimator (lower row) images of a patient. Note that the sentinel node

sm.lultaneously using the scattired phOtoln_s as. de- is only visible on the HE collimator images (arrow) due to star artefact on the low
scribed by Momennezhad et al." The specifications energy collimator imaging. The scatterograms are also shown on the left side of
of both HE and LEHR collimators are provided in  each original image.

Table 1. Some of the gamma camera specifications
are shown in Table 2.
Collimator performance was calculated using @

especial calculator provided by Nuclear Fields '
Company.? ‘
All images were reviewed by two nuclear . [

medicine specialists regarding: detectability of
axillary sentinel nodes, number of visualized sen-
tinel nodes, and presence of star artefact. Semi-
quantitative evaluation was also performed using
ROIs on the injection site and on detected axillary Lataral
sentinel nodes.
Quantitative data (count rates) were expressed
as mean + SD. For comparison of these quantitative
data between two sets of images paired sample t
tests was used. P values less than 0.05 were consid-
ered statistically significant.
The study was carried out according to the \
Declaration of Helsinki. '.

Anterion

Results

. , . A
Table 3 shows the summary of patients’ characteris- Lateral ) e ) )
FIGURE 3. High energy (HE) collimator (A) as well as low energy high resolution col-

tics. All mages taken by LEHR collimators showed limator (B) images of the same patient. Note that two separate sentinel nodes are

star artefact of the injection site. No image taken by  opvious on the low energy high resolution images. These two sentinel nodes are not
HE collimator showed this effect (Figure 1). In two  shown as discrete nodes on the HE collimator images.

Radiol Oncol 2012; 46(1): 75-80.
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TABLE 2. Some of the gamma camera specifications used in the current study

Specifications

Field-of-view (FOV) 53.3 x 38.7 cm
Diagonal FOV 63.5cm
Crystal

Size 59.1 x 445 cm

Diagonal 69.2.cm

Thickness 9.5¢cm
Photomultiplier tubes

Total number 59

Type Bialkali high-efficiency box-type dynodes

Array Hexagonal
Shielding

Back 9.5 mm

Sides 12.7 mm
Intrinsic spatial resolution

FWHM in CFOV <3.8 mm

FWHM in UFOV <3.9 mm
Infrinsic energy resolution <9.9%
System spatial resolution without scatter with LEHR collimator at 10 cm 7.4 mm

FWHM = full width at half maximum; CFOV = central field of view; useful field of view UFOV; LEHR = low energy high resolution collimator

TABLE 3. Patients characteristics

Number of detected

age  TUmouse  Hiomofexc:  TUmGMIO" iymon nodeswin ik Nemberofdeiected e
1 31 1.2 No UM 1 1
2 34 2.2 No UL 2 1
3 56 2.3 Yes uL 0 1
4 57 2.4 No uL 0 0
5 80 3.1 No LL 1 1
6 43 3.6 Yes LM 1 1
7 44 2 Yes uL 1 1
8 36 2.1 Yes Central 2 1
9 47 2.4 No LL 2 1
10 58 1.3 Yes uL 1 1
11 55 1.5 No uL 1 1
12 45 3 Yes LL 1 1
13 45 1.3 Yes UM 1 1
14 78 1.4 No uL 1 1
15 56 2.5 No LL 1 1
16 32 2.2 No LM 1 1
17 36 2.3 No Central 1 1
18 45 1.7 Yes uL 0 1
19 30 1.8 No uL 1 1
20 34 1.9 Yes uL 1 1

LEHR = low energy high resolution; HE = high energy; UM = upper medial quadrant; UL = upper lateral quadrant; LM = lower medial quadrant; LL = lower
lateral quadrant

Radiol Oncol 2012; 46(1): 75-80.
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TABLE 4. Comparison of mean count rates for injection site as well as sentinel node(s) on low energy high resolution (LEHR) collima-

tor and high energy (HE) collimators

Low energy high resolution col-

High energy collimator et P value
Injection site counts on lateral views 9127632+78784 8312982+67565 <0.001
Injection site counts on anterior views 9252343+86772 8811054+76453 <0.001
Sentinel node counts on lateral views 1799167 1576+55 <0.0001

patients the sentinel node was visible by HE col-
limator but not LEHR collimator. Tumour location
in both of these patients was in the upper lateral
quadrant and both had history of excisional biop-
sy (Figure 2). In two patients, additional sentinel
node was visible adjacent to the first one only on
the LEHR images (Figure 3). Table 4 compares the
counts of injection site as well as sentinel node(s)
for HE and LEHR collimators.

Discussion

Imaging of the axillary sentinel lymph nodes (lym-
phoscintigraphy) was recommended by many as
a necessary part of breast cancer axillary staging
using sentinel node biopsy.’¥* This imaging can
be somehow challenging especially when the injec-
tion site is near the axilla which can obscure the
sentinel nodes due to “shine through” and star
artifacts.”!>'7 Sub-areolar injection of the tracer by
increasing the distance between injection site and
axilla can obviate this problem to some extent.
However, a problem still persists especially for tu-
mours located in the upper lateral quadrants par-
ticularly in patients with the history of previous
excisional biopsy of the primary breast lesion.!”

A method to decrease the masking effect of in-
jection site count on the sentinel node(s) was using
other types of collimators with less septal penetra-
tion.” For the first time in the literature we used
HE collimators for lymphoscintigraphy imaging in
the current study. Our results showed better visu-
alization of axillary sentinel lymph nodes in two
patients with history of excisional biopsy and the
primary tumour location in the upper lateral quad-
rants by HE collimator. This is most likely due to
minimal septal penetration by 140 KeV photons of
#mTc using the HE collimator (minimal septal pen-
etration using HE versus 1.5% using LEHR colli-
mators). Injection sites in these two patients were
very near the axilla and resulting septal penetra-
tion masked the axillary sentinel nodes by LEHR
collimator. Our findings were also supported by

Tsushima ef al. who used medium energy collima-
tors. They reported a decrease in star-shaped arte-
facts with a better chance of sentinel node visuali-
zation when injection site is near the axilla.”

The count rate of the injection site as well as of
sentinel nodes was consistently higher using HE
collimator as compared to LEHR one in our study.
This was most likely due to higher sensitivity of
HE collimator for 140 KeV photons compared to
LEHR (285.4 counts per minute per pCi for HE and
261.5 counts per minute per uCi for LEHR). This
effect could also contribute to better sentinel node
visualization in the above mentioned patients us-
ing HE collimators.

Star-shaped artefact which is the result of sep-
tal penetration is not the only determinant of sen-
tinel node masking by adjacent high counts. The
spatial resolution of the collimators is also of ut-
most importance in this regard. Several authors
reported better performance of high resolution
collimators for lymphoscintigraphy.>*1018 We also
find the same findings in two of our patients. Due
to low resolution of HE collimator, the activity of
the adjacent sentinel nodes were merged with each
other and they can not be separable as two distinct
nodes as they were on the LEHR images. Fenestra
et al.' and Lemstra et al.’ both found the same find-
ings comparing medium energy and low energy
collimators and attributed this to a higher spatial
resolution. This can be especially true in our study
since spatial resolution for *™Tc photons (in mm at
10 ¢cm) is 12.66 for HE and 6.64 for LEHR collima-
tors respectively.

Conclusions

HE collimators can be used for sentinel lymph
node mapping and lymphoscintigraphy of the
breast cancer patients. This collimator can almost
eliminate star-shaped artefacts due to septal pen-
etration which can be advantageous in some cases.
However, to separate two adjacent sentinel nodes
from each other LEHR collimators perform better.

Radiol Oncol 2012; 46(1): 75-80.
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We do not recommend routine use of HE col-
limators for lymphoscintigraphy due to the above
mentioned low resolution. In case of significant
star-shaped artefacts which can mask the sentinel
nodes in the axillary area on the LEHR images, HE
collimators can be helpful.
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Background. Nuclear medicine began to be developed in the USA after 1938 when radionuclides were introduced
infto medicine and in Europe after radionuclides began to be produced at the Harwell reactor (England, 1947).
Slovenia began its first investigations in the 1950s. This artficle describes the development of nuclear medicine in
Slovenia and Ljubljana. The first nuclear medicine interventions were performed in Slovenia af the Infernal Clinic in
Ljubljana in the period 1954-1959. In 1954, Dr Joze Saftler started using radioactive iodine for thyroid investigations. In
the same year, Dr Bojan Varl, who is considered the pioneer of nuclear medicine in Slovenia, began systematically
infroducing nuclear medicine. The first radioisotope laboratories were established in January 1960 af the Institute of
Oncology and af the Internal Clinic. Under the direction of Dr. Varl, the laboratory at the Internal Clinic developed
gradually and in 1973 became the Clinic for Nuclear Medicine with departments for in vivo and in vifro diagnostics
and for the freatment of inpatients and outpatients at the thyroid department. The Clinic for Nuclear Medicine be-
came a teaching unit of the Medical Faculty and developed its own post-graduate programme — the first student
enrolled in 1972. In the 1960s, radioisotope laboratories opened in the general hospitals of Slovenj Gradec and Celje,
and in the 1970s also in Maribor, Izola and Sempeter pri Novi Gorici.

Conclusions. Nowadays, nuclear medicine units are modernly equipped and the staff is frained in morphological,
functional and laboratory diagnostics in clinical medicine. They also work on the freatment of cancer, increased
thyroid function and other diseases.

Key words: nuclear medicine; history; Slovenia; Ljubljana; Clinic for Nuclear Medicine

Introduction

the USA, radionuclides were introduced into medi-
cine after 1938 and in Europe after 1947, when pro-

Half a century ago, nuclear medicine as a science
was not yet known. In this profession, open and
artificial radionuclides are used, created in special
biochemical substances-radiopharmaceuticals. Ra-
diopharmaceuticals enter the body and emit beams
to the radioactivity-meter outside the body, ena-
bling the detection of morphological and functional
changes within organs. They are also used for irra-
diation of diseased tissue and for the measurement
of serum concentration of biological substances. In

Radiol Oncol 2012; 46(1): 81-88.

duction began at the Harwell reactor in England.
Slovenia followed global trends and in the 1950s
the first investigations in this field also began in
Slovenia. Nuclear medicine units obtained radionu-
clides with a long half-life from the reactor in Vinca,
Serbia, which was built in 1959. Later, short-lived
radionuclides were prepared in radiopharmaceuti-
cal laboratories in imported generators.!

Today, nuclear medicine offers diagnostic serv-
ices to numerous medical specialties: endocrinolo-

doi:10.2478/v10019-012-0011-5
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gy, cardiology and angiology, haematology, neph-
rology, gastroenterology, neurology, pulmology,
infectious diseases, psychiatry and orthopaedics.
Nuclear medicine units are modernly equipped
and staff are trained for morphological, functional
and laboratory diagnostics in clinical medicine and
for the integral diagnostics and therapy of differ-
ent diseases. They work on the treatment of can-
cer, increased thyroid function and other diseases.
Because of the interdisciplinary incorporation of
nuclear medicine in diagnostics and treatment, this
specialty has an important role in medicine.

Nuclear medicine in the world

The accidental discovery of radioactivity (Henri
Becquerel, 1896) and the research work of the Curies
who discovered new radioactive elements, en-
riched medicine with new therapeutic possibilities
based on the effects of radiation. They found that
radiation permanently damages live cells. Thus, at
the beginning of the 20t century, Alexander G. Bell
suggested tumours could be treated with radiation
sources. In 1905, radiation was already being used
to treat the thyroid gland; however, the broader
application of radioactive substances was delayed
until the 1920s and 1930s because of their difficult
availability. The first experiments were performed
with radioactive phosphorus, which accumulates
in bones (**P) and with iodine (**'I).

In 1938, a radionuclide, which represents the
basis of nuclear medicine, namely technetium -
#mTc was discovered. It has ideal characteristics for
use in examinations in humans: a short half-life (6
hours), low radiation dose and the element is not
chemically active. It is still used today in 90% of
nuclear medicine examinations. In 1939, strontium
(¥Sr) was used for the first time: it accumulates in
bones and is still used for pain therapy in patients
with bone cancer or bone metastases. A series of
new radioactive substances were acquired after the
discovery of cyclotron in the beginning of 1940. In
1941, patients were already treated with radioac-
tive iodine (*31).

Real progress in the medical application of ra-
dioactive substances was achieved by researchers
in the fifties with the development of the tech-
netium generator and gamma cameras (Hala O.
Anger, 1956). Gamma cameras follow the motion
of radioactive substances in the body so that blood
flow can be seen and the observation of kidney,
thyroid gland or liver functioning becomes pos-
sible. Gamma cameras were the first step in the
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development of tomographic techniques for scan-
ning the human body. New radioactive markers
for studying the liver, brain and lungs and radio-
active-labelled antibodies were introduced. In the
1970s, measurements of thyroid hormones, insulin,
cortisol and pituitary hormones by radioimmune
methods were performed.

In hospitals, departments for radionuclide di-
agnostics were set up, and clinical activity was
introduced. Nuclear medicine imaging techniques
gradually enabled the localization of tumours, in-
active tissues in organs and the estimation of the
functional capacity of organs. Diagnostics were
constantly changing by combining these investi-
gations with classic methods, and more efficient
computers also made a difference. In the 1980s,
monoclonal antibodies were introduced. They
are useful for discovering cancer cells and for the
follow-up of cancer. In the beginning of the 21+
century, nuclear medicine is opening new chap-
ters in the diagnostics and treatment of different
diseases. Thanks to nuclear medicine, a virtual
presentation of organic systems at the molecular
level, better knowledge about body functions and
a better understanding of diseases and treatment
have become possible.

Nuclear medicine in Slovenia

The beginnings of nuclear medicine in Slovenia
date back to 1952, when the JozZef Stefan Institute
(JSI) and the Society for Natural Sciences prepared
the first lectures for physicians about the applica-
tion of radioactive isotopes in medicine and later
the JSI offered practical courses on working with
isotopes. In 1954, Dr Joze Satler (1919-1993) was
the first specialist in Slovenia to use radioactive
B3] for thyroid gland investigations at the Internal
Clinic in Ljubljana. He measured the uptake of 3!
in the thyroid and '*'I in the urine of three patients
with thyroid disease and one healthy volunteer. In
the fifties, orthopaedist professor Bogdan Brecelj
(1906-1986) treated ankylosing spondylitis at the
Orthopaedic Clinic in Ljubljana with the isotope
of thorium (***Th).? Between 1954 and 1960, the
pioneers of nuclear medicine in Slovenia intermit-
tently used '*'I and *?P. Until 1960, when the first
laboratory for the needs of nuclear medicine in
Ljubljana was built in the backyard of Sentpeter
barracks at the Medical Faculty, they didn’t have
their own working space.

In 1955, the nuclear medicine team was very
small and consisted of Dr Bojan Varl (1920-2002),
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who continued the work of Dr Satler, and the med-
ical technician Mirko Rozman. Dr Varl systemati-
cally introduced the activity of nuclear medicine in
improvised measuring rooms of the JSI. Later, Dr
Varl and the technician adapted different rooms at
the Internal Clinic and changed them into measur-
ing rooms. For nuclear medicine measurements,
the JSI loaned a Geiger-Miiller detector for in vivo
measurements with a binary and a decade impulse
measuring device. In 1954, this detector was re-
placed by a detector with a scintillation crystal; the
Geiger-Miiller tube for the measurement of liquid
radioactivity was in use until 1960. They performed
the test of 3] uptake in the thyroid gland, the two-
phase radioiodine test and manual scanning of the
thyroid gland. For the first time, they measured the
volume of blood and erythrocytes with 32P. 3P was
also used for the treatment of polycythaemia ru-
bra vera and chronic lymphocytic leukaemia. The
first radioiodine resections of hyperthyroid goitres
were also performed using !I. The first reports
on the results of nuclear medicine diagnostics and
treatment were published in 1956, 1958 and 1960.

