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Background. Given the critical role of tumor vasculature in tumor development, considerable efforts have been
spent on developing therapeutic strategies targeting the tumor vascular network. A variety of agents have been
developed, with two general approaches being pursued. Antiangiogenic agents (AAs) aim to interfere with the proc-
ess of angiogenesis, preventing new tumor blood vessel formation. Vascular-disrupting agents (VDAs) target existing
tumor vessels causing tumor ischemia and necrosis. Despite their great therapeutic potential, it has become clear that
their greatest clinical utility may lie in combination with conventional anticancer therapies. Radiotherapy is a widely
used treatment modality for cancer with its distinct therapeutic challenges. Thus, combining the two approaches
seems reasonable.

Conclusions. Strong biological rationale exist for combining vascular-targeted therapies with radiation. AAs and
VDAs were shown to alter the tumor microenvironment in such a way as to enhance responses to radiation. The results
of preclinical and early clinical studies have confirmed the therapeutic potential of this new treatment strategy in the

clinical setting. However, concerns about increased normal tissue toxicity, have been raised.

Key words: antiangiogenic agents; vascular-disrupting agents; radiotherapy

Introduction

Radiotherapy is an effective and widely used treat-
ment modality for many tumors, with about half of
all cancer patients undergoing radiation therapy as
a part of their treatment.! Although widely used,
tumor radioresistance remains a major problem
and a need exists to improve the cure rate by radia-
tion therapy alone. As the patient population treat-
ed with radiotherapy is so enormous, enhancing
the therapeutic outcome for even a relatively small
proportion of these has the potential to translate to
a highly significant clinical benefit. Combinations
of cytotoxic chemotherapeutic agents with radia-
tion have a synergistic effect on tumor response
and are firmly established in clinical practice for
a wide spectrum of tumors.? In recent years, there
has been increasing interest in combining vascular-
targeted therapies with radiation.’> The enhanced
antitumor efficacy of combined treatment may be
explained by the alteration of the tumor microen-

Radiol Oncol 2010; 44(2): 66-78.

vironment by vascular-targeted agents resulting in
increased radiosensitivity of the tumor. However,
the mechanisms of interaction between the two
treatment modalities are complex and involve in-
teractions between tumor stroma, the vasculature
and the tumor cells themselves, which are not cur-
rently well understood. Therefore, the ideal way to
use this potentially powerful combination for tu-
mor cure has yet to be determined.

Tumor angiogenesis

Angiogenesis is a critical step in tumor progression,
as tumors are unable to grow beyond 2 mm? with-
out a vascular supply, due to lack of oxygen and
nutrients.* Formation of new blood vessels occurs
from pre-existing vessels and allows the tumor to
grow and expand rapidly.® Tumors switch in their
development to an angiogenic phenotype. The

doi:10.2478/v10019-010-0025-9
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transition from dormant to the angiogenic state of
the tumor is termed the “angiogenic switch” and is
caused by a shift in the balance of anti- and pro-an-
giogenic factors.® It is regulated by environmental
factors and by genetic alterations that act to either
up-regulate pro-angiogenic factors, such as vas-
cular endothelial growth factor (VEGF) and basic
fibroblast growth factor (bFGF) and/or down-regu-
late inhibitors of angiogenesis, such as angiostatin,
endostatin, thrombospondin and interferons.”

The multistep process of tumor angiogenesis is
characterized by degradation of the extracellular
matrix, followed by proliferation and migration
of the underlying endothelial cells into the tumor,
with resultant vessel formation.® The initial step in
the process is activation of quiescent endothelial
cells by binding of tumor-produced or stromal-
produced growth factors to endothelial receptors.
VEGEF is a potent and specific growth factor that
plays a pivotal role in endothelial cell activation.®
The main effects of VEGF are to increase vessel
permeability and induce endothelial cell migration
and proliferation, leading to the formation of en-
dothelial sprouts, which then anastomose to form
vascular loops and networks.*!® VEGF also acts
as a survival factor for endothelial cells by inhib-
iting apoptosis.!! It is therefore a pivotal driver of
tumor angiogenesis, allowing tumor progression
from in situ lesions to widespread disease, and
providing the tumor with a route via which cells
can get into the circulation and form distant me-
tastases.*!2 VEGEF is secreted by almost all solid tu-
mors."? Proliferating endothelial cells found in and
around tumors produce multiple growth factors
that not only promote endothelial cell growth but
also tumor cell growth, invasion, and survival.'*!°
Angiogenesis therefore provides both a perfusion
effect and a paracrine effect for a growing tumor
and tumor cells and endothelial cells can drive
each other with resultant perpetuation and ampli-
fication of the malignant phenotype.!

Newly formed tumor blood vessels are distinct
from those of normal tissue. They are markedly dis-
ordered, often dilated, tortuous and characterized
by a relative lack of pericytes and other supporting
cells, impaired blood flow and increased vascular
permeability.’” Extravasation of macromolecules
and pertinent development of high interstitial fluid
pressure often results in vascular collapse, which
leads to acidic and hypoxic areas heterogeneously
distributed within the tumor mass.!’®** Hypoxia re-
sulting from such functional vessel abnormalities
is termed “acute” or “perfusion-limited”. The af-
fected tumor cells are found much closer to blood
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vessels than would be expected from diffusion lim-
itations and are exposed to oxygen concentrations
that vary transiently between normal, anoxia and
anywhere in-between. On the other hand, “chron-
ic” or “diffusion-limited” hypoxia is found at an
increased distance from blood vessels. In this type
of hypoxia, individual perfused vessels are char-
acterized by an oxygenation gradient surrounding
them. Cells in this area exist at all possible oxygen
concentrations ranging from anoxia at distant loca-
tions to normal values next to the vessels.?

Hypoxia, angiogenesis and
radioresistance

Hypoxia is an important stimulus for angiogen-
esis.?! Hypoxia inducible factor-1 (HIF-1) is a ma-
jor mediator of the response to hypoxia. It is a
transcriptional factor that regulates a number of
processes, including VEGF transcription, apop-
tosis and cell cycle arrest.>?® HIF-1 is regulated
mainly by hypoxia, but it can also be activated in
response to radiation.? Both the hypoxic tumor mi-
croenvironment and external stresses such as ion-
izing radiation, lead to the up-regulation of many
other pro-angiogenic factors, including VEGEF,
angiopoietin-2, nitric oxide synthase, platelet-de-
rived growth factor (PDGF) and basic fibroblastic
growth factors (bFGF).»>?¢ It has been shown that
radiotherapy alone can potentiate angiogenic proc-
esses.” Increased VEGF production in response to
irradiation has been observed in various cancer cell
lines.® This is a part of the overall cellular response
to stress and it is associated with the induction of
a variety of transcription factors that can activate
transcription of cytokines, growth factors, and cell
cycle-related genes.

Hypoxia in tumors is strongly associated with
radiation resistance as oxygen is required to chem-
ically modify free-radical damage to the target
DNA. When radiation is absorbed by the tissue, it
creates reactive oxygen species that react with and
damage cellular DNA, thus triggering cell death by
apoptosis and/or necrosis. Cells irradiated in the
presence of air are about three times more sensitive
than cells irradiated under conditions of severe hy-
poxia.” Pre-treatment measurements of tumor ox-
ygenation have been shown to predict the response
to radiotherapy and the likelihood of tumor recur-
rence, progression and metastatic disease in many
human tumors.** A more moderate hypoxia than is
needed for maximum resistance to radiation has al-
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so been shown to have a negative impact on tumor
control. This may be due to the fact that hypoxia
influences a number of biological responses that af-
fect tumor properties important for the treatment
outcome, including angiogenesis.? Different levels
of hypoxia in a tumor thus provide the conditions
for existence of viable cells that are not only radio-
resistant but angiogenic as well 3%

Vascular-targeted therapies

The importance of targeting tumor vasculature
development and function first became apparent
in the 1970s through the seminal studies of Judah
Folkman, who demonstrated that angiogenesis is
crucial for the growth and survival of tumor cells.
His findings suggest that both tumor cells and
their supporting endothelial cells are potential tar-
gets for cell killing and should be considered when
planning cancer treatment.* Destroying the tumor
vasculature deprives tumors of nutrients and oxy-
gen necessary for their growth and should also
inhibit metastatic spread, theoretically leading to
tumor regression.

As a therapeutic group, vascular-targeting
agents are unique as they have highly specific tar-
gets, while simultaneously having the potential to
be effective against a broad range of tumor types.
They are now divided into two classes; antiang-
iogenic agents (AAs), which inhibit the formation
of new blood vessels, and vascular-disrupting
agents (VDAs), which act against existing tumor
vasculature. AAs are considered to be cytostatic
in nature in contrast to VDAs, which are thought
to be cytotoxic. Although there are differences be-
tween the two groups, including their administra-
tion schedules, individual agents might show both
antiangiogenic and vascular-disrupting effects.?

Antiangiogenic agents

AAs aim to prevent the growth of new blood ves-
sels in tumors. One of the most widely studied tar-
gets for angiogenesis being explored clinically is
VEGF and its receptors. VEGF is a ligand with a
central role in signaling pathways controlling tu-
mor blood vessel development and survival. The
binding of VEGF ligands activates receptor tyro-
sine kinases, designated VEGFR1, VEGFR2 and
VEGFRS3, which in turn activate a network of dis-
tinct downstream signaling pathways. Although

the effects of VEGF receptors (VEGFR) signaling
were initially thought to be specific for the vascu-
lature, VEGF can also play a role in many other
processes.** VEGFR1 expression by colon cancer
cells contributes to colon cancer cell motility and
invasiveness but has little direct effect on prolif-
eration of these cells. VEGFR2 expression by lung
cancer cells may play a role in tumor cell survival
after cytotoxic stress.®>* Many different strategies
for inhibiting VEGF activity have been evaluated,
including the neutralization of the ligand or recep-
tor by antibodies, blocking VEGER signaling with
tyrosine kinase inhibitors and even antiangiogenic
gene therapy based on modulating the expression
of VEGF pathway-related genes.#%

Bevacizumab is a humanized monoclonal anti-
body that acts by binding and neutralizing VEGF.
In a pivotal clinical trial conducted by Hurwtz et
al., bevacizumab in combination with fluorouracil-
based chemotherapy, significantly improved the
overall survival for patients with metastatic color-
ectal cancer over chemotherapy alone.® Improved
overall survival with combination therapy was al-
so shown for patients with NSCLC and improved
progression-free survival for patients with meta-
static breast cancer and renal cell cancer was ob-
served .-

Small molecule tyrosine kinase inhibitors (TKIs)
present another class of antiangiogenic agents.
They act by preventing activation of growth factor
receptors, thus inhibiting downstream signaling
pathways. They offer the theoretical advantage of
being simultaneously active against receptors for
different growth factors. Sunitinib, for example,
targets VEGFRs, platelet-derived growth factor re-
ceptor (PDGFR) and c-kit and has shown signifi-
cant efficacy in clinical trials for renal cancer.*?

So far improvements in overall survival have
only been seen in patients with colorectal and non-
small cell lung cancers, when AAs were given in
combination with chemotherapy. One possible
reason why single-agent AAs ultimately fail is that
there is up-regulation of other pro-angiogenic fac-
tors leading to angiogenesis and tumor resistance,
hence the rationale for these drugs to be combined
with chemotherapy or radiotherapy.®

Vascular-disrupting agents
VDA cause a rapid shutdown of perfusion in the
established tumor vasculature, leading to tumor

cell ischemia and secondary tumor cell death.
These agents have the potential to destroy existing
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tumor masses and may be therefore particularly
suitable for treating large tumors, which are typi-
cally resistant to conventional therapies.®

Two major classes of VDAs that selectively tar-
get tumor vessels are in clinical development; the
ligand-directed VDAs and small molecule VDAs.
Biological or ligand-directed VDAs work by using
antibodies, peptides or growth factors which selec-
tively bind to the endothelium. Coagulation and/or
endothelial cell death is then achieved by coupling
the vascular-targeting moiety with a toxin (e.g. ri-
cin) or a pro-coagulant.* Small molecule VDAs are
at a much more advanced stage of clinical devel-
opment than ligand-based therapies. These agents
work by inducing vascular collapse, leading to ex-
tensive necrosis in tumors and include flavonoids
and tubulin-depolymerizing/binding agents.®
Flavone acetic acid and its derivatives, particularly
5,6-dimethyl-xanthenone-4-acetic acid (DMXAA),
have a complex mechanism of action and are be-
lieved to work by inducing the release of vasoac-
tive agents and cytokines, such as tumor necrosis
factor alpha (TNF-a), which leads to hemorrhagic
necrosis.”® The tubulin-binding agents (e.g. com-
bretastatin A-4 disodium phosphate) are believed
to work by selective disruption of the cytoskeleton
in proliferating endothelial cells in tumors. The
subsequent change in endothelial cell shape leads
to vessel blockage, thrombus formation, rapid re-
duction in tumor blood flow, and secondary tumor
necrosis.*

Recently, electrochemotherapy has been recog-
nized to have a vascular-disrupting effect besides
a direct cytotoxic effect on tumor cells.##% Due to
non-selective permeabilization of cells in the tu-
mors exposed to electric pulses, endothelial cells
also undergo apoptosis by uptake of bleomycin or
cisplatin.®#*® This leads to permanent blood flow
abrogation of the affected vessels leading to tumor
hypoxia and necrosis, similar as in other vascular-
disrupting agents.” It has been estimated that the
vascular-disrupting effect contributes 20-30% to
the overall antitumor effectiveness of electroche-
motherapy.*4

The result of selective vascular destruction com-
mon to all of these strategies is extensive central
tumor necrosis that leaves only a thin layer of vi-
able cells at the tumor periphery. These cells are
believed to obtain nutrients and oxygen from ves-
sels of the surrounding normal tissue and their re-
population may be the cause of treatment failure
when VDAs are used in monotherapy, therefore
combining VDAs with other standard treatment is
an obvious option.*
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Combined treatments

As oxygen is crucial for maximal effectiveness of
radiation, a logical concern when combining AAs
and VDAs with radiation would be that compro-
mising tumor vasculature by these agents would
leave a tumor hypoxic and, thus, less radiosensi-
tive. However, the mechanisms of interaction be-
tween the two treatment modalities have proved to
be more complex and involve changes in the tumor
microenvironment that may in fact result in an im-
proved treatment outcome.>

Radiotherapy and antiangiogenic agents

The understanding that tumor micro environmen-
tal factors, such as hypoxia, promote up-regulation
of angiogenic and survival pathways leading to
increased radioresistance, and that radiotherapy it-
self has pro-angiogenic effects, has prompted stud-
ies combining AAs with radiation.

Teicher’s group was the first to show that AAs
increase the tumor response when combined with
single dose radiotherapy.®%> A number of preclini-
cal studies have since indicated that AAs can en-
hance the response to radiation (Table 1). The list
of AAs evaluated in combination with radiation in-
clude non-specific antiangiogenic agent angiosta-
tin, agents targeting the VEGF signaling pathway
(anti-VEGF, anti-VEGFR antibodies and tyrosine
kinase inhibitors), COX-2 inhibitors and epidermal
growth factor receptor (EGFR) inhibitors which
also target tumor cells. The antiangiogenic and an-
titumor effects have been reported to be additive as
well as synergistic.” Lee et al. conducted important
animal experiments using an anti-VEGF antibody
in combination with radiotherapy, resulting in
synergistic antitumor effects. The anti-VEGF an-
tibody decreased tumor interstitial fluid pressure
and increased tumor perfusion, probably due to
an observed reduction of tumor vascular density
with vessel reorganization.” In addition, AAs have
been shown to increase oxygenation, thus increas-
ing overall radiosensitivity. Jain tried to reconcile
the paradoxical effects of AAs on oxygenation with
the concept of “normalization” of the tumor vas-
culature.”? He postulated that rather than obliter-
ating all tumor blood vessels, AAs destroyed only
immature vessels, reduced vascular permeability
and interstitial fluid pressure, and increased peri-
cyte recruitment to stabilize intact vessels. Such
normalization of tumor vasculature resulted in a
more stable, organized vasculature, which could
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TABLE 1. Preclinical combination trials with antiangiogenic agents and radiotherapy

Antiangiogenic agent Tumor model Reference
TNP-470 Lewis lung carcinoma 52, 53
C3H mammary carcinoma 54
U87 glioblastoma 55
Angiostatin Lewis lung carcinoma 56
D54 human glioblastoma 56
Endostatin SQ-20B squamous cell carcinoma 57
Anti-VEGF antibody Lewis lung carcinoma 58
SQ-20B squamous cell carcinoma 58
Seg-1 esophageal adenocarcinoma 58
U87 glioblastoma 58, 59
LS1747 colon adenocarcinoma 59
Seg-1 esophageal adenocarcinoma 60
U87 glioblastoma 59
VEGFR-2 blockade 61
SU5416 GL261 murine glioblastoma 62
DCI101 54A small cell lung cancer 62
U87 glioblastoma 63
MCa4 mammary carcinoma 63
MCa35 mammary carcinoma
VEGFR tyrosine kinase inhibitors 64
PTK787/1K222584 SW480 human colon adenocarcinoma 65
1D6474 Calu-6 non-small cell lung cancer 66
HT49 colorectal carcinoma 67
AZD2171 H460 non-small cell lung cancer 68
Calu-6 non-small cell lung cancer 69
LoVo colorectal carcinoma
Multi-kinase inhibitors 69
SU11248 (sunitinib) Lewis lung carcinoma 69
GL261 murine glioblastoma 70
SU6668 Lewis lung carcinoma 70

GL261 murine carcinoma

deliver oxygen and nutrients to the tumor more
efficiently via well-functioning vessels, thereby
decreasing hypoxia and hence radioresistance
(Figure 1). However, continued antiangiogenic ac-
tivity could cause vessel regression and impaired
delivery leading to exacerbation of hypoxic condi-
tions and radioresistance. Benefits of such a combi-
nation therapy may therefore be dependent upon a
transient “normalization window” of opportunity
when blood flow and tumor oxygenation are in-
creased.”