In 1955, nuclear medicine activity also began
at the Institute of Oncology in Ljubljana. Dr Leo
Savnik (1897-1968) treated some patients with
ovary carcinoma with intraperitoneal injections
of colloid gold (*®Au-colloid). In 1957, Dr Stojan
Plesnicar began diagnosing and treating thyroid
cancer with radioactive iodine. When introducing
radionuclides into research, diagnostics and treat-
ment they had to combine and rationalize their
efforts. Therefore, in 1957, the Republic’s Centre
for the use of Radioactive Isotopes in Medicine
was established. The Centre was composed of
the Institute of Medical Sciences at the Slovenian
Academy of Sciences and Arts, the Internal Clinic,
the Orthopaedic Clinic, the Institute of Oncology,
the Institute of Pathophysiology and the Institute
of Physics at the Medical Faculty of Ljubljana.?

In 1959, the Base Laboratory for work with
isotopes was built in Ljubljana. It was situated
in the extension of the éentpeter barracks, where
the Institute of Oncology also had its rooms. It
was opened in February 1960. But it was only re-
ally the radiological and isotopic department of
the Institute of Oncology, managed by Professor
Marjan Erjavec, and the radioisotopic labora-
tory of the Internal Clinic that actually operated.
In the 1950s, several experiments with thorium-
X were performed and later abandoned at the
Clinic for Orthopaedics. In 1957, at the Institute of
Pathophysiology at the Medical Faculty, experi-
ments in which sodium (**Na) and potassium (*?K)

ions travelled across cell membranes were begun.
These studies were later carried out in their own
laboratory.

At the Radioisotopic Laboratory of the Internal
Clinic, the permanent medical staff consisted of
two internal medicine residents, three technicians
and a nurse. The Laboratory gradually adopted es-
sential nuclear medicine equipment: scintillation
detectors with electronic counters and printers for
in vivo clinical studies, a manual scintillation de-
tector with a borehole, a multi-tube Geiger-Miiller
counter for measurement of radioactivity of urine
and faeces in resorption studies, a scanner for elec-
trophoretic and chromatographic bands and, fi-
nally, an automatic system for the scintigraphy of
organs and for the automatic measurement of gam-
ma radioactivity of liquids. Work has progressed
especially since 1962 when the device Nuclear
Chicago was acquired. The work of the laboratory
was expanded and since 1967 when the Renalthron
was purchased, the number of renal examinations
increased remarkably.*

The main activity of the Radioisotopic
Laboratory was clinical and outpatient thyroidol-
ogy. They performed the two-phase radioiodine
test, manual and automatic scanning of the thyroid
gland, the TRH test, the suppression test and the
treatment of hyperthyroidism with radioiodine. In
that period they also introduced to standard labo-
ratory work haematological examinations with
chromium - %!Cr and iron - *Fe, radionephrogra-
phy with hippuran ¥, functional examinations of
liver with colloid gold — ®Au and Rose Bengal '],
scintigraphy of the liver with ®®Au, scintigraphy of
the pancreas with selenium — Se-methionin and
scintigraphy of the spleen with erythrocytes — >Cr.
Blood volume and the lifetime of erythrocytes were
measured with autologous >'Cr erythrocytes, and
at the same time, the splenohepatic index was de-
termined. In that period, the first measurements of
fat absorption (**I-olive oil) and vitamin B,, were
performed and the determinants of iron metabo-
lism were established.

From the start, the annual number of examina-
tions and therapeutic applications rose rapidly.
In 1958, all the members of Ljubljana’s centre ap-
plied radioactive isotopes for diagnostic or treat-
ment purposes to only 140 to 150 patients. In 1964,
the Radioisotopic Laboratory alone performed
1,750 examinations.* In 1968, the laboratory was
renamed the Radioisotopic Department of the
Internal Clinic. The rapid development of nuclear
medicine after 1968 brought a new quality of work
and new examinations. This period was marked
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by the introduction of new radiopharmaceuticals
labelled with *=Tc, the scintillation gamma cam-
era and computer management of biomedical
data from the gamma camera, inclusion of medi-
cal technologists and specialists in nuclear medical
work. Organothropic indicators labelled with *™Tc
replaced medium-lived indicators, which are more
toxic and have a higher energy. New indicators
enabled the development of functional investiga-
tions with the possibility of computer processing:
in gastroenterology the work was taken over by
Janez Sustarsi¢, in nephrology by Boris Kastelic, in
haematology by Natasa Budihna, in pulmonology
by Jurij Sorli, in neurology by Franc Hrastnik and
in cardioangiology by Miran Porenta. In haemody-
namic investigations xenon **Xe became an impor-
tant radionuclide.?

The gamma camera with a processor or with a
mini-computer system enabled the development
of demanding investigations, such as the meas-
urement of the regional functioning of the lungs,
heart, liver and kidneys. They used organ scanning
methods in a certain selective physiological phase,
methods of filtering unwanted structures in radio-
isotopic pictures and subtraction methods. With
the multi-tube device it was possible to measure
the minute heart volume, hippuran kinetics and
the velocity of changes in other substances in dif-
ferent organs. In 1970, 7,500 examinations were
performed in two chemical laboratories, three
measuring rooms, one outpatient department and
one haematological laboratory at the Radioisotopic
Department.

In 1972, the method of sequential brain angi-
oscintigraphy was introduced. The method ena-
bled the estimation of the vascularization of path-
ological processes in the brain. In the case of the
occlusion of large neck or intracranial arteries, they
could detect the decreased level of radioactivity in
the affected vascular region. This made possible
the distinction between vascular and expansive
brain processes.®

In 1968, the internists and in 1970 the
Radiological Department moved from the Institute
of Oncology and only the Isotopic Unit of the
Institute of Oncology, known as Izotopi, remained
in the rooms of the Base Laboratory. In the 1970s,
when other laboratories in Slovenia performed the
above examinations, the Isotopic Unit continued
its pioneering work. The specialities of this unit,
under the guidance of Professor Marjan Erjavec,
were: the introduction of new radiopharmaceuti-
cals for bone scintigraphy, the development of new
methods such as skin-vein graft perfusion scin-
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tigraphy, and the development of computer pro-
grams for the analysis of scintigrams.*

In 1968, the pioneering work was finished and
the development of nuclear medicine departments
in general hospitals outside Ljubljana began — first
in Slovenj Gradec (1961) and Celje (1968). In the
1970s, the hospitals in Maribor, Izola and gempeter
pri Gorici also acquired their own radioisotopic
units.*

Progress was made in Ljubljana too. In 1971, the
Radjioisotopic department moved to the fifth floor
of the new building at the Medical centre (MC). It
became organizationally independent and in 1972
was renamed the Institute of Nuclear Medicine.
In 1973, the Institute moved to its own rooms on
the ground floor of the new MC and was again re-
named the Clinic of Nuclear Medicine, the present-
day Department of Nuclear Medicine.

Nuclear medicine in Slovenian
hospitals

Experts from the Clinic of nuclear medicine had
a professional impact on the development of nu-
clear medicine in all of Slovenia. At the nuclear
medicine unit in Slovenj Gradec General Hospital,
the pioneer of nuclear medicine was Professor Ivo
Raisp (1926-2009), who started performing thyroid
gland examinations with radioactive iodine.® He
measured the uptake in the thyroid gland and the
radioactivity of urine in different time intervals
following ingestion of the test dose of *!I-sodium
iodide. With the new machine acquired in 1968, di-
agnostics were started. In 1984, a team of 6 people
performed 1,446 in vivo examinations, 7,212 in vitro
examinations and treated 10 patients with radioac-
tive iodine. At the nuclear department of the Centre
for treatment of internal, infectious and skin dis-
eases at Celje General Hospital, regular work in the
newly built Laboratory for nuclear medicine began
in 1968 under the direction of primarius Franc
Fazarinc. In 1975 they bought a three-tunes device,
used mainly as a renograph. Later this device be-
came a constituent element of the equipment of
numerous laboratories for nuclear medicine in the
former Yugoslavia. The next developmental step
was connected with the purchase of a gamma cam-
era DYNA 11/4 with a computer. In 1984, a team of
15 workers performed 5,995 in vivo examinations,
43,669 in vitro examinations and 17 patients were
treated with therapeutic doses of radionuclides.* In
Maribor General Hospital, a radioisotopic labora-
tory was opened in 1973 at the department of inter-
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nal medicine. The new profession was introduced
by Dr Rudi Turk and his five co-workers.” In 1984,
14 co-workers performed 9,731 in vivo examina-
tions, 16,978 in vitro examinations and treated 36
patients with therapeutic doses of radiopharma-
ceuticals.* The nuclear medicine unit in Izola began
work in 1974. In a small space they had a common
working room, an outpatient department, a “hot
laboratory”, two measuring rooms for in vivo in-
vestigations and a room for the application of radi-
opharmaceuticals and radiochemistry. Alongside
Dr Andrej Malej, the unit also employed five tech-
nical co-workers on the day of opening. The unit
was visited on a weekly basis by professor Erjavec
from Ljubljana and primarius Fazarinc from Celje.
In 1984, the team comprised eight people who per-
formed 3,110 in vivo examinations, 6,159 in vitro
examinations and eight patients were treated with
therapeutic doses of radioiodine. In the General
Hospital in Sempeter pri Gorici, the founder of
the department for endocrine diseases and nuclear
medicine was Dr Bogdan Gornjak, who in 1974 (in
Ljubljana) completed the first postgraduate course
in nuclear medicine. The unit had a four-channel
device, soon they acquired a semiautomatic meas-
uring tool, the AMES-Gamacord 1l and in 1975, the
Nuclear Chicago. Besides renographies, they also
performed scintigraphy of the thyroid gland, kid-
neys and liver. In 1984, six co-workers of the de-
partment performed 2,042 in vivo examinations,
3,521 in vitro examinations and 11 patients were
treated with therapeutic doses of radioiodine.

Nuclear medicine at the
University Medical Centre
Ljubljana

In 1973, the Clinic of Nuclear Medicine had nine
internal medicine specialists, nine biotechnicians
and 16 technical assistants. There were three ra-
diochemistry laboratories with an annual capacity
of 20,000 competitive radiochemical investigations
and five measuring rooms for in vivo measure-
ments, in which 10,000 patients were examined
yearly. They performed static and dynamic scinti-
graphies with quantitative computer-assisted data
analysis.*

For in vivo investigations, in 1973, they had two
gamma cameras directly connected to the com-
puter, a device for kidney and liver examinations
and an automatic system for the measurement of
liquid radioactivity. During the same year, they
started measurements of the regional brain blood

flow; this was possible because they had computer
equipment for processing scintigraphic data. The
method was based on the quantitative measure-
ment of clearance of 1**Xe, injected into the internal
carotid artery, from the brain. The investigation
was connected with the carotid angiography. In
the cysternography, irregularities of the cerebro-
spinal liquid flow were measured. The examina-
tion was performed with the application of tech-
netium, bound to human serum albumin, injected
into the lumbar spine channel. On the scintigrams,
the distribution of radioisotope in the liquor space
in the brain was observed at appropriate time in-
tervals.®

Nuclear medicine also spread to pulmonology:
perfusion lung scintigraphy, performed with a
scanner after the application of a macrocolloid of
iron hydroxide, labelled with an Indium isotope
3mln, was replaced by perfusion photoscintigra-
phy on the gamma camera following the applica-
tion of colloid particles of human serum albumin,
labelled with *™Tc. They also introduced the study
of lung ventilation with 1¥mXe and the computer-
performed examination of regional ventilation and
perfusion.

Nuclear medicine was also introduced into car-
dioangiography. A few methods with a low clini-
cal value were developed due to insufficient equip-
ment. Computer systems acquired later enabled
the representation of heart cavities and large ves-
sels, the calculation of the passage of an indicator
through the heart cavities and a presentation and
validation of left ventricle contractility. They also
adopted radioisotopic coronarography and myo-
cardium scintigraphy. Radioisotopic venography
became a standard method for the detection of
phlebothrombosis, while simultaneous lung scin-
tigraphy enabled detection of pulmonary embo-
lism.?

Investigation of hepatobiliary secretion with 131
Rose Bengal rendered possible the distinction be-
tween intra- and extrahepatic cholestasis. The in-
troduction of the radiopharmaceutical *Tc Solco
HIDA and computer analysis of the measured data
from the gamma camera made it possible to deter-
mine indicators of tracer transport in several liver
regions and in the intrahepatic and extrahepatic
bile ducts. Contrast sharpness on the photoscinti-
grams of the liver (and lungs) has improved with
computer scintigraphy in the inspiration and expi-
ration phases.

Looking further into the past, in 1968, routine
pancreas diagnostics with 7°Se-methionin were al-
ready being performed. From the very beginning,
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the dual radioisotopic technique ("Se-methionin
and “Au-colloid) and the graphic subtraction of
scintigrams was used. Using these radiopharma-
ceuticals for liver scintigraphy and with the pos-
sibility of computer analysis of scintigrams, the
method was improved, enabling morphological
and functional evaluation of the pancreas.

Functional tests of the urinary system have
been performed since 1962. First, radioisotopic
nephrography with B! hippuran for differential
evaluation of individual kidney function was in-
troduced. In 1965, it was joined by kidney scan-
ning for localisation diagnostics. From 1962 to
1965, the effective plasma flow in kidneys was
semiquantitatively evaluated during nephro-
graphic investigations, with measurements of
decreasing radioactivity over the precordium (re-
tention index of 'I hippurane). In 1965, the evalu-
ation became quantitative (total clearance of I
hippurane), when the quantitative measurement
of glomerular filtration (*!Cr-EDTA clearance) was
introduced. Both clearances were performed after
a single intravenous injection of the test substance
and the catheterization of the urinary bladder was
unnecessary. Amongst the first investigations on
the gamma camera in 1972, sequential kidney scin-
tigraphy was introduced for the combined diag-
nostics of focal and segmental kidney diseases, for
the evaluation of vesicoureteral reflux and for the
radioisotopic angiography of kidneys. Between
1976 and 1977, the computer system for the analy-
sis of measured data from the gamma camera was
improved, enabling an automatic and reliable cal-
culation of the total clearance and of the single
clearance of "!'I-hippurane for each kidney. The
results of separate renal clearances and plasma
renin activity in the renal vein of a single kidney,
both introduced in 1975, became important indica-
tors of renal function and decisive factors in the
indication of surgical treatment for renovascular
hypertension.?

Already at the Clinic’s previous location, dif-
ferent substances (mainly hormones) were being
measured with analytical methods using radioac-
tive isotopes and by labelling substances with ra-
dioactive isotopes for the preparation of indicators,
used for in vivo investigations. In the first years of
the Clinic’s existence, they were mainly determin-
ing thyroid hormones using paper chromatogra-
phy, ionic-exchanging bitumen and dialysis for the
separation method and ¥ as a radioactive isotope.
Competitive radioimmunomethods enabled the
determination of the following substances: thyrox-
ine (1969), insulin (1969), cortisol (1971), growth
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hormone (1971), gonadothropins (1972), angi-
otensin (1973), vitamin B12 (1973), Australia anti-
gen (1974), aldosterone (1974), testosterone (1975),
ACTH (1975), TSH (1975), triiodothyronine (1975),
prolactin (1975), C-peptide (1976), digoxin (1977)
and progesterone (1977).°

The radioisotopic determination of plasma hor-
mones enabled clinical endocrinology to make tre-
mendous progress. The determination of plasma
hormones in basal conditions and after the stimula-
tion or suppression of the endocrine glands or the
hypothalamic-pituitary system made possible the
detection and determination of endocrine gland
diseases in the latent and manifest phases.

Thyroid scintigraphy and scintigraphy of the
adrenal glands in basal, stimulative and suppres-
sive conditions enabled the morphological diag-
nosis of the process. Nuclear medicine technology
mastered endocrinology because it was able to
provide objective data about the functioning and
morphology of glands.

In 1972, a two-semester postgraduate study of
nuclear medicine was introduced at the Department
of Nuclear Medicine. In 1974, the course was com-
pleted by 10 students.® This programme is being
carried out to this day.

In 1975, the clinic had 37 employees. In the same
year, the number of in vivo investigations was re-
duced from 10,000 to 8,100 and the number of in vit-
ro investigations from 20,000 to 10,000 per year due
to lack of space. In the basement of the Outpatient
Department, the Department for Thyroid Diseases
was set up and in 1978 it evolved into a separate
department for outpatient activities with 14 rooms.
The Clinic for Nuclear Medicine had three units:
the Department for Nuclear-medicine Chemistry,
the Department for Nuclear Medicine and the
Department for Thyroid Diseases and Nuclear-
medicine Endocrinology.

In the 1980s, the Department of Nuclear-
medicine Chemistry, managed by chemist Dr
Silvester Kladnik (born 1942), annually performed
144,000 investigations. The Department of Nuclear
Medicine, which performed the whole diagnostic
programme in the field of functional imaging diag-
nostics of the brain, bones, lungs, heart, liver and
kidneys, annually performed 5,400 diagnostic in-
vestigations under the guidance of Dr Jurij Fettich
(born in 1951) in the same period. The Department
for Thyroid Diseases and Nuclear-medicine
Endocrinology, which performed outpatient dis-
pensary work for the entire Ljubljana region, per-
formed 20,000 patient examinations in the year
1987 under the guidance of Professor Sergej Hojker
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(born in 1949).° In that period, the head of the clinic
was Professor Miran Porenta (born in 1936).

In 1988, the hospital department of the
University Clinic of Nuclear Medicine was opened
on the third floor of the Medical Centre. It had six
beds for patients with thyroid diseases. The aver-
age percentage of occupied beds was 68.3%. The
Clinic employed 54 professionals and others, in-
cluding six Masters of Science, three Doctors of
Science, two Medical Faculty employees and one
chemical technician on probation.

In the 1980s, the Department of Nuclear Medicine
reached its present state, in which progress in the
profession is no longer displayed through growth
in the number of diagnosed and treated patients,
but in the introduction of new diagnostic and ther-
apeutic methods, which are not accessible to other
medical branches.

In the beginning of the 1990s, the clinic followed
European trends, abandoned out-of-date inves-
tigations and introduced new ones. From 1987 to
1991, the number of planned brain scintigrams
decreased from 523 to 83 due to the new nuclear-
medicine investigation for regional blood-flow, ul-
trasound and computer tomography. In the same
period, the use of radioactive xenon increased.
From 1987 to 1989, the number of brain blood-flow
investigations increased from 195 to 358. Methods
from the early days of nuclear-medicine cardiology
such as the estimation of transit times and radio-
isotopic coronarography were abandoned. Once
popular, radionuclide ventriculography decreased
markedly due to ultrasound methods. On the con-
trary, the number of investigations for the estima-
tion of heart muscle perfusion — thallium myocar-
dium scintigraphy — rapidly increased. In 1987, 268
examinations were performed, whereas in 1991,
there were 504 examinations. According to the
population morbidity, these numbers could have
been higher, but there were limitations in purchas-
ing radioactive substances. Thyroid scintigraphy
with 3] was almost abandoned due to the disad-
vantageous physical characteristics of this isotope
and replaced by scintigraphy with *™Tc and ultra-
sonography. The number of nuclear-medicine in-
vestigations in children has increased. Of all inves-
tigations in Slovenia, 67% were performed at the
Department of Nuclear Medicine.!

In October 1998, the renovated tract of the
Department for Nuclear Medicine Diagnostics
was opened. In 2011, the clinic under the guidance
of Professor Sergej Hojker consists of the follow-
ing wards: the Department for Nuclear Medicine
Diagnostics, the Department for Thyroid Diseases,

the Department for Radiopharmacy and the
Department for Clinical Radiochemistry.

In 2003, 8,047 scintigraphic investigations were
performed in the clinic, 1,468 of them bone scin-
tigraphies. Approximately one third of the inves-
tigations were performed on patients who were
in the diagnostic procedure because of cancerous
diseases. Out of 6,667 patients who were examined
for the first time because of thyroid disorders, the
fine needle aspiration biopsy and cytologic analy-
sis was needed in 1,326 patients, among which 49
had cancerous changes.!

In 2006, 9,276 scintigraphies were performed
at the Department of Nuclear Medicine. These
included 1,616 bone scintigraphies, 1,054 lung
scintigraphies, 1,152 different myocardium scinti-
graphies, 868 different kidney scintigraphies. The
activities of the Department for Thyroid Diseases
included 6,973 first examinations, 6,638 control
examinations, 2,654 triages, 2,936 consultations,
3,122 thyroid scintigraphies, 7,854 thyroid ultra-
sound investigations, 1,399 ultrasound-guided
thyroid biopsies and approximately the same
number of cytological analyses. Around 700 pa-
tients were treated with radioiodine and 13 pa-
tients were treated with yttrium injection into the
joints. The Department for Radiopharmacy and the
Department for Clinical Radiochemistry prepared
radiopharmaceuticals for the execution of different
scintigraphic investigations and for treatment with
radiopharmaceuticals. They performed 226,958
laboratory measurements of which the following
were the most significant: TSH and thyroid hor-
mones - 81,435, antibodies TPO - 8,960 and anti-
bodies Tg - 9,252, thyroglobulin — 5,930, neo TSH
— 19,765 and PKU neo - 20,780, measurements of
parathormone - 7,017, cyclosporine — 8,425 and
cortisol — 4,992. At the clinic, intensive scientific-
research work is performed. In the period between
1996 and 2006 alone, around 250 articles were pub-
lished in significant journals and have often been
cited. The clinic leads national research projects,
cooperates in international research projects and
introduces new methods of work into the profes-
sion. Additionally, it takes part in university teach-
ing, holding lectures, seminars and training in
graduate and postgraduate studies. Almost every
year, a postgraduate course in nuclear medicine for
physicians, pharmacists, chemists, medical physi-
cists and graduates from the high school for health
and engineers of radiology is held. Staff also lec-
ture elsewhere. They published a Slovene textbook
for health schools Internal diseases,'?> which has been
reprinted six times. They have also published con-
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tributions in the Slovene textbooks Endocrinology,'
Internal medicine'* and Transplant activity — a donor
programme.'> They also participate as members of
editorial boards of the national journal Radiology
and Omncology and of various international jour-
nals: Nuclear Medicine Communications, International
Journal of Nuclear Medicine, World Journal of Nuclear
Medicine and Hellenic Journal of Nuclear Medicine.

In recent years, besides the SPECT (single pho-
ton emission computed tomography) method,
which is combined with CT, positron emission
tomography (PET) has also been available which
may also be combined with CT (PET-CT).’* In
Slovenia, we have currently two PET-CT machines
(at the Institute of Oncology and at the Department
of Nuclear Medicine at the University Medical
Centre in Ljubljana). By using short-lived isotopes,
accumulated in the metabolically active tissue,
they enable the early diagnosis of malignant and
other diseases and also enrich cardiovascular diag-
nostics. Combined with CT, it allows for the acqui-
sition not only of functional but also of excellent
anatomical information.

With the development of new radiopharmaceu-
ticals, which bind to specific receptors and to spe-
cific antigens, the determination of tissue nature or
pathological processes is possible. In this way nu-
clear medicine has become more precise. In recent
years, the use of radiopharmaceuticals for the treat-
ment of malignant diseases, especially lymphomas,
neuroendocrine tumours, bone metastases and
also for the treatment of rheumatological diseases
(such as radiosynovectomies) is increasing. One of
the latest discoveries in the field of treatment with
radiopharmaceuticals is the use of alpha emitters,
which achieve the effect inside the target cell.

Conclusions

Half a century of development of nuclear medi-
cine has firmly established its status as a branch of
medicine with its own processes of diagnostics and
treatment. Its past development has been rapid and
itis likely that the future will bring new discoveries
leading to new methods of work, new equipment,
and therefore more effective and safer diagnostic
and therapeutic approaches. Likewise, through
further education and the acquisition of new
knowledge, medical staff will provide the highest
possible support in the treatment of patients.
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Prikaz anatomije zobne pulpe ¢loveskega zoba s 3D
magnetno resonanéno mikroskopijo

Sustercic D, Sersa |

Izhodisca. za uspesno endodontsko zdravijenje zob je izrednega pomena natanéen prikaz zobne pulpe. Z obi¢ajnim
rentgenskim slikanjem dobimo klini€no zelo omejeno in nepopolno sliko anatomije zobne pulpe, zato nujno potrebuje-
mo natancnejso radiolosko metodo. V raziskavi smo poskusili oceniti moznost uporabe 3D magnetnoresonancne (MR)
mikroskopije za natancnejsi prikaz anatomije zobne pulpe.

Materiali in metode. Slikali smo dvaijset ekstrahiranih &loveskih zob z MR mikroskopijo gostote magnetnega polja 2,35T.
Uporabili smo slikovno metodo 3D slikanja s spinskim odmevom, ki je omogocala MR slikanje z izotropno locljivostjo 100 um.
Prostorski pogled anatomije zobne pulpe smo dobili s pomocjo digitalne obdelave 3D slik s programom ImageJ (NIH).

Rezultati. 7 MR mikroskopijo v magnetnem polju gostote 2,35 T smo dobili natan&ne slike anatomije zobne pulpe in
vitro. Meritve smo prikazali kot zaporedije tankih 2D rezin skozi zobno pulpo v razli¢nih orientacijah, poleg tega smo
izracunali 3D poglede zobne pulpe z razlicnih gledis¢. 1z zaporednih 2D slik smo lahko le priblizno ocenili anatomijo
zobne pulpe in potek koreninskih kanalov, medtem ko je bil prikaz anatomije veliko bolj natancen iz izracunanih 3D
pogledov. Ti so jasno prikazali pulpne divertikle, Stevilo koreninskih kanalov in njihove anastomoze.

Zakljucki. V predstaviieni in vitro $tudiji smo potrdili, da lahko z MR mikroskopijo zelo natanéno prikazemo 3D ana-
tomijo zobne pulpe in potek koreninskih kanalov. Morebitna prihodnja uporaba te metode in vivo lahko pomembno
izboljsa uspesnost endodontskega zdravljenja.

Radiol Oncol 2012; 46(1): 8-18.
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Spremenljivost ocen pri posamiénih ocenjevalcih
in med njimi ob merjenju tarénih sprememb pri
izvidih, kjer so upostevali kriterije RECIST 1.1

Muenzel D, Engels HP, Bruegel M, Kehl V, Rummeny EJ, Metz S

IzhodisCa. V onkoloskih kiini¢nih raziskavah obi¢ajno ocenjujemo ucinkovitost zdravijenja z zaporednimi merjenii
spremembe velikosti tumorja glede na kriterije RECIST. Namen pricujocCe klinicne raziskave je bil ugotoviti spremen-
livost ocen pri merjenju tarénih patoloskih sprememb, ki so nastale pri od¢itavaniju, kakor tudi ugotoviti, kako vpliva
spremenljivost na nadaljinjo obravnavo.

Bolniki in metode. V raziskavo smo vklju&ili 20 onkoloskih bolnikov, ki so na 64-rezinskem aparatu raéunalniske
tomografije (CT) opravili preiskavo prsnega kosa ali zgornjega in spodnjega frebuha. Velikost tarénih sprememb so
merili Stije neodvisni ocenjevalci ob zacetnem in kontrolnem CT pregledu po kriterijin RECIST 1.1. Uporabljali so sistem
PACS ("Picture Archiving and Communication System") in sistem LMS ("Lesion Management Solutions, Median fe-
chnologies"). Spremenljivost meritev z uporabo programov PACS ali LMS smo ocenili po metodi Blanda in Altmana.
Spremenljivost ocen pri posamicnih ocenjevalcih in med njimi smo izracunali za posamic¢no spremembo in za celotno
oceno odgovora na zdravljenje. Prav tako smo izracunali Cas, ki je bil potreben za posamicni primer.

Rezultati. Za posamezne patoloske spremembe je bila srednja vrednost spremenljivosti ocen pri posamiénih ocenje-
valcih med 4,9 in 9,6% (povprecno 5,9%), srednja vrednost spremenljivosti ocen med ocenjevalci pa je bila med 4,3
in 11,4% (povprecno 7,1%). Upostevali smo Cas, ki je bil potreben za oceno, razlicne slikovne sisteme in ocenjevalce.
Spremenljivost ocen vsote najdalj§in premerov, nujne za opredelitev celotnega odgovora na zdravlienje, je bila 24%.
Ocena odgovora na zdravljenje se v primeru posamicnega ocenjevalca ni ujemala v 6,3%, v primeru razlicnih ocenje-
valcev pa se ni uiemala v 12%. Povprecni Cas, potreben za oceno slik, je bil ob prvem pregledu in ob uporabi sistema
PACS 286 s, ob uporabi sistema LMS pa 228 s. Cas se je skrajsal na 267 sin 196 s ob sledenju bolezni.

ZakljuEki. Enodimenzionalne meritve tarCnih patoloskih sprememb kazejo majhno spremenljivost ocen pri posa-
micnih ocenjevalcih in med njimi. Ugotavljamo pa veliko spremenljivost pri ocenjevanju vsote najdalj§in premerov. To
nakazuje moznost napacne opredelitve celotnega odgovora na zdravijenje glede na kriterije RECIST 1.1. Ponovljivost
ocen bi lahko izboljsali, Ce bi meritve pri posami¢nem bolniku naredil isti ocenjevalec ali Ce bi upostevali povprecje
meritev vec izvajalcev. Cas, potreben za oceno velikosti patoloskih sprememb, smo z uporabo prilagojene program-
ske opreme skrojsali za 27%.
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Perkutane CT vodene biopsije pljuénih lezij -
primerjava tankoigelnih in histoloskih biopsij
Besli¢ S, Zuki¢ F, Milisi¢ S

Izhodisca. Namen retrospektivne raziskave je bil primeriati rezultate in mozne zaplete CT vodenih biopsi pliuénih lezi,
narejenimi s tankimi (citoloskimi) in debelimi (histoloskimi) punkcijskimi iglami.