Optimal timing for delivery of antiangiogenic
therapy during the course of radiation to achieve
the greatest enhancement of the radiation re-
sponse, remains unknown and few studies have
compared different sequences of radiation therapy
and AAs.” Recently, ZD6474 (vandetanib), a small
molecule inhibitor of VEGFR2 with additional ac-
tivity against EGFR, was combined with radiation
therapy in the treatment of tumor xenografts. Two
combination schedules were examined with van-
detanib administered before each dose of radiation

(concurrent schedule) or 30 minutes after the last
dose of radiotherapy (sequential schedule). The
growth delay induced using the concurrent sched-
ule was greater than that induced by vandetanib or
radiation treatment alone but the sequential sched-
ule maximally delayed tumor growth. The authors
demonstrated that a less pronounced response in
the concurrent schedule was due to reduced tu-
mor vascular perfusion caused by administration
of vandetanib, which impaired re-oxygenation
between radiation fractions, thereby decreasing
radiosensitivity. In addition, the enhanced effect
of vandetanib and radiotherapy in the sequen-
tial schedule could be explained by abrogation of
VEGF-dependent survival signaling, which is sup-
posed to have an important role in tumor recovery
after irradiation.®

The enhancement of the effect of radiation ther-
apy by antiangiogenic therapy may be also influ-
enced by the tumor microenvironment. This was
shown in a study by Lund et al. who treated mice
with glioblastoma xenografts implanted into the
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Malignant tumor with Malignant tumor with
abnormal vasculature normalized vasculature

Poor perfusion Perfusion increases

Hypoxic areas in tumor Oxygenation in tumor increases

Normal vessels

Tumor vessels Normalized vessels

Radioresistant hypoxic cells survive. Less radioresistant hypoxic cells remain.
Angiogenesis increases. Angiogenesis is not stimulated.
Hypoxic cells partly reoxygenate. Hypoxic cells reoxygenate.

v

Normal cell
© Hypoxic tumor cell
© Oxygenated tumor cell

RT Radiotherapy
AA Antiangiogenic agent

Moderate response to fractionated radiotherapy Increased response to fractionated radiotherapy

FIGURE 1. Theoretical model explaining the biological rafionale for combining radiotherapy and AAs.

A) Abnormal tumor vasculature largely composed of immature, disordered, often dilated and tortuous blood vessels is characterized by increased
vascular permeability and impaired blood flow which leads to functional vessel abnormalities resulting in hypoxic areas in the tumor. B) After iradiation,
oxygenated cells are destroyed, leaving behind the radioresistant hypoxic cells which release proangiogenic factors and further promote angiogen-
esis. During the time between radiation fractions hypoxic cells partly reoxygenate and further stimulate tumor repopulation, ultimately resulting in a
moderate response to fractionated radiation. C) Pretreatment with AA destroys immature, inefficient tumor vessels and cause vessel reorganization thus
increasing tumor perfusion and oxygenation. D) With irradiation many radiosensitive oxygenated cells are killed. The few remaining hypoxic cells reoxy-
genate, without angiogenesis being increased. The result is a less pronounced tumor repopulation and better overall response to fractionated radiation.
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TABLE 2. Preclinical combination trials with vascular-disrupting agents and radiotherapy

Vascular disrupting agent Tumor model Reference
Tumor necrosis factor MCA-K mammary carcinoma 76
MCA-K mammary carcinoma 77
Flavone acetic acid C3H mammary carcinoma 78
DMXAA RIF-1 fibrosarcoma 79
MDAH-MCa4 mammary carcinoma 79
C3H mammary carcinoma 80
KHT sarcoma 80
Combretastatin A-4 disodium KHT sarcoma 81
phosphate Carcinoma NT 82
C3H mammary carcinoma 83
KHT sarcoma 83
Kaposi's sarcoma 84
Rhabdomyosarcoma 85
ID6126 C3H mammary carcinoma 86
A549 NSCLC 87
U87 glioblastoma 88
KHT sarcoma 89
MN-029 KHT sarcoma 90

thigh or intracranially with TNP-470 and/or radia-
tion therapy.®® Significant enhancement of the tu-
mor response to TNP-470 and radiation was seen
in the thigh tumors, but no additive effect was
observed in intracranial tumors. The authors pro-
posed that differences in the capillary beds and mi-
croenvironment of the brain and the subcutaneous
tissues of the thigh may have contributed to the
differences in response.

Radiotherapy and vascular-disrupting
agents

The presence of a viable rim of tumor cells at the
periphery after VDA treatment, as shown in pre-
clinical studies, explains the modest tumor con-
trol seen in the single-agent phase I studies.®® It
has been suggested that increased blood flow in
the adjacent normal tissue, together with probable
rapid up-regulation of angiogenic factors, such as
VEGF, directly facilitates growth and expansion of
the remaining rim of viable cells.” These cells are
believed to be well oxygenated and thus present an
excellent target for conventional cytotoxic thera-
pies. A logical rationale for combining VDAs with
radiation would therefore be the interaction of the
two treatments at the tumor microregional level;
VDA reducing or eliminating the poorly oxygen-
ated and hence radioresistant subpopulation of tu-
mor cells and radiation killing the remaining well

oxygenated peripheral cells (Figure 2). A number
of pre-clinical studies performed on rodent tumor
models over the past few years have reported en-
hanced tumor killing when VDAs were given in
combination with radiotherapy (Table 2).

A study by Murata et al. showed the importance
of scheduling.®® In his study for the murine CH3
tumors no improvement in local control was seen
when combretastatin A-4 disodium phosphate
was given 60 minutes before radiation compared
to improved results when given concurrently or
after radiotherapy. A likely explanation for this
finding is that the vascular shutdown induced by
the VDAs may have rendered some tumor cells hy-
poxic at the time of irradiation and that these cells
later re-oxygenated and survived. It was suggested
that blood flow needs to be re-established in the
remaining viable tissue to obtain maximum radio-
sensitization of the tumor. The greatest enhance-
ment of the radiation response in fractionated dose
regimens may be achieved when VDA is admin-
istered within a few hours after radiation. Under
such conditions, antitumor effects may be greater
than additive.”’ An interesting animal study con-
ducted by Siemann and Rojiani using the tubulin-
binding agent N-acetyl-colchinol (ZD6126) and
radiation showed that enhanced killing was more
likely in larger tumors than in smaller ones.® This
observation may be explained by the fact that larg-
er tumors are less radiosensitive due to increased
hypoxic regions, which can be compensated by
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VDA

Tumor vessels

No further

Viable rim of tumor cells

Central tumor
necrosis

RT

treatment

Repopulation of tumor
cells from the periphery

Tumor recurrence

The remaining viable
rim of radiosensitive
tumor cells is destroyed

Tumor control

FIGURE 2. Schematic representation of the rationale for combining radiotherapy and VDAs.

The result of VDA treatment is selective destruction of tumor vessels which causes extensive central tumor necrosis leaving only a thin layer of viable
cells at the tumor periphery. These cells are believed to obtain nutrients and oxygen from vessels of the surrounding normal tissue and their repopulation
may be the cause of treatment failure when VDAs are used in monotherapy. Combined treatment of VDA with radiotherapy may be more successful
as radiation can destroy the viable tumor rim of well oxygenated and thus radiosensitive peripheral tumor cells remaining after the use of VDA.

VDAs, whereas smaller tumors are more radiosen-
sitive with fewer areas affected by VDAs.

Studies combining electrochemotherapy with
tumor irradiation were also performed. The poten-
tiation of the radiation response in experimental
tumors was demonstrated with a single dose and
fractionated radiation regime. A potentiating effect
of 2.7 was observed with single dose irradiation
and 4.6 with the fractionated regime.”>*> The effect
of combined treatment was also demonstrated on
tubal dedifferentiated papillary adenocarcinoma
skin metastases.”® An enhanced radiation response
with this treatment modality can be explained in
part by radiosensitization of tumor cells that occurs
in the process of electropermeabilization leading to
increased uptake of radiosensitizing chemothera-
peutic drugs, and in part by a vascular-disrupting
effect, which is a result of electrochemotherapy as
described in the previous section.
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A therapeutic approach combining VDAs and
radiotherapy may therefore be particularly suit-
able for treating larger tumors. The greatest an-
titumor effect may be achieved by administering
VDA after radiation fractions. However, in order
to determine the optimal treatment schedule in the
course of fractionated radiation, further investiga-
tions are needed.

Clinical trials on radiation and
vascular-targeted therapies

The agents most widely explored in clinical tri-
als are AAs targeting VEGF and its receptors. Of
many explored in clinical trials, three have been
approved for clinical use; two small molecule TKIs
in monotherapy (sorafenib, sunitinib) for meta-
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TABLE 3. Clinical frials of vascular-targeted agents in combination with chemoradiation/radiation therapy

75

Vascular- targeted agent Phase Tumor Treatment regiment Reference
Bevacizumab (B) | poor-prognosis head and neck cancer chemoradiotherapy + B 102
Il glioblastoma multiforme after surgery temozolomide + radiotherapy + B — 103
temozolomide + B
Il locally advanced rectal cancer standard preoperative chemoradiotherapy 104
+B
I/l locally advanced inoperable colorectal chemoradiotherapy + B 105
cancer
Il locally advanced inoperable pancreatic chemoradiotherapy + B — maintenance 106
cancer chemotherapy + B
NSCLC chemoradiotherapy + B 107
Sunitinib (S) | oligometastatic cancer IGRT + S — maintenance S 108
CA4P advanced NSCLC palliative radiotherapy + CA4P 109

NSCLC = non-small cell lung cancer, IGRT = image-guided radiotherapy, CA4P = combretastatin A-4 disodium phosphate

static renal and hepatocellular carcinoma and an
anti-VEGF monoclonal antibody (bevacizumab)
in combination with chemotherapy for metastatic
colorectal cancer, NSCLC and breast cancer.%-101
Today none of these agents is approved in combi-
nation with radiation therapy. However, several
phase I and II clinical trials have been concluded
and numerous are ongoing (Table 3). Many of
the trials have showed a promising antitumor re-
sponse. However, increased toxicity, such as fistula
formation, wound healing problems and throm-
bosis, have been observed in some studies, espe-
cially when the VEGF inhibitor was combined with
chemoradiotherapy protocols.!021%7

VDAs are in a less advanced stage of clinical
development, with only a few early trials con-
cluded, mainly evaluating VDAs in monotherapy
or chemotherapy combinations.!®!!! Currently,
the most widely explored VDA in clinical trials is
combretastatin A-4 disodium phosphate, which
has already been evaluated in several Phase I trials
evaluating dosage schedules and toxicity, and has
recently entered Phase II trials in combination with
chemotherapy, radiation and radioisotopes.™

Conclusion

Advances in the understanding of tumor biology
have led to development of novel antitumor agents
targeting tumor vasculature. Initial clinical trials
testing these agents in monotherapy were some-

what disappointing and it has now become clear,
that in most advanced malignancies, vasculature-
targeting strategies will be most effective when
used in combination with conventional anticancer
therapies. Preclinical experiments on animal tumor
models using different AAs and VDAs revealed
possible mechanisms responsible for the syner-
gistic antitumor effects of radiation and vascular-
targeting strategies, based on AAs/VDAs altering
the tumor microenvironment in such a way as to
enhance responses to radiation therapy. The im-
portance of treatment sequencing has been demon-
strated in these preclinical studies.

Several early clinical trials combining AAs with
radiation have showed the potential benefits of this
treatment strategy in the clinical setting, warrant-
ing further investigations. However, the potential
for higher rates of normal tissue toxicity has been
documented, particularly in trials where AAs were
combined with chemoradiotherapy. This indicates
the need for careful design of future clinical trials
with optimal radiotherapy planning and delivery
in order to minimize damage to normal tissues. It
might be prudent to first evaluate in early trials
the combination of AAs/VDAs with radiotherapy
alone. Further attention should be placed on the
doses of AAs/VDAs, as currently there is little data
suggesting that higher doses are necessarily better
at enhancing the radiation response. Conventional
strategies for monitoring anticancer therapies may
not apply for vascular-targeted agents and clinical
trials need to be designed not only to determine if
the agents are safe and have evidence of efficacy,

Radiol Oncol 2010; 44(2): 66-78.



76

Ciric E and Sersa G / Vascular-targeted therapies in radiotherapy

but also to validate both invasive and noninvasive
surrogates of response. This will enable optimal
treatment scheduling and, perhaps more impor-
tantly, selection of the patients and tumor types
that will respond best to this new treatment strat-

egy.
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Background. Patients suffering from malignancies have increased complications due to corresponding cardiovas-
cular diseases and risk factor for the development of venous thromboembolism. Epidemiological studies have shown
that increased homocysteine plasma concentration (hyperhomocysteinemia) is related to a higher risk of coronary
heart disease, stroke, peripheral vascular disease and malignancies. Homocysteine (tHcy) is an intermediate sulfur-
containing amino acid produced from methionine during processing of dietary proteins. The plasma homocysteine
levels are strongly influenced by diet, as well as by genetic factors. Folic acid, vitamins B6 and B12 are dietary compo-
nents which influence the plasma homocysteine levels the most. Several studies have found that high blood levels of
B vitamins are related fo the integrity and function of DNA, and, are at least related to lower concentration of homo-
cysteine. Folate depletion has been found to change DNA methylation and DNA synthesis in both animal and human
studies. Because of this critical role of folate, most studies including homocysteine have focused on these two actions.
Conclusions. Hyperhomocysteinemia proves to be the most common condition highly associated with both venous
and arterial thrombosis in many cancer patients, while the associated pathophysiology has not been precisely es-
tablished yet. Therefore, of current inferest is the possible role of folate metabolism developing info a cancer initiating

hyperhomocysteinemia. This review will discuss this possibility.

Key words: homocysteine; hyperhomocysteinemia; B vitamins; cancer

Introduction

It has been long postulated that the plasma ho-
mocysteine concentration is inversely related to
the occurrence of cardiovascular and cerebrovas-
cular diseases.! More recently, increased plasma
homocysteine concentration has been postulated
as a risk factor for cancer and even as a novel tu-
mour marker.? This increased risk can be attrib-
uted to the high prevalence of classical factors in
these patients, such as hypertension, diabetes, and
dyslipidemia, but most certainly (also) to factors
resulting from the malignant disease and the ap-
plied selected therapy. For example, back in 1865
Trousseau described hypercoagulability and in-
creasing risk of »spontaneous coagulation« in pa-
tients with cancer.> Nowadays, it is established
that breast, pancreas, and gastrointestinal cancers
are associated with a higher incidence of thrombo-

Radiol Oncol 2010; 44(2): 79-85.

sis. With more advanced stages of cancer there is a
lower overall survival rate?, but, also a greater risk
of venous thromboembolism® what can addition-
ally influences on the survival of patients. A raised
plasma homocysteine level is associated with se-
rum B vitamins concentration, especially folate
levels, since these are required in homocysteine
metabolism. Adequate B vitamins intake is essen-
tial for nucleotide biosynthesis, DNA replication
and methyl group supply and thus for cell growth
and repair.® Evidence suggests that folate deple-
tion fosters the development of cancer, particularly
colorectal cance®!?, whereas high doses of folic acid
may enhance growth of cancer cells.” However, the
complexity of the folate metabolic pathway may
suggest that different metabolites of folate might
induce multiple effects in normal, preneoplastic
and malignant cells.

doi:doi:10.2478/v10019-010-0022-z
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FIGURE 1. Sfructural formulae: Homocysteine, homocystine and mixed disulfide (cysteine-homocysteine).

Homocysteine, metabolism and
cardiovascular complications

Proliferating cells secrete more homocysteine com-
pared to non-proliferating cells. Homecysteine is
a sulphur-containing intermediate in the normal
metabolism of the essential amino acid methionine
present in almost all body cells and mostly 5 to
10% of daily synthesized homocysteine (1.2 mmol/
day)! is transferred into the blood through hepa-
tocytes. The thyol group of homocysteine makes
it readily available to be oxidized in the blood at
physiological pH upon which it forms disulfide
bonds with other thyols (Figure 1).12

In a healthy population the frequency of mod-
erate hyperhomocysteinemia (12-30 pmol/L) is
5 to 7%, with higher values for men being attrib-
uted to gender differences like estrogen presence
in women. This is confirmed by the fact that after
menopause the blood levels of homocysteine of
woman approximate those in men.’® Another cause
for moderate hyperhomocysteinemia is an unbal-
anced diet with suboptimal intake of vitamins (B6,
B12 and folates), acting as coenzymes in the me-
tabolism of homocysteine.!*'> In the elderly, such
a moderate hyperhomocysteinemia due to lack of
vitamins B and folates is very common. A survey,
carried out by Herrmann ef al., showed that 32% of
healthy elderly people aged 65 to 75, and 58% of
those over 85 years of age suffer from hyperhomo-
cysteinemia, indicating that hyperhomocysteine-
mia significantly increases with age!®, therefore it
decreases in younger people as the incidence of
malignancies.!”