Bolniki in metode. Pri 242 bolnikih (166 moskih in 76 Zensk) povpre&ne starosti 58,9 let (13 — 84 let) smo naredili CT vo-
deno biopsijo pliucne spremembe na dvorezinskem aparafu CT (Emotion Duo, Siemens, Erlangen). Povprecni premer
punktirane spremembe je bil 2,9 cm (1,2 - 6,3 cm). Pri tankoigelni biopsiji smo uporabili igle Chiba premera 20 — 22G,
za histolosko biopsijo pa igle premera 14G. Naredili smo primerjavo patohistoloskih rezultatov punkcij in morebitnih
zapletov ob razli¢nih punkcijah.

Rezultati. Vzorci tankoigelnih biopsij so bili ustrezni za dokon&no citolosko diagnozo pri 117 bolnikih (79,60%) in neu-
strezni pri 30 bolnikih (20,40%). Vzorci odvzeti s histoloskimi iglami so bili ustrezni pri 92 (96,85%) bolnikih in neopredelieni
le pri 3 (3,15%). V raziskavi je bil pnevmotoraks najpogostejsi zaplet. Po biopsiji s tanko iglo smo ga ugotovili pri 14 (9,7%)
bolnikih in po punkciji s histolosko iglo pri 30 (31,5%) bolnikih.

Zakljuéki. Rezultati nase raziskave poftrivjejo perkutano CT vodeno biopsijo pliucnih lezij kot uc€inkovit in zanesljiv
poseg v diagnostiki pliucnih sprememb. S histolosko biopsijo z debelo iglo smo odvzeli visji odstotek ustreznih biopsijskin
vzorceyv in ji dajemo prednost pred tankoigelno citolosko biopsijo kljub nekoliko vecjemu odstotku zapletov.

Radiol Oncol 2012; 46(1): 23-27.
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Ponovitev invazivnega lobularnega raka dojke pri
bolnici z rupturo implantata dojke

Botros M, Chang K, Miller R, Krishnan S, lott M

Izhodisca. Vrsto let smo invazivni lobularni rak dojke zdravili z mastektomijo, ker ni bilo dovolj klinicnih raziskav, ki bi
pokazale uspesnost ohranitvenega zdravljenja tak$nega raka. V clanku prikazujemo klini¢ni potek pri bolnici, ki smo jo
obravnavali zaradi invazivhega lobularnega raka dojke.

Prikaz primera. V desni dojki smo 50-letni bolnici ugotovili invazivni lobularni rak s stadijem IIB (T2NTMO) ter pozitiv-
nimi estrogenskimi in progesteronskimi receptorji. Naredili smo modificirano radikalno mastektomijo desne dojke in
profilakticno enostavno mastektomijo leve dojke ter obojestransko plasticno rekonstrukcijo. Zdravljena je bila tudi s
pooperativho kemoterapijo, nato je prejemala tamoksifen. Po 12 lefih smo odkrili rupturo implantata desne dojke in
lokalno ponovitev bolezni ter oddaljene zasevke. Zdravili smo jo s paliativnim obsevanjem in paliativno kemoterapijo.
Bolnica je umrla zaradi razsirienega raka dojke manj kot leto dni po ugotovijeni ponovitvi bolezni.

Zakljuéki. To je po nasih podatkih prvi opis rupture implantata dojke, ki smo jo ugotovili hkrati s ponovitvijo raka
dojke.
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LaZno pozitivni privzem radioaktivnega J-131 v
tujkovem granulomu lokaliziranem v glutealnem
masceviju

Gultekin SS, Dilli A, Arikok A, Bostanci H, Hasdemir AO

IzhodiS¢a. Namen skeniranja celotnega telesa z radioaktivnim J-131 je iskanje funkcionalnih ostankov ali zasevkov
$Citnicnega tumorja. Pri skeniranju celotnega telesa lahko pri nekaterih bolnikih ugotovimo lazno pozitivno kopicenje
radioaktivnega J-131 v podrocjih fizioloskega privzema ali na atipicnih mestih.

Prikaz primera. Zaradi papilarnega 3&itniénega karcinoma smo pri 54 let stari Zenski naredili totalno tiroidektomijo.
Po zdravljenju je skeniranje celotnega skeleta z radioaktivnim J-131 pokazalo kopi¢enje v zgornjem posterolateralnem
predelu glutealne regije. Rezultati Dopplerske ultrazvo&ne preiskave, slikanja z magnetno resonanco ter histopatolo-
Ske analize odstranjenih lezij so pokazali tujkov granulom.

Zakljuéki. Da bi preprecili nepotrebno zdravljenje, je potrebno nepricakovano kopicenje J-131 potrditi z drugimi
slikovnimi metodami. V negotovih situacijah pa je potrebno diagnozo, ¢e je to mogoce, postaviti s pomocjo histopa-
toloske analize odstranjenih tkivnih vzorcev.
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Dolocitev tumorigenih in metastatskih lastnosti
melanomskih celic SK-MEL28 po prezivetju
elektrokemoterapije z bleomicinom

Todorovi¢ V, Sersa G, Mlakar V, Glava¢ D, Cemazar M

IzhodisCa. Elekirokemoterapija je lokalna oblika zdraviienja, ki zdruzuje kemoterapijo in elektroporacijo.
Elektrokemoterapija je zelo ucCinkovito zdravljenje za histolosko razlicne podkozne tumorje. V nasprofju s kirurgijo in
obsevanjem ucinek elekirokemoterapije na zmoznost metastaziranja tumorskih celic ni poznan. Namen raziskave je
bil dolociti uCinek elektrokemoterapije z bleomicinom na zmoznost metastaziranja humanih melanomskih celic in vitro.
Materiali in metode. Celicam, ki so bile viabilne 48 ur po eletrokemoterapiji, smo dolocili sposobnost migracije in
invazije skozi porozne membrane, pokrite z Matrigelom. Poleg tega smo z analizo mikromrez in kvantitativho verizno
reakcijo s polimerazo v realnem casu dolocili spremembe v izrazanju genov po elekirokemoterapiji.

Rezultati. Sposobnosti migracije in invaziie melanomskih celic, ki so preZivele elekirokemoterapijo, se nista spremenili.
Po elektrokemoterapiji se je spremenilo izrazanje zelo majhnega stevila genov, povezanih z nastankom in razvojem
fumorjev.

Zakljucek. Nasirezultati kazejo, da se zmoznost metastaziranja humanih melanomskin celic po elekirokemoterapii
z bleomicinom ne spremeni, kar poftrjuje varno uporabo elekirokemoterapije v kliniki.
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Genetski polimorfizmi poti popravljanja napak na

DNA s homologno rekombinacijo v zdravi slovenski
populaciji in njihov vpliv na stopnjo poskodb DNA

Goricar K, Erculj N, Zadel M, Dolzan V

Izhodisca. Popravijanie s homologno rekombinacijo (HR) je pomemben mehanizem popravijanja dvojnin prelomov
verig DNA in vzdrzevanja genetske stabilnosti. Polimorfizmi v genih za encime, udelezene v tej poti, lahko vplivajo na
sposobnost popravljanja DNA. V nasi studiji smo Zeleli izbrati oznacevalne polimorfizme posameznih nukleotidov (SNP)
v specificnih genih, udelezenih pri HR, in doloCiti njihovo pogostnost v zdravi slovenski populaciji ter njihov vpliv na
stopnjo poskodb DNA, doloc¢eno s kometnim testom.

Materiali in metode. Pri 373 preiskovancih smo z uporabo kompetitivne alelno-specificne verizne reakcije s poli-
merazo (KASPar) dolocili devet polimorfizmov v treh genih: XRCC3 722C>T, XRCC3 -316A>G, RADS1 -98G>C, RADS1
-61G>T, RAD51 1522T>G, NBST 553G>C, NBS1 1197A>G, NBST 37117C>T in NBST 3474A>C. Na podskupini 26 preisko-
vancev smo izvedli kometni test za dolocitev vpliva izbranih polimorfizmmov na poskodbe DNA.

Rezultati. Starost je znacilno vplivala na pogostnost genotipov pri polimorfizmu XRCC3 -316A>G (P = 0,039) pri zdra-
vih moskih krvodajalcih. Polimorfizmi XRCC3 722C>T (P = 0,005), RADS1 -61G>T (P = 0,023) in NBST 553G>C (P = 0,008)
pa so statisticno znacilno vplivali na stopnjo poskodb DNA.

Zakljucki. Polimorfizmi XRCC3 722C>T, RADS1 -61G>T in NBS1 553G>C pomembno vplivajo na poskodbe DNA in bi
zaradi njihove pogostnosti v slovenski populaciji lahko imeli pomembno klinicho viogo.
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Analiza bolnikov z drobnoceliénim rakom pljuc
in mozganskimi zasevki v klini¢ni praksi
Leki¢ M, Kovac V, Triller N, Knez L, Sadikov A, Cufer T

IzhodiSCa. Delez drobnoceliénega raka med vsemi pliuénimi raki je 13-18%. To je najbolj agresivna oblika pliuénega
raka, napoved poteka bolezni je slaba. S sodobno kemo- in radioterapijo lahko podaljfamo srednje prezZivetie na
10-12 mesecev. Mozganski zasevki so pogosto prisotni Ze v Casu postavitve diagnoze. Ni povsem jasno, koliko taksni
zasevki vplivajo na izhod bolezni glede na bolnike, ki imajo zasevke v drugih organskih sistemih. Z retrospektivno raz-
iskavo smo zeleli ugotoviti srednje prezivetie bolnikov, ki so bili diagnosticirani in zdravljeni na Klinicnem oddelku za
pliu¢ne bolezni in alergijo Kliniki Golnik in so v Casu odkritja drobnoceli€nega raka pliu¢ Ze imeli moZganske zasevke.

Bolniki in metode. Pregledali smo medicinsko dokumentacijo vseh bolnikov, ki so imeli histolosko in/ali citolosko po-
trien drobnoceli¢nirak pljuc in so bili obravnavani na Klinicnem oddelku za pliucne bolezni in alergijo Golnik v obdobju
od 2002 do 2007. V retrospektivno raziskavo smo zajeli tiste bolnike, ki so bili primerni za specificno sistemsko onkolosko
zdravljenje in so imeli stanje splosSne zmodgljivosti po WHO (svetovna zdravstvena organizacija) od 0 do 2. Kemoterapijo
so prejemali na Kliniki Golnik, obsevani so bili na OnkoloSkem institutu Ljubljana, nato smo jih ponovno kontrolirali na
Klinicnem oddelku za pliucne bolezni in alergijo Golnik.

Rezultati. V raziskavo smo vkiju&ili 251 bolnikov. Povpreéna starost je bila 65 let, ve& je bilo moskih (67%), bili so ka-
dilci oz. bivsi kadilci (98%), vecina jih je bila z dobrim stanjem sploSne zmogljivosti od 0 do1 (83%). V Casu postavitve
diagnoze je bilo brez oddaljenih zasevkov 64 bolnikov (25,5%), oddaliene zasevke izven mozganov je imelo 153 bol-
nikov (61%), simptomatske mozganske zasevke, pofriene s CT preiskavo, pa je imelo34 bolnikov (13,5%). Bolniki so bili
zdravljeni po veljavnih smernicah, vsi bolniki z zasevki v mozganih so bili zdravljeni tudi s paliativnim obsevanjem glave.
Primarni tumor smo radikalno obsevali 27 bolnikom z omejeno obliko bolezni, ki so prejeli e 4-6 krogov kemoterapije.
Srednje prezivetje 34 bolnikov z mozganskimi zasevki je bilo 9 mesecev (95%, interval zaupanja [CI] 6-12), medtem ko je
bilo srednje prezivetje 153 bolnikov, ki so imeli oddaliene zasevke izven mozganov, 11 mesecev (95%, Cl 10-12). Razlika
v srednjem prezivetju med obema skupinama bolnikov ni bila statisticno pomembna (p = 0,62). Po nasih pricakovanijin
je bilo srednje prezivetje bolnikov brez oddalienih zasevkov pomembno boljSe v primerjavi z bolniki, ki so imeli v casu
postavitve diagnoze mozganske ali druge oddaliene zasevke (15 mesecev proti 9 oz. 11 mesecev, p<0,001).

Zakljucki. Bolniki z razirieno obliko drobnoceliénega raka pliué, ki so v Easu postavitve diagnoze imeli mozganske
zasevke, so bili v dobrem splosnem stanju zmogljivosti ter so bili zdravljeni s kemoterapijo in paliativnim obsevanjem
glave, niso imeli pomembno slabse srednje prezivetje kot bolniki z razsirieno obliko drobnocelicnega raka pljuc in brez
mozganskih zasevkov. Ob ustreznem zdravljenju prisotnost mozganskih zasevkov pri razsirieni obliki drobnocelicnega
raka pljuc torej ni napovedovala slabsega izhoda bolezni. Nasa raziskava ima poseben pomen, ker smo analizirali
bolnike, ki so bili zdravljeni v obicajni klini¢ni praksi.
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Manjse tumorsko breme in boljse celokupno
prezivetje pri bolnikih z melanomom, ki so imeli
zasevke v podro¢nih bezgavkah in negativho
predoperativno preiskavo z ultrazvokom

Pilko G, Zgajnar J, Mu$i¢ M, Hocevar M

IzhodiS¢a. Namen raziskave je bil oceniti uCinkovitost predoperativne ultrazvocne (UZ) preiskave podrocnih bezgavk
in fankoigelne aspiracijske biopsije za zmanjsanje stevila bolnikov, ki potrebujejo biopsijo varovalne bezgavke (BVB).
Drugi namen je bil primerjati tumorsko breme v podrocnih bezgavkah med kandidati za BVB s klinicno neprizadetimi
podrocnimi bezgavkami in tistimi z ultrazvocno neprizadetimi podro&nimi bezgavkami ter primerjati celokupno prezi-
vetje med obema skupinama.

Bolniki in metode. V letih 2000 do 2007 smo BVB uspesno opravili pri 707 bolnikih z melanomom. Predoperativno UZ
preiskavo podrocnih bezgavk smo naredili pri 405 kandidatih za BVB. Pri 14 med njimi sta UZ in tankoigelna aspiracijska
biopsija potrdila zasevke v bezgavkah, bolniki so bili napoteni direktno na limfadenektomijo. Pri 391 bolnikih je bila
predoperativnha UZ preiskava bodisi negativna (343 bolnikov), bodisi sumljiva (48 bolnikov). Pri preostalih 316 bolnikih
predoperativna UZ preiskava ni bil opravljena.

Rezultati. Bolniki z negativhno predoperativho UZ preiskavo so imeli v primerjavi z bolnikih brez UZ preiskave manjsi
delez makroskopskih zasevkov v varovalnih bezgavkah, manjSe Stevilo prizadetih bezgavk in manj zasevkov v preo-
stalih odstranjenih bezgavkah. ManjSe fumorsko breme pri bolnikih z negativno UZ preiskavo in zasevki v varovalnih
bezgavkah je odsevalo tudi v boljfem celokupnem prezivetju.

Zakljuéki. Predoperativna UZ preiskava podrocnih bezgavk prinrani delezu bolnikov z melanomom BVB. Bolniki z
zasevki v podrocnih bezgavkah in negativno predoperativno UZ preiskavo imajo manjse fumorsko breme v primerjavi
z bolniki s klini€no neprizadetimi podro&nimi bezgavkami, kar tudi odseva v boljsfem celokupnem preZivetju.