Via the trans-sulfuration pathway homocysteine
is converted into cystathionine to form cysteine by
cystathionine-f3-synthase, with vitamin B6 as a

Radiol Oncol 2010; 44(2): 79-85.

co-factor. Another pathway of homocysteine me-
tabolism is the re-methylation pathway, which
is connected with the folate metabolic pathway.
It involves the transfer of a methyl group from
5-methyl-tetrahydrofolate to homocysteine to form
methionine, and eventually S-adenosylmethionine.
The methyl transfer from 5-methyl-tetrahydro-
folate to homocysteine is catalyzed by methio-
nine-synthase, and requires vitamin B12 as a
cofactor (Figure 2). Important to notice is that
S-adenosylmethionine is the universal methyl
donor for methylation reactions. The resulting
tetrahydrofolate transfers into the 5.10 methyltet-
rahydrofolate with the enzyme 5.10 methyltetrahy-
drofolate reductase (MTHFR) and then into the 5
methyltetrahydrofolate (5-MTHF).!® Cellular avail-
ability of 5-MTHF may be of great importance in
regulating cellular effects of homocysteine related
to cell growth. Therefore, deficiencies of folate and
vitamin B12 and reduced activity of the involved
metabolic enzymes will inhibit the breakdown of
homocysteine, which will lead to an increase of the
intracellular homocysteine concentration.!”
Moreover, hereditary causes of increased homo-
cysteine blood concentrations exist (hyperhomo-
cysteinemia). Most studies refer to changes in the
genes for those enzymes that lead to severe hyper-
homocysteinemia, such as the CBS gene (cistation-f3
syntases) or in the GCT gene (Y cistationase), both
coding the trans-sulfuration pathway. Further,
mutations do occur in genes coding for enzymes
involved in the remethylation pathway and the re-
lated folate metabolic pathway. For a homozygous
person with a mutation MTHFR 677C =>T the en-
zyme activity is reduced to 35% of the normal.®* A
typical mutation in Europe occurs within the gene
for MTHFR 677C => T, with different incidences be-
tween German (24.5%) and Italian (43.8%) popula-
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FIGURE 2. Metaboliolism of homocysteine. dUMP - desoxyuridine monophosphate, dTMP - desoxytimidine monophosphste, THF - tetrahydrofolate, DHF
- dihydrofolate, 5-MTHF - 5-methyltetrahydrofolate, 5,10-MTHF - 5,10-methyltetrahydrofolate, 5,10 MTHFR - 5,10- methyltetrahydrofolate reductase, MS
- metionin synthase, MSR - metionin synthase reductase, B12 - vitamin B12, SAM - S-adenosylmethionine, SAH - S-adenosylhomocysteine, CBS - cystath-
jonine p-synthase, GCT - y-cystathionase, B6 - vitamin Bé.

Disturbed homocysteine
metabolism, hyperhomo-

tions.?® Moreover, it seems that this mutation and
the reduced activity of the enzyme MTHEFR are not
connected with hyperhomocysteinemia if persons

have balanced diet with optimal intake of vitamins
(B6, B12 and folates)."

Hyperhomocysteinemia is frequently associated
with folate deficiency and it has been long postu-
lated that the plasma homocysteine concentration
is inversely related to the occurrence of cardiovas-
cular disease and venous thrombosis.?2*

cysteinemia and cancer

Hyperhomocysteinemia is commonly occurring
in a wide range of unrelated diseases. For exam-
ple, in patients with renal failure a strong, positive
correlation was observed between homocysteine
(tHcy) levels, serum creatinine, and the renal

Radiol Oncol 2010; 44(2): 79-85.
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glomerular filtration rate. Rheumatoid arthritis
impaired gastric and other disturbances results
often in elevated blood tHcy.? The disease among
which elevated tHcy are observed are: Systemic
lupus erythematosus, non-insulin-dependent and
insulin-dependent diabetes mellitus, hypothy-
roidism, cognitive impairment and neuropsychi-
atric disorders (dementia, depression, schizophre-
nia), fibromyalgia and chronic fatigue syndrome,
Parkinson’s disease, cerebrovascular disorders,
and aseptic meningitis.?

Increased tHcy levels are often found in patients
with neoplastic diseases.”” In vitro it was shown
that some cancer cell lines are incapable of remeth-
ylating tHcy and it was recently shown that ovar-
ian cancer cells from patients with elevated tHcy
have impaired capacity to remethylate tHcy.?%%
Tempting to conclude that hyperhomocysteinemia
in cancer patients could be secondary to the can-
cer. However, impaired methylation of DNA and
polyamines has often been proposed to be involved
in carcinogenesis®, so the combination of increased
tHcy levels and impaired methylation capacity in
patients has been proposed as being carcinogenic.?
In lymphocytes, positive correlation between cellu-
lar tHcy levels and increased chromosome damage
was shown.™!

Patient with malignancies often have an in-
creased risk of venous thromboembolic (VTE) dis-
ease® and as such being the second most common
cause of death in cancer patients, second to the pri-
mary disease itself. The pathophysiology of this as-
sociation has not been precisely defined. However,
it has been reported that in cancer patients several
pro-coagulant factors are increased.?? Other estab-
lished contributors to the VTE increased risk is
oncological therapy as chemotherapy, hormonal
adjuvant therapy, surgery, central venous cath-
eters, immobility and inherited thrombophilia.>333
However, this oncological therapy can also influ-
ence the immunological response of treatment
patients.®® In women with advanced breast cancer
hyperhomocysteinemia is common.*® This ob-
servation could explain the high rate of venous
thrombosis in women with metastatic breast ma-
lignancy.® Furthermore, the association between
MTHEFR C677T polymorfism and breast cancer has
been reported. However a positive correlation has
not been confirmed by all studies.”” MTHFR C677T
polymorphism is associated with changes in intra-
cellular folate cofactors, affecting DNA methyla-
tion and synthesis via altered one-carbon transfer
reactions. Of further notice on this association are
potential ethnic differences.?

Radiol Oncol 2010; 44(2): 79-85.

Al-Awadi et al.* demonstrated with nude mice
implanting human breast, prostate and pancreas
tumour cells leads to decreased plasma cysteine,
homocysteine and methionine levels over a two-
month period, which was a direct result from the
progressing implanted tumour cells. In the case of
methionine, the decrease was significant only due
to progression of the breast tumours over a long
time period. The results suggest that the sulphur
amino acids cysteine, homocysteine and methio-
nine can be potentially used as plasma or serum
biomarkers for cancer progression.

Many other studies showed that the raised tHcy
is related to the cancer itself and to the extent of
the disease.?40 After remission of the cancer in chil-
dren with acute lymphoblastic leukemia the tHcy
levels returned to normal.?

Both plasma concentration of homocysteine and
neopterin, a catabolic product of guanosine triphos-
phate-GTP and as such an immune system activa-
tion marker, are closely associated and elevated in
patients with various types of disease.> From in vit-
ro studies it has been shown that tumour cells and
other proliferating cells release homocysteine.*!
This in vitro notion might be extrapolated to the in
vivo situation and could explain why hyperhomo-
cysteinemia is observed in patients with various
kinds of cancers. Within cellular immune activa-
tion, T cells release large amounts of the cytokine
IFN-v, which stimulates human monocyte-derived
macrophages and dendritic cells to produce neop-
terin.*? For example, in cancer patients, increased
urine and plasma neopterin concentrations have
been reported, suggesting enhanced cellular im-
mune activation.*** Therefore, immune activation
cascades might also be an important triggers for
the accumulation of plasma homocysteine in vari-
ous diseases, including malignancies.

When different tumours are compared, the fre-
quency of increased neopterin concentration is
much lower in patients with breast cancer that it is
in patients with other types of cancers.> Although
no association between neopterin and tumour size
or lymph node status has been shown in women
with breast cancer, follow-up examinations re-
veal that at diagnosis high urine neopterin con-
centrations are associated with shorter survival.*
However, these authors conclude that plasma ho-
mocysteine and neopterin concentrations are only
rarely elevated in breast cancer patients and they
note that the activation and proliferation of immu-
nocompetent cells rather than tumour cells prolif-
eration is responsible for hyperhomocysteinemia
in these breast cancer patients.
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B vitamins for cancer
prevention

Folate, vitamin B12, and vitamin B6, have a number
of biologic roles that make them potentially impor-
tant in cancer. Within DNA synthesis they func-
tion as coenzymes in the synthesis of purines and
thymidylate. Diminished levels of these vitamins
may result in misincorporation of uracil into DNA,
leading to chromosome breaks and disruption of
DNA repair.* As explained earlier both folate and
vitamin B12 are involved in DNA methylation.
Deficient folate and vitamin B12 levels can reduce
the availability of S-adenosylmethionine, the uni-
versal methyl donor, for DNA methylation and
may thereby influence gene expression.
Inadequate body levels of biologically active
folate, vitamin B6, and vitamin B12 are primary
determinants of high blood homocysteine levels.*
Folic acid is a component of food which has been
associated with lower cancer risk in epidemiologic
studies.”104748 Wide geographical variation and
migrant studies in cancer incidence and mortal-
ity suggest that diet and other lifestyle factors as
physical activity influence cancer risk.**° Data on
cancer incidence and mortality are available from
37 countries and analysis showed that incidence
of colorectal cancer was inversely correlated with
more cereals (grains) in the diet.>! Folic acid present
in a wide variety of plant foods, such the legumes,
vegetables, fruits and whole grains is thought to be
protective against colorectal cancer.>2* The lack of
folic acid in animal cells studies resulted in DNA
defects that resemble effects found in cancer cells.
It has been hypothesized in many epidemiologic
studies®>4% that cancer can be initiated by DNA
damage (increasing DNA methylation, and by re-
pairing and reducing formation of DNA strand
breaks of p53 and Apc genes) caused by folic ac-
id deficiency.®*>” A deficiency of folic acid leads
to a low level of thymidilic acid and alterations
in the pool of nucleotides available for DNA and
RNA synthesis. It is even suggested that adequate
folate intake may be important in the prevention
of breast cancer, particularly among women who
consume alcohol.”*% Alcohol is a known folate an-
tagonist and thus could increase an individual’s re-
quirement for folate intake. For vitamin B12, unlike
folate, variation in amount absorbed rather than
intake is the main determinant of plasma levels in
Western populations.®! In a prospective study anal-
ysis of collected blood from 195 case—control pairs,
low plasma levels of vitamin B12 were associated

with increased risk of breast cancer among post-
menopausal women; however, low plasma levels
of folate, and homocysteine were not associated
with breast cancer risk.®> Hypofolatemia and meta-
bolic alteration in homocysteine, vitamin B12 could
be associated with laryngeal cancer.®® Therefore, a
great effort was made to proof this association as
it was made to find association between cysteine
cathepsins as well as stefins and promoting and
invasion of head and neck tumours.®*% Increased
plasma vitamin B12 concentration may reduce the
risk of rectal cancer.®

A recent animal study demonstrated that a B12-
deficient diet, which was of insufficient severity to
cause anemia or illness, disturbed normal homeosta-
sis of one-carbon metabolism in the colonic mucosa
and resulted in diminished genomic DNA methyla-
tion and increased uracil misincorporation in DNA,
both of which are purported mechanisms for one-
carbon metabolism-related colonic carcinogenesis.®

In a large prospective study on health care pro-
fessionals, high intake of folic acid was found to
be significantly correlated with low incidence of
colorectal adenomas (polyps).”” Therefore the diet
regime and life style factors should be consider as
primary prevention beside also important second-
ary prevention.*? Case control studies have as
well as found high folic acid intake to be correlated
with low risk for either pancreatic cancer or breast
cancer.®”? In Greece and in Argentina studies cor-
relating breast cancer and diet found risk reduc-
tions from six to ten fold in subjects eating mostly
vegetables rich of B vitamins.” The high risk of de-
veloping cancer in a lifetime in the North American
and Western European societies might be related to
the low intake of vegetables and particularly folic
acid might be lacking in diets. Folic acid deficien-
cy could be the permissive condition that enables
DNA damage to occur and accumulate. This can
lead to DNA damage and cancer.

Is synthetic folate fortification
always good for us?

Many countries have implemented mandatory folic
acid fortification of flour and grain products to re-
duce the risk of various diseases, especially neural-
tube birth effects. Experimental evidence suggests
that high doses of folic acid may enhance growth
of cancer cells.”**7273 These effects have resulted in
substantial increase in circulating folate and un-
metabolized folic acid concentration.”>”* Described
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the beneficial effects of folate in preventing cancer,
it is also well known that high intake of synthetic
folic acid might mask vitamin B12 deficiency.”
Experimental studies suggest that excessing folic
acid may promote the progression of already ex-
isting preneoplasms.” Responsible mechanisms of
high folates concentration causing cancer promot-
ing effects include folates providing nucleotide
precursors for the preneoplastic cells improving
their replication and proliferation. Folates, methyl
donors might lead to a de novo methylation and
subsequent inactivation of tumour-suppressor
genes, resulting in accelerated tumour progres-
sion.” The safe upper limit for folate intake as well
as the safe upper folate concentration in blood are
not known.® The mandatory fortification of food
with folic acid, it dose and the time of intervention
depends by the country’s decision.”

Because the safety of folate might depend on its
chemical structure (natural folate or synthetic folic
acid), there is the question of potential adverse ef-
fects of circulating unmetabolized folic acid.”

Conclusions

Many data support a relationship between hyper-
homocysteinemia, low B vitamins concentration
and risk for various types of cancer. Defective me-
tabolism of tHcy in carcinogenesis is well docu-
mented, but the pathophysiology of this association
is not fully understood. Many authors suggest that
factors contributing to folate status are not protec-
tive against certain type of cancer, so further studies
are needed to explore folate studies in human.
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Background. Most of the presently used percutaneous arterial closure devices (PACD) for hemostasis after inter-
ventional vascular procedures are effective, but carry risk of complications by deposition of a foreign body. A new
promising externally applied PACD - chitosan-based HemCon Bandage (HCB) was explored in sheep. The HCB
hemostatic efficacy and complications occurring with its use were compared to those with the standard manual
compression (SMC).

Material and methods. Both superficial femoral arteries (SFA) of 9 heparinized sheep were catheterized with an 8F
sheath for 5 minutes. Affer the sheath withdrawal, hemostasis with the HCB was compared with hemostasis achieved
with SMC in the contralateral SFA. lliac angiograms performed by carotid artery approach determined the hemostasis
fime.

Results. The HCB use shortened time to hemostasis with a mean time of 6.9 + 3.9 minutes versus 10.8 + 2.8 minutes
for the SMC (P-value 0.019). Seven SFAs in the HCB group and only 1 SFA in the SMC group exhibited hemostasis in 5
minutes. All nine SFAs using the HCB showed femoral artery patency and demonstrated less hematoma (2/9) than in
the SMC group (8/9). No complications developed in the HCB group, one SFA occlusion was seen in the SMC group.
Conclusions. The externally applied HCB in heparinized sheep was safe and effective. It significantly shortened time
to hemostasis atf the SFA access sites following 8F sheath removal. Proper application of the HCB was necessary to
shorten hemostasis and prevent hematoma formation. The HCB should be tested in a clinically controlled study to
evaluate its efficacy in humans.

Key words: arterial catheterization; hemostasis; closure devices; hemostatic pads; chitosan-based pad

Introduction

sheaths, adjuvant anticoagulation and antiplatelets
or thrombolytic therapy has led to an increase in

Since the introduction of percutaneous catheteri-
zation in 1953!, manual compression over the
puncture site has been the standard technique for
achieving hemostasis in interventional radiology.>
With diagnostic angiography using 5F to 6F cath-
eters, manual compression followed by bed rest
has been very efficient for achieving hemostasis
and has led to less than 1% puncture site complica-
tions.? Introduction of therapeutic vascular proce-
dures with the need for 8F and larger introductory

Radiol Oncol 2010; 44(2): 86-91.

complications. Arterial access site complications as
high as 17% have been reported with intervention-
al procedures, some of them requiring corrective
surgical treatment.*®

Since the early nineties, several types of percu-
taneous arterial closure devices (PACD) have been
introduced to enhance hemostasis after interven-
tional procedures and to decrease the rate of com-
plications. These devices either replace or shorten
the time of manual compression at the puncture
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site.>¢ Externally applied hemostatic patches and
pads that accelerate the hemocoagulation process
at the puncture site are one of the newest PACD
types. Acceleration of hemostasis is caused by
active ingredients of the patches and pads that
contain procoagulants that potentiate clot forma-
tion.”? All procoagulants require compression for
hemostatis, but substantially reduce compres-
sion times. Most procoagulants require contact
with blood for activation. There have been several
clinical studies on the hemostatic efficacy of these
patches and pads.”’> However, we have found
only two experimental reports documenting the
hemostatic efficacy of procoagulants in animals.
One paper reported exploration of the efficacy of
microfibrillar collagen and thrombin applied into
the arterial puncture tract in dogs with the help
of a balloon catheter.’® The other report described
a procoagulant (chitosan) installed into the arte-
rial puncture tract in dogs.'” Chitosan is a linear
polysaccharide derived from chitin commercially
extracted from marine arthropod shells. It is com-
posed of positively charged molecules that attract
red blood cells and platelets, thereby, promoting
hemostasis. We report an exploration of the hemo-
static efficacy of chitosan-based HemCon Bandage
(HCB) (HemCon Medical Technologies, Portland,
OR) and a comparison of these bandages with
standard manual compression in a heparinized
sheep model. We used sheep for testing since their
arteries are similar in size to humans.’® In addi-
tion, their coagulation and fibrinolytic systems are
closer to those of humans when compared to ca-
nine and swine.?

Material and methods

The study protocol was approved by the
Institutional Animal Care and Use Committee.
Nine female sheep weighing from 56 to 70 kg were
used in this study. A cardiac mobile system (GE/
OEC 9800; GE Medical Systems, OEC, Salt Lake
City, UT, USA) with digital imaging was used for
fluoroscopy and angiography. Digital subtraction
angiographies were performed with an injector
(Medrad mark Plus, MEDRAD, Inc., Warrendale,
PA, USA).