Radiol Oncol 2012; 46(1): 69-74.
doi: 10.2478/v10019-011-0026-3

Primerjava ocene tkiva z metodo navideznega otipa
in z digitalnim rektalnim pregledom za razlikovanje
karcinoma od benigne hiperplazije prostate

Zheng X, Ji P, Mao H, Hu J

IzhodiSc¢a. Ocena tkiva z metodo navideznega otipa (MNO) je nova in obetdjoéa metoda za ugotavijanje trdote
tkiva. Namen raziskave je bil primerjati oceno tkiva z MNO in z digitalnim rektalnim pregledom (DRP) za razlikovanje
karcinoma in benigne hiperplazije prostate.

Pacienti in metode. Oceno tkiva z MNO smo uporabili ob 209 nodularnih lezijah pri 107 bolnikih z benigno hiper-
plazijo prostate in suspektnim karcinomom pred patohistolosko analizo. Hitrost striznega valovanja (HSV) vsake nodu-
larne lezije smo kvantificirali z uporabo zvocnega impulza sevanja. Primerjali smo obcutljivost, specificnost, pozitivno
in negativno napovedno vrednost ter natancnost metod ocene tkiva z MNO in z DRP za razlikovanje karcinoma od
benigne hiperplazije prostate.

Rezultati. S patohistolosko analizo smo v 57 primerih nodularne prostati&ne lezije ugotovili karcinom. HSV (m/s) je
bila v primerjavi z normalno prostato pri karcinomu in benigni hiperplaziji prostate stafisticno znacilno vecja (1,34 +0,47
proti 2,37 £ 0,94 in 1,98 +0,82). Za razlikovanje karcinoma od benigne hiperplazije prostate smo primerjali povrsino pod
krivuljo ROC, ki je bila pri oceni tkiva z MNO (HSV>2,5m/s) 0,86, pri DRP pa 0,67. Pri oceni tkiva z MNO je bila obcutlji-
vost 71,93 %, specificnost 87,5 %, pozitivna napovedna vrednost 68,33 %, negativha napovedna vrednost 89,26 % in
natancnost 83,25 %, pri DRP so bile obcutljivost 33,33 %, specificnost 81,57 %, pozitivna napovedna vrednost 40,43 %,
negativna napovedna vrednost 76,54 % in natancnost 68,42 %.

Zaklju(tki. Ocena tkiva z MNO lahko ucinkovito zazna trdoto prostaticne nodularne leziie in zanesljiveje kot DRP
razlikuje karcinom od benigne hiperplazije prostate.

Radiol Oncol 2012; 46(1): 1-VIl.
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Radiol Oncol 2012; 46(1): 75-80.
doi:10.2478/v10019-012-0013-3

Ucinkovitost visokoenergijskega kolimatorja v
limfoscintigrafiji varovalnih bezgavk pri bolnicah z
zacetnim rakom dojk

Aryana K, Gholizadeh M, Momennezhad M, Naji M, Aliakbarian M, Naser Forghani M,
Sadeghi R

IzhodisCa. Limfoscintigrafia je pomembna metoda doloéanja varovalnin bezgavk pri bolnicah z rakom dojk.
Zvezdasti artefakti, ki nastanejo zaradi kolimatorja, zmanjSujejo kakovost slikanja. Da bi te artefakte zmanjsali, smo v
raziskavi uporabili visokoenergijski kolimator.

Bolniki in metode. V raziskavo smo vkijugili 20 bolnic z zacetnim rakom dojk. Vsem bolnicam smo vbrizgali radi-
oaktivni sledilec (?’™Tc-antimonijev sulfid) ter jih po tridesetin minutah slikali z dvoglavo kamero gama. Na eni glavi
smo uporabili nizkoenergijski visokolocljivostni kolimator in na drugi glavi visokoenergijski kolimator. Slike sta pregledala
dva specialista nuklearne medicine, ki sta ocenjevala Stevilo prikazanih pazdusnih bezgavk in prisotnost zvezdastih
artefaktov.

Rezultati. Vse slike narejene z nizkoenergijskim kolimatoriem so vsebovale zvezdaste artifakte, nobena izmed slik
narejenih z visokoenergijskim kolimatorjem pa jih ni imela. Pri dveh bolnicah smo varovalno bezgavko videli samo
na slikah z visokoenergijskim kolimatorjem, pri drugih dveh bolnicah pa smo lahko locili dvoje skupaj lezecih bezgavk

samo na slikah z nizkoenergijskim kolimatorjem.

Zakljucki. Visokoenergiiske kolimatorje lahko uporabimo pri doloéanju varovalnih bezgavk. Z njihovo uporabo
iznicimo pojav zvezdastih artefaktov. Njihova edina pomanikljivost je, da na slikah tezko locimo dvoje skupaj lezeCih
bezgavk.

Radiol Oncol 2012; 46(1): 81-88.
doi:10.2478/v10019-012-0011-5

Razvoj nuklearne medicine v Sloveniji in Ljubljani.
Pol stoletja nuklearne medicine pri Slovencih

Zupanic Slavec Z, Gaberscek S, Slavec K

IzhodiS¢a. Nukleamna medicina se je v ZDA za&ela razvijati po letu 1938, ko so za&eli v medicino uvajati radionuklide,
v Evropi pa je bil zacetek vezan na lastno proizvodnjo radionuklidov v reaktorju Harwell v Angliji v letu 1947. Slovenija
je zacela prve raziskave v 50. letih prej$njega stolefja. V clanku je popisan razvoj nuklearne medicine v Sloveniji in v
Ljubljani. Prve nuklearnomedicinske posege v Sloveniji so opravili na Interni kliniki v Ljubljani v letih 1954-1959. Dr. Joze
Satler je zacCel leta 1954 uporabljati radioaktivni jod za preiskave 3citnice. Istega leta je dr. Bojan Varl, ki velja za pionirja
nuklearne medicine pri Slovencih, zacel sistematicno uvajati dejavnost nuklearne medicine. Prvi radioizotopski labora-
toriji na Slovenskem so bili ustanovljeni januarja 1960, in sicer v Ljubljani na Onkoloskem institutu in na Interni kliniki. Pod
vodstvom dr. Varla se je laboratorij Interne klinike postopoma razvijal in 1973 prerasel v Kliniko za nuklearno medicino z
oddelki za diagnostiko in vivo terin vitro in za zdravljenje na bolnisnicnem in ambulantnem S¢itnicnem oddelku. Klinika
je postala u¢na enota Medicinske fakultete, razvila je tudi podiplomski Studij — prvi vpis je bil 1972. V 60. letih 20. stoletja
so radioizotopske laboratorije odprli tudi v Splonih bolnisnicah Slovenj Gradec in Celie, v 70. letih pa Se v Mariboru,
Izoli in Sempetru pri Novi Gorici.

Zakljuéki. Nuklearnomedicinske enote so danes sodobno opremliene in kadrovsko usposobliene za slikovno, funk-
cijsko in laboratorijsko diagnostiko v klinicni medicini. Usmerjene so tudi v zdravljenje raka, povecanega delovanja
$Citnice in drugih bolezni.

Radiol Oncol 2012; 46(1): 1-VIl.
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Activity of "Dr. J. Cholewa" Foundation for
Cancer Research and Education - a report for
the first quarter of 2012

The Dr. J. Cholewa Foundation for Cancer Research and Education is a non-profit, non-government and
non-political association of experts, institutions and organisations associated with cancer research, can-
cer education, cancer treatment and prevention. The Foundation aims to search for and support novel
initiatives and forward thinking in all of the activities in any way associated with cancer. Therefore it
continues to support the publication of "Radiology and Oncology”, an international medical scientific
journal that is edited, published and printed in Ljubljana, Slovenia. “Radiology and Oncology” pub-
lishes scientific articles, reviews, case reports, short reports and letters to the editor about problems
in experimental and clinical research in radiology, radiophyics, experimental and clinical oncology,
supportive therapy, prevention and early diagnostics of different types of cancer. It is an open access
journal, available free of charge on its website, with an important Science Citation Index impact factor.
In the year 2011 the Foundation also lent its support to a number of professional and lay associations
and organizations that contribute to the success in the fight against cancer in Slovenia. It also supported
the whole range of various activities with long term effect and it was thus getting involved in activities
in primary, secondary and tertiary prevention of cancer.

The Dr. J. Cholewa Foundation for Cancer Research and Education helps professional and other as-
sociations in Slovenia to organise scientific and other meetings of specific interest in different fields of
advanced cancer research and education. In the year 2011 the Foundation thus supported the “XLIInd
Professor Janez Ple¢nik Memorial Meeting with International Symposium” with the title “Human
Papillomaviruses Related Tumors”. Needless to say, it was one of the most important scientific and
professional meetings with themes associated with cancer in Slovenia in the past year.

The Foundation has continued with its activities throughout 2011 with the aim to spread as much
knowledge as possible about cancer and related problems in Slovenia, an important part of this activi-
ties being the education and information of the lay public. These activities may already in the near fu-
ture lead to greater practical application of the latest methods and protocols in the treatment of cancer
in Slovenia

Andrej Plesnic¢ar, MD
Tomaz Benuli¢, MD
Borut Stabuc, MD, PhD
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Second Meeting with International Participation “Frem Bench tuEfnls' Ny
Zagreb, Croatia # November 8-3, 2012 " ‘u._‘_‘ e

HDIR-2 "From Bench to Clinic"

Second meeting of Croatian Association for Cancer Research with international participation

Zagreb, November 8-9. 2012.

It is our great pleasure to anounce the Second Meeting of the Croatian Association for Cancer Research
(HDIR), a constituent society of the European Association for Cancer Research (EACR). HDIR has almost
100 members, and this is the second time it organizes an international meeting in translational and
personalized medicine. The first meeting HDIR-1 "From Bench to Clinic" was held in 2010 at the Rudjer
Boskovic Institute. The interest far exceeded our expectations, 175 participants with more than 50 posters
from Croatia and abroad. This years' conference is planned as a two-day event in the Hotel International
in Zagreb. Four major sections are planned: Cancer Signaling, Immunity and Cancer, Cancer Resistance
and Cancer Genetics & Epigenetics. The speakers are respectable scientists and clinicians from Croatia and
abroad:

Oscar Burrone, Italy
Tanja Cufer, Slovenia
Jozo Deli¢, France

Ivan Diki¢, Germany
Zdenko Herceg, France
Zorica Juranic, Serbia
Varda Rotter, Israel
Damir Vrbanec, Croatia

Apart from talks, there will also be a poster session where the younger participants can present their
work and discuss it in a productive scientific environment. The aim of HDIR-2 conference is advancing
tumor research in Croatia and promoting communication between basic research and clinical practice.
The emphasis will be put on international communication and cooperation. This conference will enable
the participants to establish collaborations between themselves as well as with their colleagues from
other consitutent societies within EACR.

More information about the conference can be found on the HDIR webpage (www.hdir.hr) and the
conference webpage (www.hdir-2.hdir.hr).

We invite you to join us in making this conference even more successful than the previous!

Kind regards

Dr.sc. Sonja Levanat
HDIR president
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Samo za strokovno javnost

ERBITUX - izbira za izboljSano uéinkovitost

>>— Za zdravljenje metastatskega raka
debelega ¢revesa in danke

>>— Za zdravljenje raka skvamoznih
celic glave in vratu

Merck Serono Onkologija | klju¢ je v kombinaciji

Erbitux 5 mg/ml raztopina za infundiranje (Skrajsan povzetek glavnih znacilnosti zdravila)

Sestava: En ml raztopine za infundiranje vsebuje 5 mg cetuximaba in pomozne snovi. Cetuksimab je himerno monoklonsko IgG1 protitelo. Terapevtske indikacije: Zdravilo Erbitux je indicirano za zdravijenje bolnikov 2 metastatskim kolorektalnim rakom
zekspresijo receptorjev EGFR in nemutiranim tipom KRAS v kombinaciji s kemoterapijo na osnovi irinotekana, kot primarno zdravljenje v kombinaciji s FOLFOX in kot samostojno zdravilo pri bolnikih, pri katerih zdravljenje z oksaliplatinom in irinotekanom ni bilo
uspesno ter pri bolnikih, ki ne prenaajo irinotekana. Zdravilo Erbitux je indicirano za zdravljenje bolnikov z rakom skvamoznih celic glave in vratu v kombinaciji z radioterapijo za lokalno napredovalo bolezen in v kombinaciji s kemoterapijo na osnovi platine
za ponavljajoco se in/ali metastatsko bolezen. Odmerjanje in nacin uporabe: Zdravilo Erbitux pri vseh indikacijah infundirajte enkrat na teden. Pred prvo infuzijo mora bolnik prejeti premedikacijo z antihistaminikom in kortikosteroidom. Zacetni odmerek
je 400 mg cetuksimaba na m? telesne povrine. Visi naslednji tedenski odmerki so vsak po 250 mg/m? Kontraindikacije: Zdravilo Erbitux je kontraindicirano pri bolnikih z znano hudo preobcutljivostno reakeijo (3. ali 4. stopnje) na cetuksimab. Kombinacija
zdravila Erbitux s kemoterapijo, ki vsebuje oksaliplatin, je kontraindicirana pri bolnikih z metastatskim kolorektalnim rakom z mutiranim tipom KRAS ali kadar status KRAS ni znan. Posebna opozorila in previdnostni ukrepi: Ce pri bolniku nastopi
blaga ali zmerna reakcija, povezana z infundiranjem, lahko zmanjgate hitrost infundiranja. Priporoijivo je, da ostane hitrost infundiranja na niji vrednosti tudi pri vseh naslednjih infuzijah. Ce se pri bolniku pojavi huda kozna reakeija (= 3. stopnje po kiterijih
US NCI-CTC), morate prekiniti terapijo s cetuksimabom. Z zdravljenjem smete nadaljevati le, Ce se je reakcija izbolj3ala do 2. stopnje. Zaradi moznosti pojava znizanja nivoja magnezija v serumu se pred in periodicno med zdravljenjem priporoca dolocanje
koncentracije elektrolitov. Ce se pojavi sum na nevtropenijo, je potrebno bolnika skrbno nadzorovati. Potrebno je upostevati kardiovaskulamo stanje bolnika in so¢asno dajanje kardiotoksicnih ucinkovin kot so fluoropirimidini. Cetuksimab je treba uporabljati
previdno pri bolnikih z anamnezo keratitisa, ulcerativnega keratitisa ali zelo suhih oci. Interakcije: Farmakokineticne znacilnosti cetuksimaba ostanejo nespremenjene po socasni uporabi enkratnega odmerka irinotekana, tudi farmakokinetika irinotekana je
nespremenjena pri socasni uporabi cetuksimaba. Pri kombinaciji s fluoropirimidini se je povecala pogostnost srcne ishemije, vkljucno z miokardnim infarktom in kongestivno sréno odpovedjo ter pogostnost sindroma dlani in stopal. V kombinaciji s kemoterapijo
na osnovi platine se lahko poveca pogostnost hude levkopenije ali hude nevtropenije. Nezeleni ucinki: Zelo pogosti (= 1/10): hipomagneziemija, povecanje ravni jetrnih encimov, kozne reakcije, blage ali zmerne reakcije povezane z infundiranjem, blag do
zmeren mukozitis. Pogosti (> 1/100, < 1/10): dehidracija, hipokalciemija, anoreksija, glavobol, konjunktivitis, driska, navzeja, bruhanje, hude reakcije povezane z infundiranjem, utrujenost. Posebna navodila za shranjevanje: Shranjujte v hladilniku (2
°C-8°C). Pakiranje: 1 vialaz 20 ml ali 100 ml raztopine. Nacin in rezim izdaje: H. Imetnik dovoljenja za promet: Merck KGaA, 64271 Darmstadt, Nemcija. Datum zadnje revizije besedila: Januar 2012.