Preparation of animals and their anesthesia
were described in previous paper.’® After induc-
tion of general endotracheal anesthesia, the sheep
were placed and secured with their backs on the ra-
diographic table and their hind limbs in moderate
abduction. The neck and both groins were shaved

and prepped. The right common carotid artery
(CCA) was exposed and a 9F, 50 cm long introduc-
er sheath (Cook Medical, Bloomington, IN, USA)
was retrogradely inserted into abdominal aorta. A
standard dose of heparin (100 IU/kg) was then ad-
ministered intra-arterially. Activated clotting times
(ACT) were recorded at baseline prior to heparin
administration, prior to arterial sheath removal
and at the end of the procedures. A 5F multiside-
hole catheter (Cook Medical) was then introduced
through the 9F sheath for selective angiography of
the external iliac arteries using an injection of 16
ml of Omnipaque (IOHEXOL 300 mg 1/mil, GE
Healthcare, Princeton, NJ, USA) in 2 seconds.

The access sites in each animal were the superfi-
cial femoral arteries (SFA). One SFA received treat-
ment with the HCB applied with manual compres-
sion and the contralateral SFA served as a control
with the use of SMC. The sequences of the punc-
ture sites and treatment modes were randomized.
With selective iliac angiography, a road map im-
age was created and SFA diameter was measured.
Single wall access of the SFA was done under road
map guidance with the 21 gauge needle of the
micropuncture set (Cook Medical). An 8F sheath
was then placed into the artery and left there for
5 minutes. During the sheath removal and prior
to the use of the HCB 2” X 2” in size, mild nonoc-
clusive pressure was first applied above the skin
puncture site. After the sheath was completely re-
moved, a small amount of blood was first allowed
to seep on the skin access site to contact the band-
age and initiate hemostasis. The bandage was then
applied with digital nonocclusive pressure. In the
control SFA, significant digital pressure was ap-
plied during the sheath removal to prevent blood
penetration through the puncture tract, as used in
clinical practice. Manual pressure was held in both
the treatment and control groups for 5 minutes.
Angiography was done immediately after pres-
sure relief to confirm hemostasis. If angiography
showed extravasation, compression was continued
for a further 2.5 minutes. Angiography was then
repeated every 2-1/2 minutes until no evidence of
bleeding was seen. Compression was reapplied in
the interval between repeat angiographies. Lack
of extravasation was the endpoint. The study then
proceeded on the contralateral SFA. Finally, angi-
ography of each side was performed at about 30
minutes after cessation of bleeding to check the
patency and status of the SFA. The access sites
were then checked for hematomas defined as loss
of definition of the fossa subinguinalis and raised
appearance of the skin. The degree of hematoma at
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TABLE 1. Comparison of angiographic findings, ACT values, hemostasis times and post procedure hematomas in 18 punctured
superficial femoral arteries, 9 in the HCB and ¢ in the control group

HCB group Control group p value
n=9 n=9
SFA diameter (mm) 5.4-6.1 5.4-6.1
Baseline ACT 106 - 161 (136 +/-19.8)
205-1061 267- 480 0.737
ACT prior sheath removal (sec)
(404.4 +/- 262) (371.8+/-73.1)
Hemostasis time (min) 5-15 (6.9 +/-3.9) 5-12.5 (10.8 +/- 2.8) 0.019
Artery patency at 30 min 9 8
Subcutaneous Hematoma 2 8 (2 significant)

TABLE 2. ACT values prior to sheath removal, hemostasis times and hematoma presence at puncture site in individual animals

HCB group Control group
AnimalNo. ACT Hemostasis Hematoma ACT Hemostasis Hematoma
1 348 5 0 344 12.5 +
2 268 5 0 412 7.5 +
3 447 5 0 257 12.5 +
4 800 12.5 + 1061 12.5 ++
5 361 15 + 244 12.5 ++
6 480 5 0 205 10 +
7 262 5 0 260 12.5 +
8 272 5 0 469 5 0
9 433 5 0 388 12.5 +
Mean+/- 372173.1 6.94%3.9 4041262 10.8%+2.8

ACT values in seconds, hemostasis time in minutes; Hematoma grades 0 = none, + = minor, ++ = significant

the groin was graded: 0 = no hematoma, 1 = slight
and 2 = significant. Groin area fullness with promi-
nence <1 cm was considered slight hematoma. At
the end of the study, the animals were euthanized.

Statistical analysis

Data were recorded into a worksheet (Excel 2007,
Microsoft, Redmonds, WA, USA) and summary
statistics (mean and standard deviation) were cal-
culated. Student’s t-test was used to determine if
there was a statistically significant difference be-
tween the control and treatment with regard to
achieving hemostasis. A value of P<0.05 was con-
sidered significant.

Radiol Oncol 2010; 44(2): 86-91.

Results

SFA diameters ranged from 5.4 to 6.1 mm with all
pairs being matched in size. The mean ACT prior
to the sheath removal in the HCB group was 404.4
+ 262 seconds and in the control group 371.87 +
73.1 (p=0.737). The mean time to achieve hemosta-
sis in the HCB group was 6.9 + 3.9 minutes, while
the mean time of the control group was 10.8 + 2.8
minutes (p=0.019). The results are summarized in
Table 1 and 2. In the HCB group, hemostasis at 5
minutes post sheath removal was achieved in 7 of 9
SFAs (77.8%) (Figure 1). The other 2 SFAs exhibited
hemostasis at 12.5 and 15 minutes, respectively.
One of those two delayed times to hemostasis was
equivalent to the control side and the other needed
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FIGURE 1. Hemostatic control with the chitosan-based bandage. A - Baseline angiogram prior to the superficial femoral artery
(SFA) puncture. B - Angiogram obtained after 8F sheath withdrawal and 5 minutes chitosan-based bandage compression shows
complete hemostasis. C - Angiogram obtained 30 minutes after sheath withdrawal shows patent SFA.

longer time to achieve hemostasis than the control
SFA. Hemostasis was obtained at 5 minutes after
sheath removal in one of 9 (11.1%) of the control
group (Figure 1). Angiography at about 30 minutes
after intervention showed no extravasation in ei-
ther HCB or control group. All SFAs in the HCB
group were patent without demonstrable arterial
spasm. Eight of 9 (88.9%) SFAs in the control group
were patent and spasm was found in 3 (33%) arter-
ies. Two of these SFAs exhibited small defects, pre-
sumably thrombi at the access sites. One SFA was
occluded. In the HCB group, there were two grade
1 hematomas, while in the SMC group there were
eight, two of which were grade 2.

Discussion

Numerous PACDs are now available for achieving
rapid hemostasis at percutaneous arterial access
sites after diagnostic or interventional procedures.
Madigan et al. in 2007 reviewed 14 PACDs.® Other
new PACDs are being developed and/or tested.”
Based on their principle mechanism of hemostasis,
PACDs are categorized into four groups. The first
three groups include biodegradable sealing plugs,
suture-mediated devices and staple-mediated de-
vices. They are very effective and have been the
most frequently used PACDs. However, they have
not been used without complications. Their use has
been associated with infections due to deposition

of a foreign body, bleeding, pseudo aneurysm, ar-
teriovenous fistula and arterial occlusion.>*12! The
fourth group of PACDs - patches and pads have
recently received close attention. They are topically
applied and their procoagulant ingredients accel-
erate hemocoagulation at the access site without
leaving any foreign material behind. Because of
their action, they are called “noninvasive” PACDs.”
The procoagulant components of the noninvasive
PACDs include, among others, bovine thrombin
(D-Stat-Dry-Vascular  Solutions), poly-N-acetyl
glucosamine derived from marine diatoms (Syvek
Patch-Marine Polymer Technologies), polyprolate
acetate (Clo-Sur Pad - Scion Cardiovascular) and
chitosan obtained from exoskeleton of crustaceans
(Chito-Seal, Abbot Vascular, HemCon®Bandage).
Clinical studies of D-Stat-Dry, Syvek Patch, Clor-
Sur Pad and Chito-Seal showed that these PACDs
applied with compression reduce time to hemos-
tasis after femoral artery catheterization compared
with SMC and do not increase the complication
rate when using 4-6 F sheaths 5101214

Literature is available on the hemostatic efficacy
of the HCB in traumatic animal models, and on
HCB use in trauma patients in the military, in emer-
gency departments and during surgery.”? However,
its efficacy for hemostasis after femoral artery cath-
eterization has not been documented by either ex-
perimental or clinical studies. Our experimental
study demonstrates that the HCB can be effective in
this setting. In our experimental heparinized sheep
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FIGURE 2. Hemostatic control with the standard manual compression. A - Baseline arteriogram prior SFA puncture. B - Angiogram obtained after 8F
sheath withdrawal and 5 minutes standard manual compression shows extensive extravasation from the puncture site. C - After additional 2.5 minutes
manual compression (fotal 7.5 minutes), there is decreased extravasation. D - After additional 2.5 minutes of manual compression (10 minutes total),
complete hemostasis is achieved.

model using an 8F sheath, the HCB shortened the
time to hemostasis to almost half of SMC alone.
Hemostasis was achieved with HCB in 7 of 9 punc-
ture sites within 5 minutes, in comparison to only
one site in the control group that was within 5 min-
utes. The two instances where hemostasis with the
HCB took the same amount of time or slightly long-
er time than in the control SFA was due to applica-
tion of the bandage in a manner similar to that of
standard compression where the needed blood to
activate the HCB was not allowed to seep through
the access tract. This finding strongly reinforces
the need for the presence of blood at the access site
to initiate the hemocoagulative action of chitosan.
The HCB group also demonstrated less hematoma
formation than the control group. The higher inci-
dence of hematomas, however, was undoubtedly
also related to release of pressure at the access site
for performance of angiography before hemostasis
could be established. No bleeding was found in
both groups 30 minutes after compressions, but in
two SFAs small defects suspicious of thrombi were
found at the access sites after SMC.

The study limitations include the small sample
size and the impossibility of performing a blind
study due to the distinctive appearance of the

Radiol Oncol 2010; 44(2): 86-91.

HCB. Another limitation is the absence of data on
time to ambulation and long-term efficacy of the
closure. Important information about time to am-
bulation, thus, could not be evaluated. Another
study should address these limitations and should
also include histopathologic evaluation of the SFAs
access site.

Conclusions

The chitosan-based HCB was effective and short-
ened the time to hemostasis at SFA access sites
following removal of an 8F sheath in heparinized
sheep. Proper application of the bandage, however,
was necessary to shorten hemostasis and decrease
hematoma formation. A controlled clinical study
needs to be done for evaluation of hemostatic effi-
cacy of HCB following endovascular interventions
in humans.
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Background. 3T high-field magnetic resonance imaging (MRI) scanners have recently become available for the
clinical use and are being increasingly applied in the field of whole-body imaging and chest imaging as well. The
aim of this study was to evaluate the diagnostic potential of 3 T MRI as a complementary imaging modality to CT in
detecting the pathological changes of asbestos-related thoracic diseases.

Patients and methods. Fifteen patients with the asbestos-related thoracic disease were scheduled for 3T MRI. Five
had a benign form of the disease and 10 had malignant pleural mesothelioma (MPM). From the patients with a be-
nign form of the disease their last CT examination in digital form was acquired and patients with MPM were scheduled
for CT examination with contrast media. The protocol of MR imaging consists of T2-weighted cardiac-gated breath-
hold turbo spin echo (TSE) sequences in coronal, sagittal and axial plane and T1-weighted cardiac-gated breath-hold
TSE black blood in axial plane. In T2-weighted sequences in axial plane, fat saturation was also used. CT examinations
were obtained with the administration of the contrast medium from lung apices to the lower end of the liver. Images
of 5 mm (mediastinum window) and 3 mm (lung window) in axial plan were reconstructed. MRI signal intensity of le-
sions and adjacent muscles on Syngo MultiModallity Work Place were measured.

Results. Compared to muscles pleural plaques appeared hypo-intense to iso-intense on T1 weighted images (in
100%) and also hypo-intense on T2 fs-weighted images (in 100%). MPM appeared inhomogeneous hypo-intense to
iso-intense on T1-weighted and hyperintense on T2 fs-weighted images in all patients (100%).

Conclusions. These preliminary results pointed out that MRI was equal or even better compared with CT examination
for detecting possible malignant potential of pleural changes in the asbestos-related pleural disease, using signal inten-
sity measurements of T2 fs-weighted images. The 3T MRl enabled the accurate determination of chest pathology and it
could be used for imaging of patients with the asbestos-related thoracic disease. MRl is particularly valuable because
a patient is not exposed to the harmful radiation which is important if imaging methods are used repeatedly, like in
screening programs or in monitoring of tfreatment results. This finding turned us to propose 3T MRIimaging technique as a
non-ionizing imaging method for the follow-up of patients with the isolated pleural form of the asbestos-related disease.

Key words: 3T, magnetic resonance imaging; asbestos-related thoracic disease; malignant pleural mesothelioma

Introduction

cause for malignant mesothelioma, much more im-
portant than the potential other causes as Simian

Asbestos is a generic term applied to a variety of
naturally formed hydrated silicates, which were
used because of their heat resistance properties.
Asbestos-related thoracic diseases are benign
pleural effusions, pleural plaques, diffuse pleural
thickening, rounded atelectasis, asbestosis, mes-
othelioma, and lung cancer. Asbestos is a mainly

Radiol Oncol 2010; 44(2): 92-96.

virus.! The incidence of malignant mesothelioma is
expected to peak between 2010 and 2030 in indus-
trialized countries despite the regulatory restric-
tion during the 1980s and 1990s.2

CT is a gold standard tool for the detection of
the asbestos-related thoracic disease although re-
cent studies revealed that MRI was superior in
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the detection of the invasive growth of malignant
pleural mesothelioma (MPM) in diaphragm and
endothoracic fascia or the detection of single chest
wall focus.® A high radiation dose in repeated CT
examination and the use of iodine contrast media
in patients with renal disease, diabetes and known
allergy must be considered.

3T high-field MRI scanners have recently be-
come available for the clinical use and are now in-
creasingly being applied in the field of the whole
body imaging and the thoracic imaging as well.
Due to the fact that the signal-to-noise ratio is di-
rectly related to the static magnetic field strength
the spatial resolution can be increased and the ex-
amination time can be shortened.*

MRI of the lungs is limited because of physical
and physiological factors such as low proton den-
sity, susceptibility effect, and respiratory move-
ments as well as cardiac and vascular pulsation.
Susceptibility artefacts, magnetic field distortion
and motion artefacts are increased in high-field
MRI. However, the signal loss from normal lung
parenchyma due to the susceptibility effect and the
theoretically increased signal from solid changes
may result in a higher contrast between the nor-
mal lungs and pathological changes in high-field
MRI.>6

To reduce susceptibility artefacts the turbo spin-
echo (TSE) with a short echo spacing sequence
has been recommended.” To avoid respiratory
movements the breath-hold technique in inspira-
tion with the examination time under 20 seconds
should be used® and to prevent cardiac and vascu-
lar pulsation artefacts ECG triggering must be ap-
plied. To avoid additional movements phase array
coil should be properly attached with belt.?

The aim of our study was to evaluate the diag-
nostic performance of 3T MRI for detection and
characterization of asbestos-related thoracic dis-
eases in comparison to CT.

Patients and methods

Fifteen patients with the asbestos-related thoracic
disease (ARTD) were scheduled for 3T MRI. Five
had a benign form of the disease and 10 had MPM.
From the patients with a benign form of ARTD
their last CT examination in digital form, which
was not older than one month, was acquired and
patients with MPM were scheduled for CT exami-
nation with contrast media.

All patients with the benign form of ARTD were
males and occupationally exposed to asbestos. The

median age was 66 years in range from 53 to 76
years. In patients with MPM were 6 males and 4
females. The median age of this group was 62 years
in range from 50 to 75 years. Only 3 males were oc-
cupationally exposed to asbestos, in others the his-
tory of the environmental exposure was described.
The study was approved by the national medi-
cal ethic committee of the Republic of Slovenia. A
written consent was obtained from all patients.

MRI studies

MR studies were performed with the Trio team
system (Siemens, Erlangen, Germany) equipped
with the gradient system with a maximum gradi-
ent amplitude 40 mT/m and slew rate of 200 mT/m/
ms. A matrix body coil with 6 elements in combina-
tion with a spine coil was used.

The protocol of MR imaging consists of T2-
weighted cardiac-gated breath-hold TSE se-
quences in coronal, sagittal and axial plane and
T1-weighted cardiac-gated breath-hold TSE black
blood in axial plane. In T2-weighted sequences in
axial plane Spectral pulse for saturation the signal
from fat (SPIR — fs) was also used.

T2-weighted TSE with following parameters
were performed:
Long TR (repetition time) — depends on
heart rate (two cardiac cycles were used)
e TE (echo time) 100 ms
e Slice thickness 5 mm with 1 mm gap
e Turbo factor 29 (Echo Train Length 5)
¢ Field of view between 350 to 400 mm
(depends on the patient size)
¢ Matrix size 208 x 320 with interpolation
¢ Parallel imaging factor (iPAT) 2
* Acquisition time <20 seconds.

T1-weighted TSE with following parameters
were performed:
¢ Short TR — depends on heart rate (one
cardiac cycles were used)
e TE (echo time) 28 ms
e Slice thickness 5 mm with 2.5 mm gap
e Turbo factor 9 (Echo Train Length 11)
¢ Field of view between 350 to 400 mm
(depends on the patient size)
* Matrix size 106 x 256 with interpolation
¢ Parallel imaging factor (iPAT) 2
e Acquisition time <14 seconds.