Pred predpisovanjem zdravila natancno preberite celoten Povzetek glavnih znacilnosti zdravila.

imetnika dovoljenja za promet z zdravilom: Merck d.0.0, Ameriska ulica 8, 1000 Ljubljana, tel.: 01 560 3810, faks: 01 560 3830, el. posta: info@merck.si

Podrobnejse informacije so na voljo pri pri

www.merckserono.net
www.Erbitux-international.com

Merck Serono

division of Merck.
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SKRAJSAN POVZETEK GLAVNIH ZNACILNOSTI ZDRAVILA

Samo za strokovno javnost.

Ime zdravila: Tarceva 25 mg/100 mg/150 mg filmsko obloZene tablete
Kakovostna in koli¢inska sestava: Ena filmsko oblozena tableta vsebuje
25 mg, 100 mg ali 150 mg erlotiniba (v obllkl erIotlnlbuevega klorida).
Terapevtske indikacije: : Zdravilo Tarceva je in-
dicirano za prvo linijo zdravljenja bolnikov z lokalno napredovalim ali me-
tastatskim nedrobnoceli¢nim rakom plju¢ z EGFR-aktivirajo¢imi mutacijami.
Zdravilo Tarceva je indicirano tudi za samostojno vzdrzevalno zdravljenje
bolnikov z lokalno napredovalim ali metastatskim nedrobnoceli¢cnim rakom
plju¢ s stabilno boleznijo po 4 ciklih standardne kemoterapije na osnovi
platine v prvi liniji zdravljenja. Zdravilo Tarceva je indicirano tudi za zdra-
vljenje bolnikov z lokalno napredovalim ali metastatskim nedrobnoceli¢nim
rakom plju¢ po neuspehu vsaj ene predhodne kemoterapije. Pri predpisovan-
ju zdravila Tarceva je treba upostevati dejavnike, povezane s podaljSanim
prezivetjem. Koristnega vpliva na podaljSanje prezivetja ali drugih klini¢no
pomembnih ucinkov zdravljenja niso dokazali pri bolnikih z EGFR-negati-
vnimi tumorji (glede na rezultat imunohistokemije). Rak trebusne slinavke:
Zdravilo Tarceva je v kombinaciji z gemcitabinom indicirano za zdravljenje
bolnikov z metastatskim rakom trebusne slinavke. Pri predpisovanju zdra-
vila Tarceva je treba upoStevati dejavnike, povezane s podaljSanim prezive-
tjem. Koristnega vpliva na podaljSanje prezivetja niso dokazali za bolnike z
lokalno napredovalo boleznijo.

Odmerjanje in nacin uporabe: Zdravljenje z zdravilom Tarceva mora nad-
zorovati zdravnik z izkusnjami pri zdravljenju raka. Pri bolnikih z lokalno
napredovalim ali metastatskim nedrobnoceli¢cnim rakom plju¢, ki Se niso
prejeli kemoterapije, je treba testiranje za dolocanje mutacij EGFR opraviti
pred zacetkom zdravljenja z zdravilom Tarceva. Zdravilo Tarceva vzamemo
najmanj eno uro pred zauzitjem hrane ali dve uri po tem. Kadar je potreb-
no odmerek prilagoditi, ga je treba zmanjsevati v korakih po 50 mg. Pri
socasnem jemanju substratov in modulatorjev CYP3A4 bo morda potrebna
prilagoditev odmerka. Pri dajanju zdravila Tarceva bolnikom z jetrno okvaro
je potrebna previdnost. Ce se pojavijo hudi nezeleni ucinki, pride v postev
zmanjsanje odmerka ali prekinitev zdravljenja z zdravilom Tarceva. Uporaba
zdravila Tarceva pri bolnikih s hudo jetrno ali ledvi¢no okvaro ter pri otrocih
ni priporocljiva. Bolnikom kadilcem je treba svetovati, naj prenehajo kaditi,
saj so plazemske koncentracije erlotiniba pri kadilcih manjse kot pri nekadil-
cih. Nedrobnoceli¢ni rak plju¢: Priporoceni dnevni odmerek zdravila Tarceva
je 150 mg. Rak trebusne slinavke: Priporoceni dnevni odmerek zdravila Tar-
ceva je 100 mg, v kombinaciji z gemcitabinom. Pri bolnikih, pri katerih se
kozni izpuscaj v prvih 4 do 8 tednih zdravljenja ne pojavi, je treba ponovno
pretehtati nadaljnje zdravljenje z zdravilom Tarceva.

Kontraindikacije: Preobcutljivost za erlotinib ali katero koli pomozno snov.
Posebna opozorila in previdnostni ukrepi: Pri doloc¢anju bolnikovega
statusa mutacij EGFR je pomembno izbrati dobro validirano in robustno me-
todologijo, da se izognemo laZzno negativnim ali lazno pozitivnim rezulta-
tom. Mocni induktorji CYP3A4 lahko zmanjsajo ucinkovitost erlotiniba, mo-
¢ni zaviralci CYP3A4 pa lahko povecajo toksi¢nost. So¢asnemu zdravljenju
s temi zdravili se je treba izogibati. Bolnikom, ki kadijo, je treba svetovati,
naj prenehajo kaditi, saj so plazemske koncentracije erlotiniba pri kadilcih
zmanjsane v primerjavi s plazemskimi koncentracijami pri nekadilcih. Verjet-
no je, da je velikost zmanjsanja klinicno pomembna. Pri bolnikih, pri katerih
se akutno pojavijo novi in/ali poslabsajo nepojasnjeni plju¢ni simptomi, kot
so dispneja, kaselj in vrocina, je treba zdravljenje z zdravilom Tarceva preki-
niti, dokler ni znana diagnoza. Bolnike, ki se socasno zdravijo z erlotinibom
in gemcitabinom, je treba skrbno spremljati_zaradi moZnosti pojava toksi-
¢nosti, podobni intersticijski bolezni plju¢. Ce je ugotovljena intersticijska
bolezen pljuc¢, zdravilo Tarceva ukinemo in uvedemo ustrezno zdravljenje.
Pri priblizno polovici bolnikov, ki so se zdravili z zdravilom Tarceva, se je po-
javila driska (vklju¢no z zelo redkimi primeri, ki so se koncali s smrtnim izi-
dom). Zmerno do hudo drisko zdravimo z loperamidom. V nekaterih prime-
rih bo morda potrebno zmanjsanje odmerka. V primeru hude ali dolgotrajne
driske, navzeje, anoreksije ali bruhanja, povezanih z dehidracijo, je treba
zdravljenje z zdravilom Tarceva prekiniti in dehidracijo ustrezno zdraviti.
O hipokaliemiji in ledvi¢ni odpovedi so porocali redko. Posebno pri bolni-
kih z dejavniki tveganja (soc¢asno jemanje drugih zdravil, simptomi, bolezni
ali drugi dejavniki, vklju¢no z visoko starostjo) moramo, Ce je driska huda
ali dolgotrajna oziroma vodi v dehidracijo, zdravljenje z zdravilom Tarceva
prekiniti in bolnikom zagotoviti intenzivno intravensko rehidracijo. Dodatno
je treba pri bolnikih s prisotnim tveganjem za razvoj dehidracije spremljati
ledvi¢no delovanje in serumske elektrolite, vklju¢no s kalijem. Pri uporabi
zdravila Tarceva so porocali o redkih primerih jetrne odpovedi. K njenemu
nastanku je lahko pripomogla predhodno obstojeca jetrna bolezen ali soca-
sno jemanje hepatotoksic¢nih zdravil. Pri teh bolnikih je treba zato premisliti
o rednem spremljanju jetrnega delovanja. Dajanje zdravila Tarceva je treba
prekiniti, ¢e so spremembe jetrnega delovanja hude. Bolniki, ki prejemajo
zdravilo Tarceva, imajo vecje tveganje za razvoj perforacij v prebavilih, ki so
jih opazili ob&asno (vklju¢no z nekaterimi primeri, ki so se koncali s smrtnim
izidom). Pri bolnikih, ki so¢asno prejemajo zdravila, ki zavirajo angiogene-
zo, kortikosteroide, nesteroidna protivnetna zdravila (NSAID) in/ali kemote-
rapijo na osnovi taksanov, ali so v preteklosti imeli pepticni ulkus ali diver-
tikularno bolezen, je tveganje vecje. Ce pride do tega, je treba zdravljenje z
zdravilom Tarceva dokoncno ukiniti. Porocali so o primerih koznih bolezni z
mehurji in lus¢enjem koze, vklju¢no z zelo redkimi primeri, ki so nakazovali
na Stevens-Johnsonov sindrom/toksi¢no epidermalno nekrolizo in so bili v
nekaterih primerih smrtni. Zdravljenje z zdravilom Tarceva je treba prekiniti
ali ukiniti, ce se pri bolniku pojavijo hude oblike mehurjev ali luS¢enja koze.
Bolniki, pri katerih se pojavijo znaki in simptomi, ki nakazujejo na keratitis

in so lahko akutni ali se poslab3ujejo: vnetje oCesa, solzenje, obcutljivost na
svetlobo, zamegljen vid, bolecine v ocesu in/ali rdece oci, se morajo takoj
obrniti na specialista oftalmogije. V primeru, da je diagnoza ulcerativnega ke-
ratitisa potrjena, je treba zdravljenje z zdravilom Tarceva prekiniti ali ukiniti.
V primeru, da se postavi diagnoza keratitisa, je treba skrbno razmisliti o kori-
stih in tveganjih nadaljnega zdravljenja. Zdravilo Tarceva je pri bolnikih, ki so
v preteklosti imeli keratitis, ulcerativni keratitis ali zelo suhe oci, uporabljati
previdno. Uporaba kontaktnih le¢ je prav tako dejavnik tveganja za keratitits
in ulceracijo. Med uporabo zdravila Tarceva so zelo redko porocali o primerih
perforacije ali ulceracije rozenice. Tablete vsebujejo laktozo in jih ne smemo
dajati bolnikom z redkimi dednimi stanji: intoleranco za galaktozo, laponsko
obliko zmanjsane aktivnosti laktaze ali malabsorpcijo glukoze/galaktoze.
Medsebojno delovanje z drugimi zdravili in druge oblike interakcij:
Erlotinib se pri ljudeh presnavlja v jetrih z jetrnimi citokromi, primarno s
CYP3A4 in v manjsi meri s CYP1A2. Presnova erlotiniba zunaj jeter poteka s
CYP3A4 v crevesju, CYPTA1 v pljucih in CYP1B1 v tumorskih tkivih. Z zdra-
vilnimi uc¢inkovinami, ki se presnavljajo s temi encimi, jih zavirajo ali pa so
njihovi induktorji, lahko pride do interakcij. Erlotinib je srednje mocan zavira-
lec CYP3A4 in CYP2C8, kot tudi mocan zaviralec glukuronidacije z UGT1AL1 in
vitro. Pri kombinaciji ciprofloksacina ali moc¢nega zaviralca CYPIAZ2 (npr. flu-
voksamina) z erlotinibom je potrebna previdnost. V primeru pojava nezele-
nih u¢inkov, povezanih z erlotinibom, lahko odmerek erlotiniba zmanjsamo.
Predhodno ali socasno zdravljenje z zdravilom Tarceva ni spremenilo ocistka
prototipov substratov CYP3A4, midazolama in eritromicina. Inhibicija gluko-
ronidacije lahko povzroci interakcije z zdravili, ki so substrati UGTIAI in se
izloc¢ajo samo po tej poti. Mocni zaviralci aktivnosti CYP3A4 zmanjsajo pre-
snovo erlotiniba in zvecajo koncentracije erlotiniba v plazmi. Pri so¢asnem
jemanju erlotiniba in mocnih zaviralcev CYP3A4 je zato potrebna previdnost.
Ce je treba, odmerek erlotiniba zmanjSamo, Se posebno pri pojavu toksi¢no-
sti. Mocni spodbujevalci aktivnosti CYP3A4 zvecajo presnovo erlotiniba in po-
membno zmanjsajo plazemske koncentracije erlotiniba. Socasnemu dajanju
zdravila Tarceva in induktorjev CYP3A4 se je treba izogibati. Pri bolnikih, ki
potrebujejo soc¢asno zdravljenje z zdravilom Tarceva in moc¢nim induktorjem
CYP3A4, je treba premisliti o povecanju odmerka do 300 mg ob skrbnem
spremljanju njihove varnosti. Zmanjsana izpostavljenost se lahko pojavi tudi
z drugimi induktorji, kot so fenitoin, karbamazepin, barbiturati ali Sentja-
nzevka. Ce te zdravilne uc¢inkovine kombiniramo z erlotinibom, je potrebna
previdnost. Kadar je mogoce, je treba razmisliti o drugih nacinih zdravljenja,
ki ne vklju€ujejo moc€nega spodbujanja aktivnosti CYP3A4. Bolnikom, ki jeml-
jejo kumarinske antikoagulante, je treba redno kontrolirati protrombinski ¢as
ali INR. Soc¢asno zdravljenje z zdravilom Tarceva in statinom lahko poveca
tveganje za miopatijo, povzroceno s statini, vklju¢no z rabdomiolizo; to so
opazili redko. Socasna uporaba zaviralcev P-glikoproteina, kot sta ciklospo-
rin in verapamil, lahko vodi v spremenjeno porazdelitev in/ali spremenjeno
izlocanje erlotiniba. Za erlotinib je znacilno zmanjsanje topnosti pri pH nad
5. Zdravila, ki spremenijo pH v zgornjem delu prebavil, lahko spremenijo
topnost erlotiniba in posledi¢no njegovo biolosko uporabnost. Uc¢inka anta-
cidov na absorpcijo erlotiniba niso proucevali, vendar je ta lahko zmanjsana,
kar vodi v niZje plazemske koncentracije. Kombinaciji erlotiniba in zaviralca
protonske ¢rpalke se je treba izogibati. Ce menimo, da je uporaba antacidov
med zdravljenjem z zdravilom Tarceva potrebna, jih je treba jemati najmanj
4 ure pred ali 2 uri po dnevnem odmerku zdravila Tarceva. Ce razmisljamo o
uporabi ranitidina, moramo zdravili jemati lo¢eno: zdravilo Tarceva je treba
vzeti najmanj 2 uri pred ali 10 ur po odmerku ranitidina. V Studiji faze Ib ni
bilo pomembnih ucinkov gemcitabina na farmakokinetiko erlotiniba, prav
tako ni bilo pomembnih ucinkov erlotiniba na farmakokinetiko gemcitabina.
Erlotinib poveca koncentracijo platine. Pomembnih ucinkov karboplatina ali
paklitaksela na farmakokinetiko erlotiniba ni bilo. Kapecitabin lahko poveca
koncentracijo erlotiniba. Pomembnih ucinkov erlotiniba na farmakokinetiko
kapecitabina ni bilo.