The examination time takes from 25 to 30 min-
utes depending on the patient’s cooperation.

Radiol Oncol 2010; 44(2): 92-96.
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FIGURE 1A, B. MRl and CT images of the same patient. (A) T2 fs-weighted MRl image
in axial plane shows benign hypo-intense pleural plagues with hyper-intense rim. (B)
On CT image calcification on the lateral side of the plaques are more delineated

than on MRl images.
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CT examinations

CT examinations were obtained with Somatom
16 or Definition scanners (Siemens, Erlangen,
Germany) with the administration of the contrast
medium using a power injector with 2 ml/s flow.
CT scans with 120 kV and 100 mAs were performed
from lung apices to the end of the liver. Kernel B31f
medium smooth for mediastinal window (W: 350,
C: 35) and B80f ultra sharp for the lung window
(W: 1600, C: -600) were used. Images of 5 mm (me-
diastinal window) and 3 mm (lung window) in
axial plan were reconstructed.

Measurement of MRI signal intensity

MRI signal intensity of lesions on Syngo
MultiModality Work Place were measured to es-
tablish their hyper intensity or hypo intensity com-
pared to the signal intensity of muscles.

On T1 and T2 fs-weighted images in axial plane
the circular region of interests (ROI) with area ex-
panse from 0.3 to 0.4 cm? were drawn. The region
with the pronounced artefact was avoided. Data
were collected and arranged regarding to the char-
acteristics of the lesion.

MRI and CT examinations were assessed by two
radiologists experienced in chest imaging.

Results

Compared to muscles benign pleural plaques ap-
peared hypo-intense on T2 fs-weighted images and
on T1 weighted images. In some plaques a hyper-
intense rim between the hypo-intense plaque centre
and lung parenchyma on T2 fs- weighted images
was found (Figure 1). A diffuse pleural thickening
was more distinctive on MRI than on CT images.

MPM appeared inhomogeneous hypo-intense to
iso-intense on T1-weighted and hyperintense on T2
fs-weighted images. SPIR was used to saturate the
signal from the fat and consequently a high signal
compared to the muscle was only found in malig-
nant lesions. In our study 3T MRI shows the extent
of the tumour and accompanying pleural solid and
fluid components with the greater accuracy com-
pared to CT examination (Figure 2).

Results of signal intensity measurements on
T1-weighted images (Figure 3) have shown that
the MR signal from benign pleural plaques com-
pared to muscles was hypo-intense to iso-intense
in all patients (100%). In eight patients with MPM
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(80%) the measured MR signal was hypo-intense,
iso-intense in one patient (10%) and hyper-intense
in one patient (10%).

Results of measurements on T2 fs-weighted im-
ages (Figure 4) have shown that the MR signal from
benign plaques compared to muscles was hypo-
intense in all patients (100%) and hyper-intense in
patients with MPM (100%).

Discussion

The benefit of 3T high field MR scanners which
have recently become available for the clinical use
is higher signal-to-noise ratio. For this reason the
examination time can be shortened and the spatial
resolution can be improved.* These facts are the
reason that MRI is expanding on the field of chest
imaging and becoming comparable imaging mo-
dality to CT and proposed as a valuable alternative
to certain patient groups.’

The most significant advantage of MRI of MPM
is its excellent contrast resolution of soft tissues.
Recent studies have demonstrated that MRI is su-
perior to CT in evaluating of MPM invasive growth
in diaphragm and abdominal cavity, invasion of
endothoracic fascia and mediastinal structures.3!
Falaschi ef al.!! analyzed the potential usefulness
of MR signal intensity in differentiating the malig-
nant from the benign pleural disease and conclud-
ed that the hypo-intense signal in pulse sequences
with long TR is a reliable predictive sign of the be-
nign disease. In our study the intensity of the sig-
nal measured in benign pleural plaques compared
to muscles on T1-weighted images were hypo-in-
tense to iso-intense. On T2 fs-weighted images the
signal intensity from MPM compared to muscles
was hyper-intense in all patients.

CT using high resolution protocols is superior
to MRI in imaging of parenchymal and early inter-
stitial involvement in ARTD, but MRI achieved a
comparable interobserver agreement in detecting
pleural plaques compared to CT and a higher in-
terobserver agreement in revealing other pleural
pathologies.?” In the same article it is also stated
that a hyper-intense rim of benign asbestos plaques
next to lung parenchyma on T2 weighted images
possibly correlate to reduced plaque collagen fi-
brils and that diffuse pleural thickenings are more
pronounced on MRI than on CT. In our small
group of patients with asbestosis (altogether 5 pa-
tients) we found that imaging of the asbestos pleu-
ral disease with 3T MR protocols was comparable
with CT imaging showing almost the same extent

FIGURE 2 A, B. MRl and CT images of the same patient. (A) T2 fs-weighted MRl image
in axial plane shows chest wall and diaphragmatic invasion and the extent of the
tumor in abdominal cavity (arrows). (B) Contrast enhanced CT image on the same
position shows worse contrast resolution compared to MRI.

and nature (calcified and non-calcified) of pleural
plaques, but statistically significant conclusions on
this statement needs to be confirmed on the larger
number of patients.

The incidence of ARTD is rising but the pattern
of ARTD has been changing due to the intensity of
exposures. The incidence of MPM will probably
increase at least twenty years after the interdic-
tion of asbestos.!® This fact requires the evaluation
of screening programs for the detection of early
stage malignant changes in a high risk group. MRI
is a very suitable imaging method in repeatedly
screening programs because the patient is not ex-
posed to a harmful radiation. MRI can be also used
in monitoring patients treated with chemotherapy.

Radiol Oncol 2010; 44(2): 92-96.
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FIGURE 3. Signal intensity measurement on T1 fs-weighted images.
MPM = malignant pleural mesothelioma
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FIGURE 4. Signal intensity measurement on T2 fs-weighted images.
MPM = malignant pleural mesothelioma

The results of our preliminary study show that
CT is still a gold standard in imaging patients with
thoracic diseases, also because the large number
of CT scanners is available. 3T MRI is a promising
method which can be nowadays used as a comple-
mentary method.

Radiol Oncol 2010; 44(2): 92-96.
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Background. The aim of the study was to investigate the value of diffusion weighted MR imaging in the diagnosis of
Modic type 1 change, which may be confused with the acute infectious spondylodiscitis on conventional MR imaging.
Patients and methods. Twenty-seven patients with erosive intervertebral osteochondrosis, Modic type 1 and 18
patients with spondylodiscitis were included in this retrospective study. Allimages were acquired using on 1.5 Tesla MR
units. Lumbar spinal MR imaging of 45 patients were retrieved from a digital database of a radiology record system
and evaluated by one experienced radiologist. Patients with Modic type 1 change had CT slices obtained from the
diseased disc space and the affected vertebrae.

Results. Bone marrow adjacent to the vertebral end plate in both Modic type 1 change and acute spondylodis-
cifis were hypointense on T1-weighted images. On T2-weighted images corresponding levels of vertebral end-plates
showed hyperintense signal intensity in both group. All the patients with spondylodiscitis and Modic type 1 change
were hyperintense and hypointense on diffusion-weighted MR images, respectively.

Conclusions. Our findings suggest that diffusion weighted MR imaging is an useful method in differentiating Modic
type 1 changes from acute spondylodiscitis, both of which may mimic each other, either on clinical or conventional
MRI findings.

Key words: Modic type 1 change; spondylodiscitis; magnetic resonance imaging; diffusion-weighted imaging; verte-
bral end-plate.

Introduction

Vertebral end-plate abnormalities of the lumbar
spine are commonly seen on MR images.! Of these
abnormalities most of them are frequently associ-
ated with degeneration.

Degenerative vertebral end-plate changes were
first described independently by Roos et al.> and
Modic et al.® as being a feature associated with
the degenerative disk disease. These changes, also

Radiol Oncol 2010; 44(2): 97-102.

called as erosive intervertebral osteochondrosis
(EIVO), were classified into three groups by Modic
et al.® Type 1 change is vascular granulation tis-
sue, demonstrated as low signal intensity on T1-
weighted images (T1WI) and high signal intensity
on T2-weighted images (T2WI). They are associ-
ated with fissuring of cartilaginous end-plate and
increased vascularity within the subchondral bone
marrow on the histological examination.* Type 2
change is fatty infiltration of the end-plates, dem-

doi:10.2478/v10019-010-0006-z
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FIGURE 1. Sagittal MR images from 53 years old male patient with low back pain. A) T1-weighted MR image demonstrating low-signal intensity changes
adjacent to the L4-5 disk, and B) T2-weighted MR image of the same level demonstrating high-signal intensity changes. C) On post-contrast T1-weighted
images end-plates disclose signal intensity increase, which can also be seen in spondylodiscitis. D) On DWI end-plates showing low signal infensity
changes consistent with Modic type 1 change at L4 through L5. E) and F) Axial CT slices obtained from the L4-5 disk level showing discal vacuum phe-
nomenon and sclerosis, supporting the diagnosis of degenerative disc disease.

onstrated as hyper intense signal intensity on TIWI
and hyper intense or isointense signal intensity on
T2WL. In such cases biopsy reveals the fatty re-
placement of the marrow, which is thought to be
the result of marrow ischemia.* Type III changes
consist of reduced signal intensity on both T1- and
T2-weighted images representing bone sclerosis.’

Intervertebral disk space infections typically
give rise to vertebral marrow oedema, manifesting
as areas of low signal intensity on TIWI and high
signal intensity on T2WI.?

Thereby, type 1 Modic changes may cause a di-
agnostic dilemma in patients with low back pain
since sometimes it resembles the MRI features of
spondylodiscitis.®

The diffusion weighted imaging (DWI) has re-
cently been used in the spine by many authors,
mainly for the differentiation of benign and malign
oedema of the vertebral body.”” DWH might be
also useful in the differential diagnosis of benign
from malignant lesions in other organs.! It has been
reported that benign fracture oedema depicts hypo-
isointensity on DWI whereas malign infiltration of
the vertebrae discloses hyperintensity. To distin-
guish the benign from the malignant differences is
crucial to choose the right treatment.! DWI has also
been used in spondylodiscitis. It has been shown
that DWI reveals hyperintensity in the affected ver-
tebrae and the paravertebral infectious soft tissue
in acute spondylodiscitis.’> The purpose of this in-
vestigation was to evaluate the usefulness of diffu-
sion weighted MR imaging for the differentiation of
Modic type 1 changes from acute spondylodiscitis,
both of which may mimick each other, either on the
clinical evaluation or conventional MRI findings.

Radiol Oncol 2010; 44(2): 97-102.

Patients and methods
Patients

Forty-five patients (18 patients with acute spond-
ylodiscitis and 27 patients with Modic type 1
change) who underwent lumbar MRI examinations
between January 2001 and December 2008 were in-
cluded after a review of a digital database of a ra-
diology record system. They were identified from
a total of 1400 MR imaging examinations of the
lumbar spine with a low back pain performed dur-
ing this time at our institution. Patients with signal
abnormalities limited to having previous surgery,
recent vertebral fracture, metastatic disease, and
pregnancy were excluded from the study.
Spondylodiscitis were proven with CT-guided
biopsy in 12 patients. In 6 patients the diagnosis of
spondylodiscitis were based on laboratory findings.
The diagnosis of Modic type 1 change were prov-
en either by clinical or laboratory findings. In order
to confirm the diagnosis radiologically two year-
follow-up MRI was assessed. On the follow-up
Modic type 1 in 8 of 27 patients partially converted
Modic type 2 and 14 of 27 patients fully converted
Modic type 2. Five of 27 patients were stable, and
showed no change. CT slices were obtained from
the diseased disc space and the affected vertebrae
in all the patients to support the diagnosis.
Spondylodiscitis was diagnosed in the presence
of paravertebral or epidural signal abnormalities
with or without abscess formation. If such findings
were absent, three of the following four criteria had
to be fulfilled for the disk-space infection: signal
abnormality of the bone marrow adjacent to the in-
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FIGURE 2. Sagittal MR images from 48 years old male patient with low back pain. A) Sagittal T1-weighted and B) Sagittal T2-weighted MR images
showing low and high signal respectively at both end-plates of L4-5. C) On post-contrast T1-weighted images same level demonstrating heterogenic
contrast enhancement. D) On DWI end-plates demonstrating low signal intensity changes consistent with Modic type 1 change at L4-5. E) Axial CT slices
obtained from the L4-5 disk level and F) Coronal and G) Sagittal reconstructed CT image showing sclerosis on both end-plates of L4-5.

tervertebral disk (hypointense on T1-weighted im-
ages and hyperintense on T2-weighted images, sig-
nal not well demarcated); loss of the low-intensity
vertebral endplate on T1-weighted images; hyperin-
tensity of the disk on T2-weighted images; and disk
enhancement after the injection of gadopentetate.

All patients gave a written informed consent to
use their clinical data for the study purposes. The
study protocol was approved at the research ethics
review committee of the hospital.

Imaging technique

A standard lumbar MRI protocol was employed to
all patients. All images were acquired using on 1.5
Tesla MR units. All MR studies were performed on
a 1.5 T unit (Magnetom Vision, Siemens, Erlangen,
Germany) with gradient echo-planar capabilities
and a standard phased array surface receiver coil
for imaging the spine. The imaging protocol in-
cluded axial and sagittal T1-weighted spin-echo
sequences (552/ 12[TR/TE]), axial and sagittal T2-
weighted turbo spin-echo (4000/120[TR/TE]) se-
quences, sagittal STIR(3600/60[TR/TE]) sequences,
and sagittal diffusion-weighted sequences. Sagittal
spinal DW images (b = 150 s/mm?) were acquired
in the same plane and orientation as used in the
routine sequences by using a reversed fast imag-
ing with steady-state precession (PSIF) sequence
(TR/TE 1.400 ms/100 ms; field of view 320x80 mm;
section thickness 5 mm; intersection gap 0.5 mm;
sections 6; matrix 128x256; echo train length 69 and
one excitation) with spectral presaturation and
inversion recovery (SPIR). In addition, axial and
sagittal fat-suppressed T1-weighted images were
obtained after IV infusion of 0.1 mmol/kg of gado-
pentate dimeglumine.

Image assessment

All MR images were reviewed and evaluated by
one radiologist specializing in MR imaging of the
spinal system. The abnormal levels were classified
as either infected or degenerative.

Signal intensity changes of the related disc and
vertebral body marrow adjacent to the end plates
of the degenerative spine on the conventional spin-
echo sequence MR and the diffusion weighted MR
were compared with those of spondylodiscitis.

We categorized the signal intensity of the abnor-
mal vertebra on T1-Weighted images as hypoin-
tense relative to the presumed normal marrow. The
signal of the abnormal vertebra on T2- weighted
images was categorized as hypointense, isointense
or hyperintense relative to the areas of the pre-
sumed normal marrow. On the diffusion-weighted
images, the areas of the abnormal signal intensity
were categorized as hypointense, isointense and
hyperintense with respect to the normal marrow.

Statistical analyses

The statistical analysis was carried out by using
Statistical Package of Social Science (SPSS), version
13.0.

Results

The mean ages of patients with Modic type 1 change
(Figures 1, 2) and spondylodiscitis (Figure 3)
were 52.2 years (range, 24-77 years) and 55.8 years
(range, 18-85 years), respectively.

These 27 patients had a total of 62 Modic chang-
es and 18 patients with acute spondylodiscitis had

Radiol Oncol 2010; 44(2): 97-102.
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FIGURE 3. Sagittal MR images from 38 years old male patient with acute spondy-
lodiscitis. A) T1-weighted image showing complete homogenous hypointensity at
the L1 and L2 vertebrae corpus and adjacent intervertebral disc. There are also
osteophytic changes on end-plate and loss of L1-2 intervertebral disc space. B)
T2-weighted images showing hyperintense signal intensity corresponding fo the
same level. C) Postcontrast image showing homogenous enhancement of disc and
adjacent vertebrae corpus. D) DWI revealing high signal intensity relative to neigh-
bouring normal vertebrae.

46 vertebral involvement. Four patients with type 1
Modic changes and 5 patients with spondylodisci-
tis had more than two vertebral involvements.

On CT slices of affected vertebrae in patients
with Modic type 1 change, 5 patients (18.5%) had
discal vacuum phenomenon, 22 patients (81%) had
well-defined sclerosis, and 4 patients (14.8%) had
erosions of vertebral endplates without bone de-
struction.

Bone marrow adjacent to the vertebral end
plate in both Modic type 1 change and and acute
spondylodiscitis were hypointense on T1-weighted
images. The hypointense areas in the vertebral end
plates on Tl-weighted images in patients with
Modic type 1 change enhanced either moderately
or strongly on postcontrast images, a finding which
could not be differentiated from a disc space infec-
tion. On T2-weighted images corresponding levels
of vertebral end-plates showed hyperintense signal
intensity in both groups. On diffusion-weighted
MR images with relatively low b values, all verte-
bral body marrow and end-plates with Modic type
1 change showed hypointense to normal signal
intensities. Conversely, all vertebral body marrow
and end-plates with acute infectious spondylo-
discitis showed increased signal intensities when
compared to presumed normal vertebrae.

Discussion

MR imaging (MRI) is commonly used in the di-
agnosis of patients with low back pain (LBP) and
sciatica.! In the search for causes of LBP, vertebral

Radiol Oncol 2010; 44(2): 97-102.

end-plate signal changes have come into focus.
Vertebral end-plate changes are bone marrow and
end-plate lesions visible in MRL

Different pathological processes can involve
vertebral bone marrow adjacent to the end-plates,
including degenerative disc disease, infection and
tumours, and these may present with a variety of
signal intensity as shown by MRI.