Nezeleni ucinki: Zelo pogosti neZeleni ucinki so kozni izpuscaj in driska,
kot tudi utrujenost, anoreksija, dispneja, kaselj, okuzba, navzea, bruhanje,
stomatitis, bolecina v trebuhu, pruritus, suha koza, suhi keratokonjunktivi-
tis, konjunktivitis, zmanjsanje telesne mase, depresija, glavobol, nevropatija,
dispepsija, flatulenca, alopecija, okorelost, pireksija, nenormalnosti testov
jetrne funkcije. Pogosti neZeleni ucinki so krvavitve v prebavilih, epistaksa,
keratitis, paronihija, fisure na kozi. Obcasno so porocali o perforacijah v pre-
bavilih, hirzutizmu, spremembah obrvi, krhkih nohtih, odstopanju nohtov od
koze, blagih reakcijah na kozi (npr. hiperpigmentacija), spremembah trepal-
nic, hudi intersticijski bolezni plju¢ (vklju¢no s smrtnimi primeri). Redko pa
so porocali o jetrni odpovedi. Zelo redko so porocali o Stevens-Johnsonovem
sindromu/toksi¢ni epidermalni nekrolizi ter o ulceracijah in perforacijah ro-
Zenice.

Rezim izdaje zdravila: H/Rp. Imetnik dovoljenja za promet: Roche Re-
gistration Limited, 6 Falcon Way, Shire Park, Welwyn Garden City, AL7 1TW,
Velika Britanija. Verzija: 1.0/11. Informacija pripravljena: Februar 2012.

DODATNE INFORMACIJE SO NA VOLJO PRI:

Roche farmacevtska druzba d.o.o.

Vodovodna cesta 109, 1000 Ljubljana.

Povzetek glavnih znacilnosti zdravila je dosegljiv na www.roche.si
ali www.onkologija.si.

003-12-TAR
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CAS ZA ZIVLJENJE.

DOKAZANO PODALJSA PREZIVETJE PRI BOLNIKIH:

e z lokalno napredovalim ali metastatskim
nedrobnocelicnim rakom pljuc'

® Z metastatskim rakom trebusne slinavke'

! Povzetek glavnih znacilnosti zdravila TARCEVA, www.ema.europa.eu
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Bl glivec

imatinib

Novartis Oncology prinasa spekter inovativnih zdravil, @
s katerimi poskus$a spremeniti Zivljenje bolnikov z rakavimi Iﬂsggna
in hematoloskimi oboleniji.

NV,
Ta vkljuCuje zdravila kot so Glivec® (imatinib), Tasigna® (nilotinib), @5&”&%@%
Afinitor® (everolimus), Zometa® (zoledronska kislina), Femara®
(letrozol), Sandostatin® LAR® (oktreotid/i.m. injekcije) in Exjade® ZOMETAii
(deferaSirOkS). zoledronska kislina
Novartis Oncology ima tudi obSiren razvojni program, :f
ki izkoriS€a najnovejSa spoznanja molekularne genomike, fleoza)
razumskega nacrtovanja in tehnologij za odkrivanje Sandostatin’ LAR

oktreotid/i.m. injekeije

novih ucéinkovin.
& EXJADE

deferasiroks

) NOVARTIS

ONCOLOGY

Novartis Pharma Services Inc. ® Podruznica v Sloveniji ® Verovskova 57 ¢ 1000 Ljubljana Samo za strokovno javnost. NV-JA-08/11-SI
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The Fresenius Kabi
oncology portfolio

* Deyices, Ly scluliots and drogs
* Pacenteral and entzral nutrition

» Compounding services and
hnma care

Safety in the pharmacy
v Colol - safety cancest extended
to generic oncology portfolia

o Clear, safe and casily
understancable systom

m medias

L4 international

Zastopnik za Slovenijo:

Medias International d.o.o., Trgovanje in trzenje z medicinskim materialom
Leskoskova cesta 9D, 1000 Ljubljana, Slovenija

Tel.:01/52 02 300, Faks: 01/ 52 02 495

info@medias-int.si, www.medias-int.si
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Enhancing data provision

* Dediczted oncclogy research
and development ensures high
quality areduct=

m e

caring for life



megestrolacetat 40mg/mi
— peroralna suspenzija
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... Se vedno EDINO ZDRAVILO, ki je v
\ , S Sloveniji registrirano za zdravljenje
> > y - anoreksije-kaheksije pri bolnikih z
vV~ napredovalim rakom "2 - predpisovanje na AN\
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Megace

e izboljSa apetit °

e pomaga ohraniti in pridobiti telesno
tezo 345

e izboljSa splosno pocutje bolnikov 34

SKRAJSAN POVZETEK GLAVNIH ZNACILNOSTI ZDRAVILA: MEGACE 40 mg/ml peroralna suspenzija

Sestava: 1 ml peroralne suspenzije vsebuje 40 mg megestrolacetata. TERAPEVTSKE INDIKACIJE: Zdravljenje anoreksije-kaheksije ali nepojasnjene, pomembne
izgube telesne mase pri bolnikih z AIDS-om. Zdravljenje anorektino-kahektiénega sindroma pri napredovalem raku. ODMERJANJE IN NACIN UPORABE: Pri
aidsu je priporoc¢eni zacetni odmerek Megace za odrasle 800 mg (20 ml peroralne suspenzije) enkrat na dan eno uro pred jedjo ali dve uri po jedi in se lahko
med zdravljenjem prilagodi glede na bolnikov odziv. V raziskavah bolnikov z aidsom so bili klini¢éno ucinkoviti dnevni odmerki od 400 do 800 mg/dan (10 do 20
ml), uporabljani stiri mesece. Pri anorekti¢no-kahekti¢nem sindromu zaradi napredovalega raka je priporocljiv zacetni odmerek 200 mg (5 ml) na dan; glede
na bolnikov odziv ga je mogoc¢e povecati do 800 mg na dan (20 ml). Obi¢ajni odmerek je med 400 in 800 mg na dan (10-20 ml). V raziskavah bolnikov z
napredovalim rakom so bili klini¢cno u¢inkoviti dnevni odmerki od 200 do 800 mg/dan (5 do 20 ml), uporabljani najmanj osem tednov. Pred uporabo je potrebno
plastenko s suspenzijo dobro pretresti. Uporaba pri otrocih: Varnosti in ucinkovitosti pri otrocih niso dokazali. Uporaba pri starostnikih: Zaradi pogostejsih okvar
jeter, ledvic in sréne funkcije, pogostejSih soc¢asnih obolenj ali soc¢asnega zdravljenja z drugimi zdravili je odmerek za starejSega bolnika treba dolociti previdno

POSEBNA OPOZORILA IN PREVIDNOSTNI UKREPI: Uporaba gestagenov med prvimi tirimi meseci nose¢nosti ni priporocljiva. Pri bolnikih s tromboflebitisom
v anamnezi je treba zdravilo Megace uporabljati previdno. Zdravljenje z zdravilom Megace se lahko zacne $ele, ko so bili vzroki huj$anja, ki jih je mogoce zdraviti,
ugotovljeni in obravnavani. Megestrolacetat ni namenjen za profilakti¢éno uporabo za preprecitev hujSanja. U¢inki na razmnozevanje virusa HIV niso ugotovljeni.
Med zdravljenjem z megestrolacetatom in po prekinitvi kroniénega zdravljenja je treba upostevati moznost pojava zavore nadledvi¢ne Zleze. Morda bo potrebno
nadomestno zdravljenje s stresnimi odmerki glukokortikoidov. Megestrolacetat se v veliki meri izloCi prek ledvic. Ker je verjetnost zmanjSanega delovanja ledvic
pri starostnikih vecja, je pri dolocitvi odmerka potrebna previdnost, prav tako je koristno spremljanje ledvi¢ne funkcije. Peroralna suspenzija vsebuje saharozo.
Bolniki z redko dedno intoleranco za fruktozo, malabsorpcijo glukoze/galaktoze ali pomanjkanjem saharoza-izomaltaze ne smejo jemati tega zdravila. Peroralna
suspenzija vsebuje tudi majhne kolic¢ine etanola (alkohola), in sicer manj kot 100 mg na odmerek. INTERAKCIJE: Aminoglutetimid: poroc¢ali so o zmanjsanju
koncentracije progestogena v plazmi z mozno izgubo terapevtskega delovanja zaradi inducirane presnove. So¢asno jemanje megestrolacetata (v obliki peroralne
suspenzije) in zidovudina ali rifabutina ne povzroda sprememb farmakokinetiénih parametrov. NEZELENI UCINKI: Pogosti (= 1/100, < 1/10): navzea, bruhanje,
driska, flatulenca, izpu$caj, metroragija, impotenca, astenija, bolec¢ina, edem. Neznana pogostnost (pogostnosti ni mogoce oceniti iz razpoloZljivih podatkov):
poslabsanje osnovne bolezni (Sirjenje tumorja), adrenalna insuficienca, kusingoidni izgled, Cushingov sindrom, diabetes mellitus, motena toleranca za glukozo,
hiperglikemija, spremembe razpoloZenja, sindrom karpalnega kanala, letargija, sréno popuséanje, tromboflebitis, pljucna embolija (v nekaterih primerih usodna),
hipertenzija, navali vrocine, dispneja, zaprtje, alopecija, pogosto uriniranje. Vrsta ovojnine in vsebina: Plastenka z 240 ml suspenzije. ReZzim izdaje: Rp/Spec.
Imetnik dovoljenja za promet: Bristol-Myers Squibb spol. s r.o., Olivova 4, Praga 1, Ce$ka; Odgovoren za trzenje v Sloveniji: PharmaSwiss d.o.0., Ljubljana, tel:
01 236 4 700, faks: 01 236 4 705; MGS-120609. Pred predpisovanjem preberite celoten povzetek glavnih znaéilnosti zdravila!

Reference: 1. Povzetek glavnih znacilnosti zdravila Megace - 12. junij 2009; 2. Register zdravil Republike Slovenije XII - leto 2010; 3. Beller, E., 1997. Ann Oncol 8:
277-283; 4. Cufer, T, 2002. Onkologija 9(2): 73-75; 5. Yavuzsen, T., 2005. J Clin Oncol 23(33): 8500-8511; 6. Bilten Recept 8(2), 8.12.2010

MEG0211-01; februar 2011

%Z% Bristol-Myers Squibb ﬁﬁ PharmaSwiss
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TANTUM" VERDE

Lajsanje bolecine in oteklin pri vnetju v ustni votlini in

ii
Zrelu, ki nastanejo zaradi okuzb in stanj po operaciji in kot
posledica radioterapije (t.i. radiomukozitis).

tum Verde 1,5 mg/ml oralno prsilo, raztopina

Kakovostna in kolicinska sestava

1 ml raztopine vsebuje 1,5 mg benzidaminijevega klorida, kar ustreza 1,34 mg
benzidamina.V enem razprsku je 0,17 ml raztopine. En razprsek vsebuje 0,255
mg benzidaminijevega klorida, kar ustreza 0,2278 mg benzidamina. En razprsek
vsebuje 13,6 mg 96 odstotnega etanola, kar ustreza 12,728 mg 100 odstotnega
etanola, in 0,17 mg metilparahidroksibenzoata (E218).

Terapevtske indikacije

Samozdravljenje: lajsanje bolecine in oteklin pri vnetju v ustni votlini in Zrelu, ki
so lahko posledica okuzb in stanj po operaciji. Po nasvetu in navodilu zdravnika:
lajsanje bolecine in oteklin v ustni votlini in Zrelu, ki so posledica radiomukozitisa.

Odmerjanje in nacin uporabe

Uporaba 2- do 6-krat na dan (vsake 1,5 do 3 ure). Odrasli: 4 do 8 razprskov 2- do
6-krat na dan. Otroci od 6 do 12 let: 4 razprski 2- do 6-krat na dan. Otroci, mlajsi
od 6 let: 1 razpriek na 4 kg telesne mase; do najvec 4 razprske 2 do 6-krat na dan.

Kontraindikacije
Znana preobcutljivost za zdravilno ucinkovino ali katerokoli pomozno snov.

www.tantum-verde.si

Posebna opozorila in previdnostni ukrepi

Pri manjsini bolnikov lahko resne bolezni povzrocijo ustne/zrelne ulceracije.

Ce se simptomi v treh dneh ne izbolj3ajo, se mora bolnik posvetovati z
zdravnikom ali zobozdravnikom, kot je primerno. Zdravilo vsebuje aspartam
(E951) (vir fenilalanina), ki je lahko skodljiv za bolnike s fenilketonurijo. Zdravilo
vsebuje izomalt (E953) (sinonim: izomaltitol (E953)). Bolniki z redko dedno
intoleranco za fruktozo ne smejo jemati tega zdravila. Uporaba benzidamina

ni priporocljiva za bolnike s preobcutljivostjo za salicilno kislino ali druga
nesteroidna protivnetna zdravila. Pri bolnikih, ki imajo ali so imeli bronhialno
astmo, lahko pride do bronhospazma. Pri takih bolnikih je potrebna previdnost.

Medsebojno delovanje z drugimi zdravili in druge oblike interakcij
Pri ljudeh raziskav o interakcijah niso opravljali.

Nosecnost in dojenje
Tantum Verde z okusom mentola 3 mg pastile se med nosec¢nostjo in dojenjem
ne smejo uporabljati.

Vpliv na sposobnost voznje in upravljanja s stroji
Uporaba benzidamina lokalno v priporo¢enem odmerku ne vpliva na sposobnost
voznje in upravljanja s stroji.

CSC Pharma, d.o.0., Jana Husa 1a, 1000 Ljubljana, www.csc-pharma.si

Nezeleni ucinki

Bolezni prebavil Redki: pekoc¢ obcutek v ustih, suha usta.

Bolezni imunskega sistema Redki: preobcutljivostna reakcija.

Bolezni dihal, prsnega kosa in mediastinalnega prostora Zelo redki:
laringospazem.

Bolezni koze in podkozja Obcasni: fotosenzitivnost. Zelo redki: angioedem.

Rok uporabnosti
4 leta. Zdravila ne smete uporabljati po datumu izteka roka uporabnosti, ki je
naveden na ovojnini. Posebna navodila za shranjevanje Za shranjevanje pastil
niso potrebna posebna navodila. Plastenko z raztopino shranjujte v zunanji
ovojnini za zagotovitev zascite pred svetlobo. Shranjujte pri temperaturi do 25°C.
Shranjujte v originalni ovojnini in nedosegljivo otrokom.

Imetnik dovoljenja za promet
CSC Pharma d.o.o. Q
Jana Husa 1a

1000 Ljubljana CSC  ANGELINI



Prvi na poti individualnega zdravljenja bolnikov z
napredovalim nedrobnocelicnim pljucnim rakom.

Iressa je prva in edina tarcna monoterapua ki dokazano podaljSa prezivetje brez
napredovama bolezni vfpmmerjaw z dvojno kemqterapijo kot zdravljenje prvega
reda pri balnikih z naprgdovalim nedrobnocelicnim plju¢njm rakom z ijo EGFR.
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IRESSA® (GEFITINIB)
SKRAJSAN POVZETEK GLAVNIH ZNACILNOSTI ZDRAVILA

Sestava: Filmsko obloZene tablete vsebujejo 250 mg gefitiniba.

Indikacije: zdravijenje odraslih bolnikov z lokalno napredovalim ali metastatskim nedrobnoceliénim pljuénim rakom z aktivacijskimi mutacijami EGFR-TK

Odmerjanje in nacin uporabe: Zdravljenje z gefitinibom mora uvesti in nadzorovati zdravnik, ki ima izkusnje z uporabo zdravil proti raku. Priporo¢eno odmerjanje zdravila IRESSA je ena 250-mg tableta enkrat na dan. Tableto je mogoce vzeti s hrano
ali brez nje, vsak dan ob priblizno istem ¢asu.