After the initial description of Modic changes
some studies have attempted to identify the cause
of such changes. Modic type 1 changes were found
to be associated with fissuring of the cartilaginous
end-plate and increased vascularity within the
subchondral bone marrow on the histological ex-
amination.* Vertebral end-plate changes consistent
with bone marrow oedema may also be seen in in-
fective discitis, following intraosseous disc hernia-
tion (Schmorl’s nodules) and within 3 months of
chemonucleolysis.!31°

Spondylodiscitis is an infection of the interverte-
bral disk and the adjacent vertebrae, with or with-
out associated epidural or psoas abscesses. It is a
serious disease both due to its long-term course
and the possible outcomes.!

Type 1 Modic change and spondylodiscitis may
both reveal similar symptoms, mainly LBP. Clinical
and laboratory findings such as white blood cell
count, erythrocyte sedimentation rate and elevated
body temperature are, supportive but not confirm-
atory evidence in infectious spondylodiscitis.!”

Stirling ef al.’® suggested a theory that bacteria
might play a causative role in LBP in Modic type
1 changes and that patients might benefit from the
antibiotic treatment. Stirling ef al.® found bacteria
in disc material from 19 of 36 patients with severe
sciatica and Albert et al.’? showed that 17 out of 32
patients with Modic type 1 changes and persist-
ent LBP achieved long-lasting pain relief after the
long-term antibiotic treatment. But Wedderkopp
et al.® showed no evidence of bacteria in vertebrae
in Modic type 1 changes in their recent study, al-
though in this study possible presence of bacteria
in the disc adjacent to the Modic type 1 changes in
the vertebrae cannot be ruled out.

Fayad et al?! found that patients with chronic
LBP and predominantly type 1 Modic changes had
a better short-term relief of symptoms following in-
tradiskal steroid injection than those with predom-
inantly type 2 changes, which further supports the
inflammatory nature of Modic type 1 changes and
the role of inflammation in the generation of LBP.

Although the aetiology of the inflammatory
process in the vertebrae is still unknown in Modic
type 1 change, there are two accepted possible
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theories.?” The most well known theory is that the
process is a part of the “normal” degenerative
process of the spine, where dehydration of the nu-
cleus and loss of disc height biomechanically leads
to unphysiological load and shear forces causing
microfractures followed by inflammation in the
vertebral end-plate and adjacent bone marrow.’ A
second theory is that anaerobic bacteria with low
virulence enter the vertebra from the bloodstream,
resulting in infection, which is represented on MRI
as Modic type 1 changes.”

On MR, type 1 change reveals hypointensity on
T1-weighted and hyperintensity on T2-weighted
images. Affected bone marrow may show mild or
strong contrast enhancement after the intravenous
contrast administration. Differentiation of these
findings from those of spondylodiscitis may not
be always possible based on the conventional MRI
findings alone.®*?2 CT may be helpful in the dif-
ferentiation showing discal vacuum phenomenon
or well-defined sclerosis and erosions of verte-
bral endplates without bone destruction, findings
that support the diagnosis of EIVO. In our patient
group, CT revealed these changes compatible with
EIVO at the end-plates adjacent to the degenerated
disc.

DWIimaging has been successful to some extent
in the differentiation of benign versus pathologic
compression fractures of the vertebral body.”>12 It
has been shown that benign bone marrow oedema
has revealed hypointensity on DWI and malign
vertebral compressions have disclosed hyperinten-
sity in the vertebral bone marrow.”” Recently it has
been reported that infective discitis has also shown
hyperintensity on DWI as well as malignancies of
the affected vertebral bone marrow.2 However, in
this study we have found hypointensity on DWI at
the Modic type 1 disorders.

In general, histopathologic findings of the type
1 bone marrow are fibrovascular tissue totally re-
placing normal marrow elements.> A possible ex-
planation for our results on diffusion-weighted
MR imaging is that in the fibrovascular degenera-
tive change, the increased free water of bone mar-
row caused by depletion of normal marrow ele-
ments leads to an increase in the extracellular vol-
ume fraction which produces low signal intensity
in diffusion-weighted MR imaging. In contrast, in
spondylodiscitis the reduction of the extracellular
volume due to densly infiltrated inflammatory
cells might lead to the increase in the signal inten-
sity on diffusion-weighted MR imaging.

Although there are some clues for the diagno-
sis of type 1 changes on routine MRI, it sometimes

may be very difficult to differentiate it from early
onset spondylodiscitis. Intervertebral disk space
infections typically give rise to vertebral marrow
edema, manifesting as areas of low signal intensity
on T1WI and high signal intensity on T2WI, there-
by mimicking type 1 Modic changes. The contrast
enhancement in the disk and endplates may occur
in both conditions. Moreover, the enhancement of
the intervertebral disc itself is not a definitive rule
for spondylodiscitis, since sometimes this cannot
be detected. Because of desiccation and dehydra-
tion, the disk often appears normal or hypointense
on T2WI in degenerative disc disease, whereas
its T2WI signal intensity is typically increased in
spondylodiskitis.?! If there is enhancing paraverte-
bral soft tissue mass adjacent to the intervertebral
disc space, the MRI findings should orient the di-
agnosis toward an infectious process.® The verte-
bral endplates are usually preserved in degenera-
tive disc disease rather than destroyed or eroded
with the bone destruction and the presence of these
findings should also remind the possibility of disk
space infection.” However, in the absence of these
findings, the decision should be made between
EIVO type I and spondylodiscitis. We believe that
DWI can make this differentiation easily and elimi-
nate the necessity of CT in these groups of patients.

There are some limitations to the study pre-
sented here. The interpretations of the MR images
were performed by only one experienced radiolo-
gist. Thus, the interobsever variability and accu-
racy associated with a less experienced radiologist
was not assessed. Another limitation was the small
number of patients who participated in the study.
The diagnosis of Modic type 1 was relied on the
clinical and radiological follow-up and we had no
histopathologic correlation in our study. Further
studies comparing histopathologic results and
DWI findings are needed.

In clinical practice, most radiologic and clini-
cal findings are sufficiently supportive for the
differential diagnosis of pathological processes
involving vertebral body marrow adjacent to the
end-plates. But, sometimes Modic type 1 change
causes a diagnostic dilemma in patients with low
back pain since it has almost the same conven-
tional MR imaging and clinical findings with the
acute spondylodiscitis. Moreover postcontrast MR
imaging will not lead to the differential diagnosis
since the Modic type 1 change will also enhance as
well as spondylodiscitis. However, DWI appears to
be useful in the differentiation of EIVO from the
acute spondylodiscitis with distinct documented
features in this study.

Radiol Oncol 2010; 44(2): 97-102.
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For this reason, when results of clinical and con-
ventional MR findings are equivocal, diffusion-
weighted MR imaging may provide an excellent
differential diagnosis between degenerative fibrov-
ascular change of the spine and pyogenic spond-
ylitis.
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Background. Priapism, persistent erection without arousal, can be classified info low-flow (venous or ischemic) and
high-flow (arterial or non-ischemic). The diagnosis of high-flow priapism can be confirmed by colour Doppler and
arteriography and it is usually treated by the endovascular embolization.

Case report. We present a case of a 20-year-old man with a post-traumatic high-flow priapism as a result of the
previous perineal frauma. After a period of watchful waiting and an unsuccessful attempt at endovascular embolizo-
tion using the resorptive gelatinous foam he was successfully treated by the endovascular embolization using N-butyl-
cyanoacrylate.

Conclusions. High-flow priapism can be successfully freated by the endovascular embolization, but the optimal
choice of the embolization agent and a careful technique is essential.

Key words: priapism; endovascular embolization; angiography; Doppler duplex ultrasonography; MRI angiography

Introduction

Priapism is a relatively rare condition character-
ized by the persistent erection in the absence of
sexual arousal. There are two main subtypes: the
more common ischemic, or low-flow, character-
ized by the impaired outflow from the corpora cav-
ernosa, and non-ischemic, or high-flow, most often
caused by trauma, characterized by the formation
of arteriocavernous fistulas and increased inflow of
blood to the corpora cavernosa. While the painful
low-flow priapism and the associated decreased
oxygenation of cavernous tissue can quickly lead
to a cavernous fibrosis and permanent damage
to penile tissues and is, therefore, an urological
emergency, high-flow priapism is often painless
and can persist for months or years, in most cases
without a permanent damage of penile tissues, but
sometimes with the reduced potency.!

The diagnosis of high-flow priapism can be con-
firmed by colour Doppler?, which can also be used

Radiol Oncol 2010; 44(2): 103-106.

to characterize the number and location of arterio-
cavernous fistulas and concomitant arterial pathol-
ogy such as pseudoaneurysms. Colour Doppler is
also useful in the follow-up, avoiding the repeated
angiography with its risks and the ionizing radia-
tion dose, although the MR angiography is usually
necessarily to evaluate the effect of the radiological
invasive interventional procedures.?

There are many treatment options in high-flow
priapism: those mentioned most often are watchful
waiting?, Doppler-guided compression®, endovas-
cular highly selective embolization and surgery.
Because the more aggressive treatment methods
are associated with a small but significant rate
of the permanent erectile dysfunction, an initial
watchful waiting period is commonly indicated.
The surgery in high-flow priapism usually consists
of the ligation of a cavernous artery or its branch
and is reported to have the highest permanent
erectile dysfunction rate, thus it is usually the last
treatment option.

doi:10.2478/v10019-010-0024-x
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FIGURE 1 A. Gray-scale ultrasound depicts anehoic region, within corpus cavernosum. B. Colour Doppler ultrasound with multiple colour signals. C.
Doppler sonogram of cavernous artery which fills the pseudoaneurysm. D. Pulsed Doppler analysis with aliasing phenomena due to furbulent high-
velocity flow in the cavernous artery. E. Venous drainage in the corpora cavenosa on Doppler sonogram.

Case report

A 20-year old patient presented with priapism
caused by previous perineal trauma. Gray-scale ul-
trasound depicted anehoic region, 14.7 x 12.7 mm in
size, within corpus cavernosum (Figure 1A) Colour
Doppler ultrasound showed multiple colour sig-
nals due to the extravasation of blood (Figure 1B).
The pulsed Doppler analysis confirmed typical to-

Radiol Oncol 2010; 44(2): 103-106.

fro signals into suspected cavernoma and a high
velocity flow in the cavernous artery which fills
the pseudoaneurysm (Figure 1C and 1D). Venous
drainage in corpora cavenosa was also found on
Doppler examination (Figure 1E)

The initial arteriography confirmed a pseudoan-
eurysm of the right cavernous artery with an arteri-
ocavernous fistula (Figure 2). A smaller arteriocav-
ernous fistula was also present on the left cavern-
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FIGURE 2. Selective angiography before embolization shows
the arteriocavernous fistula (marked with an arrow).

ous artery. The communication of the left and right
internal pudendal artery was noted, with the blood
from the left pudendal artery flowing to the right
and contributing to the filling of the pseudoaneu-
rysm on the right.

After a six-month period of watchful wait-
ing priapism did not resolve spontaneously and
a more aggressive approach was decided upon
with an attempt at highly selective embolization
of the fistulas of both cavernous arteries using the
resorptive gelatinous foam. One-month follow-up
showed a recurrence of the right-sided fistula ne-
cessitating another embolization procedure dur-
ing which the superselective catheterization was
performed and a microcatheter was inserted into
the pseudoaneurysm on the right cavernous ar-
tery. The embolization agent used was N-butyl-
cyanoacrylate (Glubran II, GEM S.rl., Viareggio,
Italy). Two-month follow-up showed the closure
of arteriocavernous fistulas with the persistence of
pseudoaneurym on the right that had morphed in-
to a small cavernoma, which was embolized using
additional N-butyl-cyanoacrylate. The end-result
was a complete occlusion of the fistula (Figure 3).
Priapism was successfully resolved and the patient
remained symptom-free and regained the erectile
function. Contrast-enhanced MR angiography fol-
low-up at 6 months showed no recurrence of the
fistula (Figure 4).

FIGURE 3. Selective angiography after the second emboliza-
tion shows the occlusion of arteriocavernous fistula (filling artery
marked with an arrow).

FIGURE 4. Confrast-enhanced MR angiography, late follow-up:
a maximum intensity projection of the pelvic vessels in the late
arterial phase shows no abnormailities.

Radiol Oncol 2010; 44(2): 103-106.
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Discussion

The endovascular selective embolization of the
pathological arteriocavernous communication is
firmly established as the invasive treatment of
choice in high-flow priapism.*” It is commonly
performed using microcatheters and a range of
embolization materials: autologous clots, ge-
latinous foam, endovascular coils® or N-butyl-
cyanoacrylate.”!? Autologous clots and gelatinous
foam are often preferred because of their spontane-
ous degradation and a reportedly lower risk of the
permanent erectile dysfunction, but could have a
greater recurrence rate.

After our first unsuccessful attempt at emboli-
zation using resorptible embolization materials
we switched to N-butyl-cyanoacrylate (Glubran
II) which could provide faster and more efficient
occlusion of the fistula. The cyanoacrylate em-
bolization is permanent and carries a higher risk
of ischemia of the vessel in question, and it con-
sequently requires a better embolization technique
and more experienced interventionists capable of
introducing the catheter and the embolization ma-
terial directly into the site of the fistula. In our case
the treatment was facilitated by the fistula being
positioned on a pseudoaneurysm of the cavern-
ous artery. Even though the fistula was occluded
after the first embolization session with N-butyl-
cyanoacrylate we elected to perform an additional
session to obliterate the residual cavernoma in or-
der to prevent a possible recanalization of the fis-
tula and recurrence.

Our case showed that embolization using
N-butyl-cyanoacrylate (Glubran II) could be used
as a second-line treatment in patients with recur-
rence after the first embolization attempt with re-
sorptible materials.

Radiol Oncol 2010; 44(2): 103-106.
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Introduction. Meningiomas are infracranial brain tumours that frequently recur. Recurrence rates up to 20% in 20
years for benign meningiomas, up to 80% for atypical meningiomas and up to 100% for malignant meningiomas, have
been reported. The most important prognostic factors for meningioma recurrence are meningioma grade, meningi-
oma invasiveness and radicality of neurosurgical resection. The aim of our study was to evaluate the differences in
antigenic expression on the surface of meningioma cells between recurrent and non-recurrent meningiomas.
Methods. 19 recurrent meningiomas and 35 non-recurrent meningiomas were compared regarding the expression
of MIB-1 antigen, progesterone receptors, cathepsin B and cathepsin L, using immunohistochemistry.

Results. MIB-1 antigen expression was higher in the recurrent meningioma group (p=0.001). No difference in pro-
gesterone receptor status between recurrent and non-recurrent meningiomas was confirmed. Immunohistochemical
intensity scores for cathepsin B (p= 0.007) and cathepsin L (p<0.001) were both higher in the recurrent than in the
non-recurrent meningioma group.

Conslusions. MIB-1 antigen expression is higher in recurrent compared to non-recurrent meningiomas. There is no
difference in expression of progesterone receptors between recurrent and non-recurrent meningiomas. Cathepsins B

and L are expressed more in recurrent meningiomas.

Key words: meningioma; recurrence; tumour markers; proliferation index, MIB-1 antigen; cathepsin B; cathepsin L

Introduction

Meningiomas represent 10-20% of primary intrac-
ranial tumours and show a wide range of histo-
morphological subtypes. According to signs of ma-
lignancy in their histological picture, they are clas-
sified by the WHO classification as benign men-
ingiomas (BM - grade I), atypical meningiomas
(AM - grade II) and malignant meningiomas (MM
- grade III). Although in general meningiomas are
considered as slow-growing benign tumours, re-
currence rates are quite high. Over a 20 year peri-
od, the recurrence rate for BM is reported to be 10-
26%, for AM 50-80% and for MM 78-100%.'* The
average recurrence-free interval ranges between 4
and 6.5 years. The most important risk factors for
the meningioma recurrence are the meningioma
grade, meningioma invasiveness and thorough-
ness of neurosurgical resection, which is a prin-

Radiol Oncol 2010; 44(2): 107-112.

cipal approach for any surgical treatment in the
brain tumour patient.>* Meningioma invasiveness
has been observed in all meningioma grades.!

Biological markers with the prognostic value
for the meningioma recurrence have been sought
in the last decades. The proliferation index Ki67
(Ki67 index), assessed as the percentage of MIB-1
positive cells in the area of greatest proliferation,
is the most frequently used proliferation index for
meningiomas. The Ki67 index was shown to cor-
relate with higher malignancy grades of meningi-
omas and was observed to be significantly more
expressed in recurrent meningiomas compared to
non-recurrent ones.” However, the Ki67 index has
not been confirmed as a statistically significant
predictor of recurrence in gross-totally removed
benign meningiomas.®’

The loss of progesterone receptors (PR), which
are normally expressed in two thirds of BM, seems

doi:10.2478/v10019-010-0028-6
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to correlate with a higher meningioma grade and
the decreased recurrence-free survival time of pa-
tients with meningiomas.*!? Other biochemical fac-
tors, like the epithelial membrane antigen, S100, ac-
tivated caspase 3 and its inhibitor survivin, HER?2,
metalloproteases MMP-2 and MMP-9 and others
have all been proposed as tumour markers signifi-
cant for the meningioma recurrence.'*"

Cathepsins are intracellular cysteine proteases
normally present in most tissues. A high expres-
sion of cathepsins B and L was found in several
malignant tumours.?** A high expression of cathe-
psin D was observed in benign meningiomas.” A
higher expression of cathepsins B in L was found
in AM and MM2 3%, compared to BM. Cathepsins
B and L were found to be expressed more in recur-
rent meningiomas.?*? However, only three recur-
rent meningiomas were studied and the need for
the evaluation of cathepsins B and L expression on
a larger series of recurrent meningiomas, was em-
phasized.