Kontraindikacije: preobcutljivost za zdravilno ucinkovino ali katerokoli pomozno snov, dojenje

Opozorila in previdnostni ukrepi: Pri 1,3 % bolnikov, ki so dobivali gefitinib, so opazali intersticijsko bolezen plju¢ (IBP). Ta se lahko pojavi akutno in je bila v nekaterih primerih smrtna. Ce se bolniku poslab3ajo dihalni simptomi, npr. dispneja, kaselj
in zvisana telesna temperatura, morate zdravljenje z zdravilom IRESSA prekiniti in bolnika takoj preiskati. Ce je potrjena IBP, morate terapijo z zdravilom IRESSA konéati in bolnika ustrezno zdraviti. OpaZene so bile nepravilnosti testov jetrnih funkij,
obéasno zabelezene kot hepatitis. Opisani so bili posamezni primeri odpovedi jeter. Zato so priporocljive redne kontrole delovanja jeter. V primeru blagih do zmernih sprememb v delovanju jeter je treba zdravilo IRESSA uporabljati previdno. Ce so
spremembe hude, pride v postev prekinitev zdravljenja. Zdravilo IRESSA vsebuije laktozo. Bolniki z redko dedno intoleranco za galaktozo, laponsko obliko zmanjsane aktivnosti laktaze ali malabsorpcijo glukoze/galaktoze ne smejo jemati tega zdravila.
Bolnikom narogite, da morajo takoj poiskati zdravnisko pomo¢, ¢e se jim pojavijo kakrsnikoli ocesni simptomi, huda ali dolgotrajna driska, navzea, bruhanje ali anoreksija, ker lahko vse te posredno povzroéijo dehidracijo.

Medsebojno delovanje zdravil: So¢asna uporaba moénih zaviralcev CYP3A4 lahko poveca koncentracijo gefitiniba v plazmi. Mocni zaviralci CYP2D6 lahko pri izrazitih metabolizatorjih CYP2D6 povecajo koncentracijo gefitiniba v plazmi za priblizno
2-krat. Induktorji CYP3A4 lahko povecajo presnovo gefitiniba in zmanj3ajo njegovo koncentracijo v plazmi. Zato lahko so¢asna uporaba induktorjev CYP3A4 zmanj3a ucinkovitost zdravljenja in se ji je treba izogniti. Snovi, ki obutno in dolgotrajno
zvisajo pH v Zelodcu, lahko zmanjsajo koncentracijo gefitiniba v plazmi in tako zmanjsajo njegovo ucinkovitost. Veliki odmerki kratkodelujocih antacidov, uporabljenih blizu ¢asa jemanja gefitiniba, imajo lahko podoben ucinek. Pri nekaterih bolnikih, ki so
jemali varfarin skupaj z gefitinibom, so se pojavili zvisanje internacionalnega normaliziranega razmerja (INR) infali krvavitve. Bolnike, ki socasno jemljejo varfarin in gefitinib, morate redno kontrolirati glede sprememb protrombinskega ¢asa (PC) ali INR.
NeZeleni uinki: V kumulativnem naboru podatkov kliniénih preskusanj IIl. faze so bili najpogosteje opisani nezeleni ucinki, ki so se pojavili pri ve¢ kot 20 9% bolnikov, driska in kozne reakcije (vkljuéno z izpuséajem, aknami, suho kozo in srbenjem).
Nezeleni uinki se ponavadi pojavijo prvi mesec zdravljenja in so praviloma reverzibilni. Ostali pogostejsi nezeleni ucinki so: anoreksija, konjunktivitis, blefaritis in suho oko, krvavitev, npr. epistaksa in hematurija, intersticijska bolezen plju¢ (1,3 %), navzea,
bruhanje, stomatitis, dehidracija, suha usta, nepravilnosti testov jetrnih funkcij, bolezni nohtov, alopecija, asimptomaticno laboratorijsko zvisanje kreatinina v krvi, proteinurija, cistitis, astenija, pireksija.

Vrsta in vsebina ovojnine: $katla s 30 tabletami po 250 mg gefitiniba

Nacin izdajanja zdravila: samo na recept

Datum priprave besedila: januar 2011

Imetnik dovoljenja za promet: AstraZeneca AB, S-151 85, Sodertalje, Svedska

Pred predpisovanjem, prosimo, preberite celoten povzetek glavnih znacilnosti zdravila.

Dodatne informacije so na voljo pri:

AstraZeneca UK Limited, Podruznica v Sloveniji, Verovskova 55, 1000 Ljubljana, telefon: 01/51 35 600.

Samo za strokovno javnost.
Informacija pripravljena: avgust 2011
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The editorial policy
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professional papers, review articles, case reports and varia (editorials, short communications, professional information, book
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The Editorial Board requires that the paper has not been published or submitted for publication elsewhere; the authors are
responsible for all statements in their papers. Accepted articles become the property of the journal and, therefore cannot be
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treated only as a suggestion, the final selection of reviewers is exclusively the Editor’s decision. The authors’ names are
revealed to the referees, but not vice versa.

Manuscripts which do not comply with the technical requirements stated herein will be returned to the authors for the cor-
rection before peer-review. The editorial board reserves the right to ask authors to make appropriate changes of the contents
as well as grammatical and stylistic corrections when necessary. Page charges will be charged for manuscripts exceeding the
recommended page number, as well as additional editorial work and requests for printed reprints.

All articles are published printed and on-line as the open access. To support the open access policy of the journal, the authors
are encouraged to pay the open access charge of 500 EUR.

Manuscripts submitted under multiple authorship are reviewed on the assumption that all listed authors concur in the
submission and are responsible for its content; they must have agreed to its publication and have given the corresponding
author the authority to act on their behalf in all matters pertaining to publication. The corresponding author is responsible
for informing the coauthors of the manuscript status throughout the submission, review, and production process.

Preparation of manuscripts

Radiology and Oncology will consider manuscripts prepared according to the Uniform Requirements for Manuscripts
Submitted to Biomedical Journals by International Committee of Medical Journal Editors (www.icmje.org). The manuscript
should be typed double-spaced with a 3-cm margin at the top and left-hand side of the sheet. The manuscript should be
written in grammatically and stylistically correct language. Abbreviations should be avoided. If their use is neccessary, they
should be explained at the first time mentioned. The technical data should conform to the SI system. The manuscript, includ-
ing the references, must not exceed 15 typewritten pages, and the number of figures and tables is limited to 8. If appropriate,
organize the text so that it includes: Introduction, Materials and methods, Results and Discussion. Exceptionally, the results
and discussion can be combined in a single section. Start each section on a new page, and number each page consecutively
with Arabic numerals.

The Title page should include a concise and informative title, followed by the full name(s) of the author(s); the institutional
affiliation of each author; the name and address of the corresponding author (including telephone, fax and E-mail), and an
abbreviated title. This should be followed by the abstract page, summarizing in less than 250 words the reasons for the study,
experimental approach, the major findings (with specific data if possible), and the principal conclusions, and providing 3-6
key words for indexing purposes. Structured abstracts are preferred. Slovene authors are requested to provide title and the
abstract in Slovene language in a separate file. The text of the research article should then proceed as follows:

Introduction should summarize the rationale for the study or observation, citing only the essential references and stating the
aim of the study.

Materials and methods should provide enough information to enable experiments to be repeated. New methods should be
described in detail.

Results should be presented clearly and concisely without repeating the data in the figures and tables. Emphasis should be

on clear and precise presentation of results and their significance in relation to the aim of the investigation.

Discussion should explain the results rather than simply repeating them and interpret their significance and draw conclu-
sions. It should discuss the results of the study in the light of previously published work.



Charts, Illustrations, Photographs and Tables must be numbered and referred to in the text, with the appropriate location
indicated. Charts, illustrations and photographs, provided electronically, should be of appropriate quality for good repro-
duction. Illustrations and charts must be vector image, created in CMYK colour space, used font familie are encouraged
"Century Gothic" and saved as .Al, .EPS or .PDF format. Color charts, illustrations and photographs are encouraged. Picture
(image) size must be 2.000 pixels on the longer side and saved as .JPG (maximum quality) format. In photographs, mask the
identities of the patients. Tables should be typed double-spaced, with a descriptive title and, if appropriate, units of numerical
measurements included in the column heading. The files with the figures can be uploaded as separate files.

References must be numbered in the order in which they appear in the text and their corresponding numbers quoted in the
text. Authors are responsible for the accuracy of their references. References to the Abstracts and Letters to the Editor must
be identified as such. Citation of papers in preparation or submitted for publication, unpublished observations, and personal
communications should not be included in the reference list. If essential, such material may be incorporated in the appropri-
ate place in the text. References follow the style of Index Medicus. All authors should be listed when their number does not
exceed six; when there are seven or more authors, the first six listed are followed by "et al.". The following are some examples
of references from articles, books and book chapters:

Dent RAG, Cole P. In vitro maturation of monocytes in squamous carcinoma of the lung. Br ] Cancer 1981; 43: 486-95.
Chapman S, Nakielny R. A guide to radiological procedures. London: Bailliere Tindall; 1986.

Evans R, Alexander P. Mechanisms of extracellular killing of nucleated mammalian cells by macrophages. In: Nelson DS,
editor. Immunobiology of macrophage. New York: Academic Press; 1976. p. 45-74.

Authorization for the use of human subjects or experimental animals

Manuscripts containing information related to human or animal use should clearly state that the research has complied with
all relevant national regulations and institutional policies and has been approved by the authors’ institutional review board
or equivalent committee. These statements should appear in the Materials and methods section (or for contributions without
this section, within the main text or in the captions of relevant figures or tables).

When reporting experiments on human subjects, authors should indicate whether the procedures followed were in accord-
ance with the Helsinki Declaration. Patients have the right to privacy; therefore the identifying information (patient’s names,
hospital unit numbers) should not be published unless it is essential. In such cases the patient’s informed consent for publica-
tion is needed, and should appear as an appropriate statement in the article.

The research using animal subjects should be conducted according to the EU Directive 2010/63/EU and following the
Guidelines for the welfare and use of animals in cancer research (Br | Cancer 2010; 102: 1555 — 77). Authors must identify the
committee approving the experiments, and must confirm that all experiments were performed in accordance with relevant
regulations.

Transfer of copyright agreement
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ENDOKRINO
ZDRAVLJENJE BOLNIC
Z RAKOM DOJK
PO MENOPAVZI

ENJE

BISTVENI PODATKI 1Z POVZETKA GLAVNIH ZNACILNOSTI ZDRAVILA

AROMASIN 25 mg obloZene tablete

Sestava in oblika zdravila: Ena obloZena tableta vsebuje 25 mg eksemestana. Indikacije: Adjuvantno zdravljenje Zensk po menopavzi,
ki imajo invazivnega zgodnjega raka dojke s pozitivnimi estrogenskimi receptorji in so se uvodoma vsaj 2 do 3 leta zdravile s
tamoksifenom. Zdravljenje napredovalega raka dojke pri Zenskah z naravno ali umetno povzroc¢eno menopavzo, pri katerih je bolezen
napredovala po antiestrogenskem zdravljenju. Uc¢inkovitost Se ni bila dokazana pri bolnicah, pri katerih tumorske celice nimajo
estrogenskih receptorjev. Odmerjanje in nac¢in uporabe: 25 mg enkrat na dan, najbolje po jedi. Pri bolnicah z zgodnjim rakom dojke je
treba zdravljenje nadaljevati do dopolnjenega petega leta adjuvantnega hormonskega zdravljenja (tamoksifen, ki mu sledi eksemestan)
oz. do recidiva tumorja. Pri bolnicah z napredovalim rakom dojke je treba zdravljenje nadaljevati, dokler ni razvidno napredovanje
tumorja. Kontraindikacije: Preobcutljivost na zdravilno uc¢inkovino ali na katerokoli pomozno snov, Zenske pred menopavzo,
nosecnice in dojece matere. Posebna opozorila in previdnostni ukrepi: Ne sme se predpisovati Zenskam s predmenopavznim
endokrinim statusom. Previdna uporaba pri jetrni ali ledvi¢ni okvari. Po uporabi so poroc¢ali o zmanjSanju mineralne gostote kosti ter
vedji pogostnosti zZlomov. Zenskam z osteoporozo ali tveganjem zanjo je treba na zac¢etku adjuvantnega zdravljenja izmeriti mineralno
kostno gostoto s kostno denzitometrijo. Ceprav e ni dovolj podatkov, kako u¢inkujejo zdravila za zdravljenje zmanjsane mineralne
kostne gostote, ki jo povzroca Aromasin, je treba pri bolnicah s tveganjem uvesti zdravljenje ali profilakso osteoporoze ter bolnice
natan¢no spremljati. Zdravilo vsebuje saharozo, zato ga ne smejo jemati bolniki z redko dedno intoleranco za fruktozo, malabsorpcijo
glukoze/galaktoze ali pomanjkanjem saharoza-izomaltaze. Vsebuje tudi metilparahidroksibenzoat, ki lahko povzroci alergijske
reakcije (lahko zapoznele) in izjemoma bronhospazem. Medsebojno delovanje z drugimi zdravili: Socasna uporaba zdravil - npr.
rifampicina, antiepileptikov (npr. fenitoina ali karbamazepina) ali zdravil rastlinskega izvora s SentjaZevko - ki inducirajo CYP3A4,
lahko zmanjsa uc¢inkovitost zdravila Aromasin. Uporabljati ga je treba previdno z zdravili, ki se presnavljajo s pomocjo CYP3A4 in ki
imajo ozek terapevtskiinterval. Klini¢nih izkusenj s so¢asno uporabo zdravila Aromasin in drugih zdravil proti raku ni. Ne sme se jemati
socasno z zdravili, ki vsebujejo estrogen, saj bi ta iznic¢ila njegovo farmakolosko delovanje. Vpliv na sposobnost voZnje in upravljanja
s stroji: Po uporabi zdravila je lahko psihofizi¢na sposobnost za upravljanje s stroji ali voznjo avtomobila zmanjsana. NeZeleni u¢inki:
Nezeleni uc¢inki so bili v studijah, v katerih so uporabljali standardni odmerek 25 mg na dan, ponavadi blagi do zmerni. Zelo pogosti
(> 1/10): nespecnost, glavobol, vroc¢inski oblivi, navzea, mo¢nejse znojenje, bolec¢ine v sklepih, misicah in kosteh, utrujenost. Nacin
in rezim izdajanja: Predpisovanje in izdaja zdravila je le na recept zdravnika specialista ustreznega podroc¢ja medicine ali od njega
pooblascenega zdravnika. Imetnik dovoljenja za promet: Pfizer Luksembourg SARL, 51, Avenue J. F. Kennedy, L-1855, Luksemburg.
Datum zadnje revizije besedila: 31.8.2011

Pred predpisovanjem se seznanite s celotnim povzetkom glavnih znacilnosti zdravila.

>

Pfizer Luxembourg SARL, Grand Duchy of Luxembourg, 51, Avenue J.F. Kennedy, L-1855,
PFIZER, PodruZnica za svetovanje s podrotja farmacevtske dejavnosti, Ljubljana, Letaliska 3c, 1000 Ljubljana, SLOVENIJA
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