In the present study, we focused on expression
of the MIB-1 antigen, PR, cathepsin B and cathep-
sin L on meningioma cells. The aim of the study
was to compare recurrent and non-recurrent men-
ingiomas. Differences between three meningioma
grades were also sought.

Patients and methods

In our retrospective study, 54 patients (32 fe-
male and 22 male), aged from 19 to 78 (mean 55.5
years), operated for meningioma at the University
Medical Centre Ljubljana in the years 1996 - 2001,
were selected randomly for the study. Thirty-three
meningiomas were diagnosed as BM, 11 as AM
and 10 as MM. Meningiomas were operated on by
different surgeons and they were described by sur-
geons as gross-totally removed, graded as Simpson
I'or Simpson II. All meningiomas were intracranial:
24 cranial base, 16 hemispheric and 14 parasagit-
tal meningiomas were studied. Nineteen patients
were in the recurrent meningioma group, and 35
patients were in the non-recurrent meningioma
group. In the recurrent meningioma group, the
mean time to the recurrence from the first opera-
tion was 4.5 years (1-14 years). In the non-recurrent
meningioma group, tumours have not recurred for
at least 5-10 years (mean 6.5 years).

Tissue samples were fixed in formaldehyde and
embedded in paraffin wax. 5um thick sections
stained with haematoxylin and eosin (H&E) were
assessed by the pathologist with regard to grade of

Radiol Oncol 2010; 44(2): 107-112.
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FIGURE 1. Expression of MIB-1 antigen in different meningioma
grades comparing non-recurrent and recurrent meningiomas.

atypical malignant

malignancy according to the WHO classification.
In the recurrent meningioma group, 6 tumours
(34%) were benign, 5 (23%) were atypical and 8
(43%) were malignant. In the non-recurrent group,
27 (75%) were benign, 6 (18%) were atypical and 2
(7%) were malignant.

Immunohistochemistry (IH) was performed on
tissue sections cut from the most representative
paraffin block of each tumour using the standard
procedures. IH was performed according to the
routine protocols used in everyday practice at the
Institute of Pathology, Ljubljana. Primary mouse
monoclonal antibodies against human cathepsin
B and human cathepsin L (Krka, Novo mesto),
primary mouse anti-human Ki67 monoclonal an-
tibodies (clone MIB-1, No 7240, DAKO, Denmark)
and primary mouse anti-human progesterone re-
ceptor antibodies (clone PgR 636, No M3569 dilut-
ed, DAKO, Denmark) were used. Antibodies were
incubated with slides for 26 min at 40°C. The Ki67
index was calculated with the help of the Leica Q
Prodit computer program (Leica, Germany), count-
ing the percentage of MIB-1 labelled nuclei in the
most affected region. Positive or negative proges-
terone receptor status was determined. Tumours
were considered positive even if there were only a
few cells with a positive IH reaction. The intensity
of the IH reaction between cathepsin B and L anti-
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bodies and the tumour cells was scored from 0 to 5
by two independent observers. Cases with a differ-
ent score at the beginning were discussed and the
agreement was reached. Intensity and frequency of
immunostaining for cathepsins B and L was scored
with: 0 no staining; 1 very mild; 2 mild, 3 moderate,
4 strong and 5 very strong staining observed.

Statistical analysis was performed, using SPSS
16.0 for Windows (SPSS Inc., USA). The recurrent
meningioma group was compared with the non-
recurrent one. Variables used in the analysis in-
cluded meningioma grade, absence or presence of
recurrence, proliferation index, PR status, and IH
intensity scores for cathepsins B and L. Differences
in expression of biological markers were analyzed
using independent-samples T-test. Significance of
differences between recurrent and non-recurrent
meningiomas, as well as between different histo-
logical subgroups, was given as the p value; p<0.05
was considered significant.

Results

Differences between recurrent and
non-recurrent meningiomas

Proliferation index

The proliferation index was higher in the recurrent
meningioma group (p=0.001), regardless of the tu-
mour grade.

Progesterone receptor status

No differences in PR status between recurrent and
non-recurrent meningiomas were confirmed. Ten
out of 19 recurrent and 18 out of 35 non-recurrent
meningiomas had a positive PR status. PR status
did not correlate with other biological markers.

Protein expression of cathepsins B and L

IH intensity scores for cathepsin B (p=0.007) and
cathepsin L (p<0.001) were both higher in the recur-
rent than in the non-recurrent meningioma group.

Differences between meningioma grades

The proliferation index increased with the menin-
gioma grade (Figure 1). A higher proliferation in-
dex (p=0.006) and a significant loss of PR (p=0.002)
were observed in MM compared to BM (Figure 2).
Higher IH intensity scores for cathepsin B (p=0.007),
and for cathepsin L (p=0.006), were observed in MM
compared to BM (Figures 3 and 4).

B non-recurrent
@ recurrent

0,8

PR expression
8
1

o
~
]

0,2

benign malignant

FIGURE 2. Expression of PR in different meningioma grades
comparing non-recurrent and recurrent meningiomas.

atypical

Differences between recurrent and
non-recurrent meningiomas in the
BM subgroup

In the subgroup of 33 BM, recurrent BM expressed
more cathepsin L (p=0.035) than non-recurrent BM.

Discussion

In our series of 54 meningiomas, treated in a single
institution, we showed that MIB-1 antigen, cathep-
sin B and cathepsin L were expressed more in re-
current compared to non-recurrent meningiomas.
No difference in PR expression between recurrent
and non-recurrent meningiomas was noticed.

Comparing different meningioma grades, we
showed that higher meningioma grades express
more MIB-1 antigen, less PR and more cathep-
sins B and L. Differences between BM and MM
were statistically important in all four parameters.
Differences between BM and AM as well as differ-
ences between AM and MM were statistically in-
significant.

Although often studied and even used in eve-
ryday diagnostics of meningiomas, the prognostic
significance of the Ki67 index remains poorly de-

Radiol Oncol 2010; 44(2): 107-112.
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FIGURE 3. [H intensity score of cathepsin B expression in differ-
ent meningioma grades comparing non-recurrent and recur-
rent meningiomas.

fined.”?** The Ki67 index significantly increases
from BM through AM to MM, but there is a consid-
erable overlap between different grades.”?7! In a
series of primary meningiomas of all three grades,
Perry et al. reported a Ki67 index > 4.2% associated
with the decreased recurrence-free survival in uni-
variate but not in multivariate analysis.”

No correlation between the outcome and the
Ki-67 index was found in 600 cases of benign men-
ingiomas.’ The principal limitation of the Ki67 in-
dex seems to be the lack of standardization of the
technique and difficulties in defining cut-off val-
ues.>?30 Our study confirms an important role of
the Ki67 index in meningioma grading, suggesting
different cell proliferation rates in different menin-
gioma grades (Figure 1).

No differences in PR expression between recur-
rent and non-recurrent meningiomas were found
in our study. PR were expressed more frequently
in female patients’ meningiomas. A significant loss
of PR was observed in MM (Figure 2). The loss of
PR could be responsible for malignant progres-
sion of meningiomas with PR acting protectively.
According to our observations, meningioma re-
currences are most frequent for female patients at
the onset of menopause. More research work is re-
quired to confirm this observation.

Radiol Oncol 2010; 44(2): 107-112.
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FIGURE 4. IH intensity score of cathepsin L expression in different
meningioma grades comparing non-recurrent and recurrent
meningiomas.

Suggesting the invasive nature of recurrent men-
ingiomas, most research work has been focused on
proteases. Lysosomal proteases cathepsin B and L
have been associated with tumour invasiveness.?-2?
They were considered as factors contributing to in-
vasiveness of meningiomas.?>? Higher expressions
of cathepsin B, metalloprotease-2 and metallopro-
tease-9 were also detected in meningiomas, histo-
logically described as invasive.!832

In the present study, we found that cathepsins B
and L were expressed more in recurrent meningi-
omas compared to non-recurrent ones. This finding
is in accordance with previous reports about cathe-
psin expression in recurrent meningiomas which
so far have not been confirmed on a larger series.?®
Our study shows obvious differences between the
two groups, suggesting recurrent meningiomas
were biologically different — i.e. more invasive than
non-recurrent meningiomas. Our findings support
the idea of cathepsins as indicators of invasive-
ness of meningiomas. They suggest that meningi-
omas recur not only due to a higher cell prolifera-
tion marked by the Ki67 index but also due to a
more powerful invasiveness of meningioma cells,
marked by higher cathepsin B and L expression.

Our study also confirms that higher expressions
of cathepsins B and L correlate with a higher men-
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ingioma grade, as already shown in previous stud-
ies.2028 However, since invasiveness is also found
in BM, the meningioma grade is probably not di-
rectly correlated to expression of cathepsins B and
L. Several cellular mechanisms of cellular prolif-
eration, invasiveness and others are responsible for
the malignant transformation of meningiomas.

The expression of antigenic markers,the Ki67 in-
dex and cathepsins B and L seem to correlate with
a tendency of meningioma to recur. Measuring the
expression of these three antigens on meningioma
cells could have prognostic value already at the
first appearance of a meningioma. These antigenic
markers could be proposed as prognostic indica-
tors of the recurrence-free survival of patients with
meningiomas. A larger multivariate study on a
larger population is needed to confirm the prog-
nostic value of MIB-1 antigen, PR, cathepsin B and
cathepsin L on meningioma cells.

A higher probability of an individual meningi-
oma to recur would mean an alarm to start a more
aggressive therapeutic approach for the patient.
This would include more frequent control check-
ups, more frequent control MRI scans and possi-
bly immediate postoperative irradiation with the
proper radiation delivery.®® A more frequent fol-
low-up is particularly important since the median
time to recurrence in meningiomas is rather long
(4.5 years), which gives us enough time for thera-
peutic intervention.

Conclusions

The recurrence rate of meningiomas, especially of
AM and MM is quite high. So far, the most impor-
tant known prognostic factors for the meningioma
recurrence have been meningioma grade, meningi-
oma invasiveness and completeness of neurosurgi-
cal resection. Since the WHO grading system alone
does not always correctly predict the biological be-
haviour of meningiomas, antigenic markers with
prognostic significance are being sought. The MIB-
1 antigen, cathepsin B and cathepsin L are shown
to be expressed more on cells of recurrent meningi-
omas compared to non-recurrent ones. Expression
of these antigens could possibly help us to assess
the risk of meningioma recurrence with each indi-
vidual meningioma patient.
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Background. The aim of this refrospective study was to analyse the MGMT (0¢-methylguanine-DNA methyltrans-
ferase) promoter methylation status in long-term surviving (= 3 years) patients with glioblastoma multiforme (GBM).
Methods. The methylation status of the MGMT promoter was determined by bisulfite modification of the DNA and
subsequent methylation-specific polymerase-chain-reaction (MSP). DNA was exfracted from routinely formalin-fixed
and paraffin-embedded tumour tissue samples.

Results. MSP yielded interpretable results in only 14 of 33 (42%) long-term surviving patients with GBM. A methylated
band was seen in 3 of 14, methylated as well as unmethylated bands in 8 of 14 and an only unmethylated band in 3
of 14 patients, thus, yielding MGMT promoter methylation in 11 of 14 patients. The two groups of patients with methyl-
ated and unmethylated MGMT promoter status were oo small to draw any firm statistical conclusions.
Conclusions. Long-term surviving patients with GBM have very frequently intratumoural MGMT promoter methyla-
tion. This phenomenon discriminates long-term survivors from a non-selected group of patients with GBM. The stand-
ardization of the MSP for the determination of the MGMT promoter methylation status seems to be necessary in order
to make this methodology a more reliable one.

Key words: glioblastoma multiforme (GBM); high grade glioma; MGMT promoter methylation; hypermethylation;
long-term survival

Introduction

Glioblastoma multiforme (GBM) is the most com-
mon primary brain tumour in adults. It represents
the most frequently encountered type of glial tu-
mours and can also occur in children.!? Median
survival is generally only slightly longer than one
year based on multimodal approaches consisting
of maximal feasible resection, radiotherapy and

Radiol Oncol 2010; 44(2): 113-120.

chemotherapy. A substantial step forward in the
treatment of GBM was reached by the randomized
phase III trial by Stupp et al., demonstrating a sig-
nificantly longer survival in patients treated with
temozolomide in addition to radiotherapy followed
by adjuvant temozolomide with a median survival
of 15 months and a five-year survival rate of 9.8%.3

Distinct from unselected GBM patients, who
survive about one year, there is a small subgroup
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of 1% - 5% of patients with GBM that survive at
least 3 years after the diagnosis of GBM.*!2 They
are designated as long-term glioblastoma survi-
vors. This period of 36 months survival was also
adopted in our study as the lower limit for long-
term surviving GBM patients; yet, there is no gen-
erally accepted definition. All histologic diagnoses
of the putative long-term surviving GBM patients
have to be reviewed because in about one half of
the cases the histologic diagnosis of GBM is re-
classified to represent a less malignant tumour,
namely oligodendroglioma, malignant mixed oli-
godendroglioma-astrocytoma or anaplastic astro-
cytoma.®1013 Although the histologic aspect of the
tumours from long-term survivors does not differ
from that of classical survivors, it is postulated that
the long-term surviving patients are a subgroup
of GBM patients with a different biological behav-
iour, a different therapeutic responsiveness and a
distinct genetic characterization.

Clinical parameters such as young age, high
Karnofsky performance status and the extent of
radicality of surgery are associated with a better
prognosis despite the histology of a GBM.#68101415
Scott et al. found additional factors as the neuro-
logic function and the dose of radiotherapy ap-
plied in their recursive partitioning analysis to be
important prognostic variables.!® The period of
symptoms before the diagnosis in long-term GBM
survivors in contrast to average GBM patients is
significantly longer."® A significantly lower Ki-
67-labeling index compared to controls has been
described in tumours from long-term survivors.!°
Such patients exhibit fewer genetic aberrations
than typical GBM patients.” Like in oligodenrog-
lioma patients the loss of 19q is exclusive to the
long-term survivors.! Usually 6q loss, 10q loss
and 19 q gain are associated with the short-term
survival” whereas mdm2 overexpression is less
likely exhibited by the long-term GBM survivors.®
Molecular parameters, which can determinate the
step of tumour malignancy', are also important in
GBM patients.> The overexpression of the protein
P53 and the nuclear p53 expression are significant-
ly more frequently found in long-term surviving
patients.> A better molecular characterization of
long-term GBM patients is achieved by examining
of multiple markers suggesting that differing pat-
terns of genetic lesions may discriminate between
the long and the short-term survival of GBM pa-
tients.”

It has become clear that cancers in general
arise from both genetic and epigenetic changes.
Epigenetic changes, such as hypermethylation,
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may inactivate genes without changing the base
sequence. Analysing a different promoter meth-
ylation status of key regulator genes implicated
in apoptosis and inflammation hypermethylation
of TMS1/ASC was significantly more frequent in
long-term surviving GBM patients and DAPK
promoter hypermethylation was only found in the
long-term subset compared to unselected GBM pa-
tients.* Martinez et al.'® found a significantly high-
er methylation rate of MGMT in long-term GBM
patients compared to unselected GBM patients.
The MGMT gene is located on chromosome 10q26.
Methylation of the gene promoter is associated
with the loss of MGMT expression which results
in diminished DNA-repair activity. Tumour cells
lacking MGMT are prone to cell death induced by
alkylating substances such as temozolomide. In
this process the alkyl-group is transferred to the
active site of the MGMT protein that thereby be-
comes irreversibly inactivated and subsequently
degraded, requiring resynthesis. Although O¢-
methylguanine accounts for less than 10% of the
lesions induced by alkylating agents, it plays a ma-
jor role as a trigger for cytotoxicity and apoptosis.
If left unrepaired, e.g. due to epigenetic silencing
of the MGMT gene or depletion the MGMT pro-
tein by saturation of the process, O°-methyl gua-
nine persists in the DNA. Recently, Hegi et al.%,
Glas et al.*! and Sonoda ef al.?> described promoter
methylation of MGMT as an independent favour-
able prognostic factor. Patients with GBM contain-
ing a methylated MGMT promoter benefited from
temozolomide, whereas those who did not have a
methylated MGMT promoter did not have such a
benefit.20

To further characterize long-term glioblastoma
patients genetically we investigate retrospectively
the MGMT promoter methylation status by the bi-
sulfite modification of the DNA and subsequent
methylation-specific ~ polymerase-chain-reaction
(MSP) in formalin-fixed and paraffin-embedded
tumour tissue samples of 33 long-term survivors
with GBM from a single centre.

Patients and methods
Patient recruitment

Primary and secondary GBM patients surviving
longer than 36 months after the diagnosis were
retrospectively identified in a single centre, the
Department of Internal Medicine I, University of
Vienna, Vienna, Austria starting from the year 1995
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up to 2003. The histologic diagnosis of GBM ac-
cording to the World Health Organization (WHO)
classification of the brain tumours was confirmed
by the pathology review by M.P. All patients have
been treated with alkylating agents. The clinical
data were evaluated by checking patients’ records,
the presence and the extent of oedema by review-
ing the radiologic films. A cognitive impairment
was assessed by analysing the dialogues between
the treating physicians and the patients; addition-
ally, the functional capacities regarding ADL (ac-
tivities of daily living) and IADL (instrumental ac-
tivities of daily living) documented as reported by
the relatives were scored. This study has been ap-
proved by the local ethics committee and has been
performed in accordance with the ethical standards
laid down in the 1964 Declaration of Helsinki. The
informed consent for samples and the data analysis
from each patient had been obtained.

MGMT promoter methylation analysis

A MGMT promoter methylation status was ana-
lysed using methylation-specific PCR (MSP) as de-
scribed by Hegi et al.?° In brief, genomic DNA was
isolated from paraffin sections of GBM tissue us-
ing Ex-Wax DNA Extraction (Chemicon, Temecula,
California, USA). The DNA was subjected to bi-
sulfite treatment at 56°C for 16-20h. Then the DNA
was purified using Wizard DNA Clean-Up System
A7280 (Promega, Madison, Wisconsin, USA). MSP
was performed in a two-step “nested” approach
using previously defined primer sets.? The PCR
products were separated on two percent agarose
gels. A glioblastoma case with a known methyl-
ated MGMT promoter was used as the positive
control and water was used as the negative control
for MSP analysis.

MIB-1 proliferation index
immunohistochemistry

Tumour sections (3-5 micrometers thick) were im-
munostained with a monoclonal mouse anti-Ki-67
antibody (clone MIB-1, Dako, Glostrup, Denmark)
at a dilution of 1:50 for 25 minutes. For the deter-
mination of the MIB-1 proliferation index, the frac-
tion of labelled nuclei per 500 tumour cell nuclei
was manually counted using an eye grid and was
expressed as percentage.

Statistical analysis

Time to progression reached from the date of the
first neurosurgical procedure or diagnosis of gliob-
lastoma to the time of the first objective evidence
of tumour progression or the time of censoring.
Survival time was defined as the time lapse from
the initial surgery or diagnosis to the patient’s
death or the time of censoring. Time to progression
and survival were estimated using the Kaplan-
Meier method. The influence on time to progres-
sion and overall survival by sex, age, presence of
primary or secondary glioblastoma, side and re-
gion of the brain of the primary tumour, presence
of cognitive impairment, presence of oedema and
Karnofsky performance status was calculated by
the log-rank test. For the analysis of the influence
of the age of the formalin-fixed or paraffin embed-
ded tumour tissue on the feasibility of determina-
tion of the MGMT promoter methylation status a
X2-test was used. All statistical analyses were per-
formed using the SPSS software 15.0.

Results

In this retrospective analysis 35 long-term surviv-
ing patients with GBM were identified from one
centre. 33 of them were confirmed GBM patients
after the histologic review indicating a percentage
of 6% of revised histologies. The two diagnoses
of the reclassified histologies were anaplastic oli-
godendroglioma and anaplastic astrocytoma. As
40 patients per year with primary GBM are treated
in the institution this results in about four patients
per year becoming long-term surviving GBM pa-
tients. This corresponds to an estimated percentage
of 10% of long-term survivors in the institution.
The median follow-up was 54.2 +SD 26.1 months.
The patient’s characteristics are shown in Table 1.

Karnofsky performance score

The postoperative Karnofsky performance score of
the long-term surviving patients was at least 80%.
At the time of writing two women and three men
were professionally still active, the two women as
computer clerks with full time employment, one
of the men as a teacher for mathematics in a vo-
cational school, one as a farmer and the third as a
pizza cook.

Radiol Oncol 2010; 44(2): 113-120.
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TABLE 1. Patient characteristics 10
i
N (%) o LH.L\

Number of patients 33 -

Age (years) median (range) 38 (22-66) -% ll_l_‘

Sex E oE) "

o
Male 22 (66.7) 2 e |
Female 11 (33.3) 2 ]

[ | ——

Performance status acc. to Karnofsky (%) E \_—A
60 1(3.1)

70 3(9.1) 0.2
80 11 (33.3)
90 14 (42.4)
00
100 4(12.1) 0 25 50 75 100 125 150
Oedema Months
<1lcm 11 (33.3) FIGURE 1. Time to progression of all long-term surviving patients
with glioblastoma multiforme (n=33).
>1cm 19 (57.6)
n.e. 3(9.1)
History of glioblastoma
_ 4 Local relapses
Primary glioblastoma 31 (93.9)
S d lioblast 2 (6.1 .
eceondaly glopiasiomd () 20 of 33(61%) patients suffered a local relapse, elev-
Localisation of the tumour . .
en of them after gross total resection of the primary
Frontal 12 (36.4) tumour.
Parietal 4(12.1)
Trigonal 2 (6.1)
Temporal 8(24.2) Median time to progression
Occipital 1 (3.0)
Frontoparietal 1(3.0) The median time to progression (TTP) was 39
Insula 1(3.0) months [95% CI: 0; 105.6] (Figure 1). Patients with
Parietooccipital 2 (6.1) a biopsy at initial diagnosis had a median TTP of
Thalamus 2 (6.1) 5.3 months [95% CI: 0; 17.8 months] (n=4), patients
side of tumour localisation with a subtotal resection had a TTP of 39.3 months
Right 10 (30.3) [95% CI: 0-92 months] (n=10) and patients with a
Left 22 (66.7) total resection one of 66.9 months [95% CI: 0; 145.3
Bilateral 13 months] (n=19), respect%vely. The .clinical param-
E . eters age, sex, oedema, side and region of the brain
xtent of resection fth ’ dK fok "
Biopsy 4012.1) of the pljlmary.tumour and Karnofs y per ormance
sublofal 10 (30.3] status did not impact on the TTP. Patients with the
roral ' 57.6 unmethylated MGMT promoter had a time to pro-
O_O‘ o (57.6) gression of 7, 39 and 79+ months whereas patients

Cognitive impairment with methylated MGMT promoter had a TTP of 5
ves 11333 to 56+ months.
No 22 (66.7)

Stroke
Yes 2(6.1) Survival
No 31 (93.9)

Initial chemotherapy At the time of evaluation, 15 patients were alive,
Temozolomide 6/33 (18.2%) seven of them without tumour recurrence for up to
CCNU 15/33 (45.5%) 151+ months. The median survival was 83 months
Fotemustine/Dacarbacine 12/33 (36.4%) [95% CI; 43.8-122.3] (Figure 2). Patients with a sub-

total resection survived 47.2 months [95% CI: 28.8-

N = numbers, n.e. = not evaluable . . .
65.6 months] and patients with a total resection 83.0

Radiol Oncol 2010; 44(2): 113-120.
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FIGURE 2. Survival of all long-term surviving patients with gliob-
lastoma multiforme (n=33).

months [95% CI: 43.2; 122.9 months], respectively.
The clinical parameters age, sex, oedema, side and
region of the brain of the primary tumour and
Karnofsky performance status did not impact on
the survival. Of note, nine of the patients with a lo-
cal relapse survived longer than five years. Patients
with the unmethylated MGMT promoter had a
survival of 43, 79+ and 97+ months, respectively.
Patients with the methylated MGMT promoter had
a median survival of 48 + SD 0.97 months.

MIB-1 scoring

In seven patients the immunohistochemical staining
of MIB-1 was determined. The mean MIB-1 score
was 29.1%, the median 30.3% (range 12.1 - 49%).

MGMT promoter methylation status
(Table 2)

Only in 14 of 33 (42%) patients the determination
of the MGMT promoter methylation status by MSP
yielded interpretable results. There was no linear
correlation of the success rate to the age of the par-
affin block (p=0.5). Of 14 patients with interpretable
MSP results, three of 14 patients had a methylated
MGMT promoter, three of 14 patients an unmeth-
ylated MGMT promoter and 8 of 14 patients partly
a methylated and partly an unmethylated MGMT
promoter. Thus, the MGMT promoter methyla-
tion was found in 11 of the 14 patients. These two
groups of patients with the methylated and the un-

TABLE 2. MGMT promoter determination

N (%)

Feasible 14 (42)
Methylated 3(21.4)
Unmethylated 3 (21.4)
Methylated and unmethylated 8 (57.2)

Not feasible 19 (58)

methylated MGMT promoter status, respectively
were too small to draw reliable conclusions based
on statistical testing.

Discussion

Reports on the MGMT promoter methylation sta-
tus in long-term surviving patients with glioblas-
toma multiforme are scarce. 78.5% of long-term
survivors presented with MGMT promoter hyper-
methylation. This is in the same range as reported
by Martinez et al., Sonoda et al. and Krex et al.182>2
This high proportion of patients with the MGMT
promoter methylation is in clear contrast the 44%
(range 25- 68%) determined from 13 different
studies of unselected patients with GBM.!820243
However, the high rate of methylated tumours in
the long-term surviving patients let suggest that
MGMT promoter methylation is of paramount im-
portance for response to the actual standard ther-
apy with alkylating agents in GBM.? The proof of
this principle is eagerly awaited in form of the re-
sults of the prospective Intergroup trial RTOG0525/
EORTC26052 which will not yet be presented for
the first time at ASCO 2010 testing dose-intense
temozolomide in comparison to standard-dose te-
mozolomide dependent on the MGMT promoter
methylation status in GBM patients.

Although 33 patients were initially included in
our analysis of long-term surviving patients with
GBM, the paraffin embedded tissue blocks of only
14 out of 33 (42%) patients were suitable for the
MGMT hypermethylation test by MSP. Because of
the small number of patients it was impossible to
determine whether the MGMT methylation status
was of prognostic impact in our patient cohort. The
MGMT promoter methylation status as a prog-
nostic factor in long-term surviving GBM patients
should be further evaluated in prospective studies.

The statistical analysis did not show a signifi-
cant difference between older paraffin embed-
ded tissue in contrast to younger patient samples

Radiol Oncol 2010; 44(2): 113-120.
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(p=0.5); however, only higher patient numbers in
the subgroups could provide reliable significant
results. The success rate of the methylation specific
PCR determination on paraffin-embedded tumour
samples is highly variable and centre dependent.?
Hegi et al. reported on a median success rate of 75%
(range 0-100%)?, Brandes et al. of 66%.% In contrast
to these results Aldape et al. found prospectively a
success rate of 91% in 995 patients with GBM.*

In the literature several reasons for the low suc-
cess rate of MSP testing in paraffin-embedded tu-
mour tissue of patients with GBM compared to
fresh frozen tissue are discussed. Frequently only
a very small amount of partially degraded DNA is
recovered due to extensive necrosis and scarcity of
malignant cells. Herrlinger et al. observed that 17%
of the tumour specimens did not contain enough
DNA.* Especially in tumour biopsies tumour cells
are not easily found.? Hau ef al. recommended a
good quality paraffin embedded tissue that is not
overfixed.'” The accumulation of normal cells in
the tumour, including infiltrating lymphocytes,
may complicate accurate assessment of MGMT.?
The best results with methylation-specific PCR are
obtained with cryopreserved tumour specimens,
thus avoiding the fixation-related deterioration of
the quality of DNA.3 8 of 14 our patients exhibited
both the methylated and the unmethylated MGMT
promoter. Our observation is in the same range
as reports by Martinez et al., Blanc et al., Criniere
et al.,, Cankovic et al. and Gonzalez-Gomez et al.
who found that the majority of the methylated tu-
mours also exhibited an unmethylated band, which
may arise from either normal cells within the tu-
mour sample or from a tumour cell side popula-
tion.1826313437 Qur experience shows that MGMT
promoter methylation testing may be technically
challenging. Several methods including multiplex
ligation probe amplification MLPA, real time quan-
titative polymerase chain reaction (quantitative
rt-PCR), have been proposed as potential alterna-
tives to conventional MSP. These methods need to
be critically evaluated in future studies and reliable
cut-off values for the prognostication and the pre-
diction have to be prospectively validated.*%

Two of 33 (6%) patients of our study suffered
from secondary GBM. This percentage was mark-
edly lower than the incidence of 20% reported by
Steinbach et al..° In these two patients with second-
ary GBM in our study the MGMT promoter meth-
ylation determination was not feasible due to tech-
nical reasons.

The determination of the proliferative activity in
form of MIB-1 evolved a low median score of 30.3

Radiol Oncol 2010; 44(2): 113-120.

(range 12.1-49). This observation correlated well
with the results reported by Ho et al., demonstrat-
ing a cut-off value of > 35 being related to worse
outcome in unselected GBM patients.* However,
due to sampling differences, there has no clear
prognostic impact of Ki-67 on the survival of GBM
patients been detected.!02241

In addition to the MGMT methylation status,
we compared clinical parameters of our long-term
GBM patients like age, Karnofsky-performance
score, ratio male/female, localisation of the primary
tumour, extent of surgery, laterality of the primary
tumour, incidence of cognitive impairment and
of ischemic events, incidence of relapses, median
survival, to those of other reports of long-term sur-
vivors with GBM. Most authors included patients
surviving > 3 years, Vertosick et al. those > 4 years,
McLendon et al., Steinbach et al. and Salvati et al.
patients surviving > 5 years and Morita et al. those
>7 years.6811-13

The median age at diagnosis of the patients
of this series was 38 years, which is only slightly
younger than the median of 41 years (range 37-51
years) observed in 10 different studies>6#10-13182342
and 12 years younger than the average age at diag-
nosis of unselected GBM patients (median 53 years
+0.55 years).10

One of the most important prognostic factors
in cancer patients®, the Karnofsky performance
score at the beginning of radiochemotherapy in
our 33 patients reached median 90%. This equals
the median of 90% (range 80-90%) observed in
nine other studies of long-term surviving GBM pa-
tients>71012182342 and is clearly higher than the me-
dian of 76.1% of unselected GBM.!® The sex ratio
male:female in our patient cohort was 67:33, quite
similar to other studies. There was no predilection
in laterality or in localization in a given cerebral
lobe, as in the other series of long-term surviving
GBM patients.5132

The radiological parameter “extent of oedema
>1 cm” at diagnosis of GBM was present in 58%
of our patients and did not impact on time to pro-
gression or survival in this series. In other studies
of long-term surviving patients with GBM oede-
ma was not investigated as a prognostic factor.
However, in average patients with GBM, oedema
larger than 1 cm has been reported to influence the
survival, negatively.#4

Of note, a gross total resection was achieved in
58% of the patients of this series. This has been re-
ported accordingly in the series by Scott et al. with
40%, Salvati et al. with 46% and Hottinger et al. with
48% but not by Mc Lendon et al. with 27%.%101242
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Obtaining a total gross resection appears to be of
paramount importance for achieving a long-term
survival in GBM patients. A considerably lower
percentage of gross total resections of about 40%
were recorded in studies of unselected patients.?®
However, in this series four patients (12%) under-
went only a biopsy of the primary tumour. In three
of these four patients the MGMT status was not
evaluable and in the remaining patient the MGMT
promoter was unmethylated. This raises hope that
even patients without tumour debulking and with
unmethylated MGMT promoter status can eventu-
ally achieve a long-term survival.

61% of our patients relapsed locally. This was in
line with three other reports of long-term surviv-
ing GBM patients specifying a percentage ranging
from 45-73%.191242 Of note, we did not observe dis-
tant relapses in the cohort of long-term surviving
patients.

In 33% of our patients a cognitive impairment
was recorded. A similar rate of 28% has been re-
ported by Hottinger ef al.#?

Two of 33 (6%) of our patients suffered from an
ischemic event, this was nearly identical to the 10%
observed by Steinbach et al. but clearly lower than
the 23% found by Hottinger et al..**? Further tri-
als will have to evaluate the incidence of ischemic
events in long-term surviving patients with GBM,
to identify risk factors and establish preventive
strategies.

In summary, this series of patients achieving a
long-term survival after the diagnosis of GBM il-
lustrates the validity of the prognostic factors de-
veloped in the nomogram by Gorlia et al.'® on the
patients of EORTC and NCIC trials as well as of
other series with long-term surviving patients with
GBM: young age, extensive tumour resection, fa-
vourable performance status and treatment ac-
cording to the standard of care, as well as a high
percentage of glioblastomas with MGMT promoter
methylation. The definitive role of MGMT promot-
er methylation in directing tailored chemotherapy
in GBM patients will be elucidated in the large ran-
domized international intergroup trial RTOG0525/
EORTC26052 stratifying GBM patients by MGMT
methylation status and randomizing for standard
temozolomide in contrast to dose-dense temozolo-
mide therapy. MGMT promoter methylation test-
ing represents a substantial step forward in the
treatment of patients with glioblastoma multiforme
and enables us to better understand the mode of
action of alkylating therapies and the course of the
disease. Further, new treatment options exploiting

the MGMT promoter methylation mechanism may
add to the improvements achieved in this disease.
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Background. Penile metastases are rare and usually secondary to genitourinary and colorectal cancer.

Case report. We present a case of a 77-year-old man with penile metastasis who was operated for rectal carcino-
ma. He was referred to our clinic for penile ulcerous lesion, semierectile penis and voiding dysfunction. Imaging studies
showed nodular lesion at glans penis and multiple bone metastases. He did not respond to chemoradiotherapy and

he had bad prognosis.

Conclusions. Imaging methods and biopsy may help to clarify the diagnosis but the treatment modalities are insuf-

ficient in these patients.

Key words: penis; metastasis; rectum; carcinoma

Introduction

The metastatic involvement of the penis is ex-
tremely rare, despite rich vascularisation between
the penis and the neighbouring organs. The first re-
port of secondary penile malignancy from an ade-
nocarcinoma of the rectum was defined by Eberth.!
The commonest sites of primary malignancy are
genito-urinary organs, rectum and recto-sigmoid
areas.? In literature less than 300 penile metastas-
es were reported; 50 of them are originated from
colorectal carcinoma.® Penile metastases lead to
semi-erectile penis/priapism and skin lesions.? Like
in colorectal lesions MRI is the most useful method
for the accurate diagnosis in suspected penile me-
tastases.*> An open biopsy is definitive for a the
accurate diagnosis. A high rate of suspicion is re-
quired to detect them.

In this article, we report a case of a penile me-
tastasis secondary to a rectal carcinoma three years
after the surgery.

Case report

A 78-year-old male presented in March 2002 with a
2 months history of change in bowel habit and rec-

Radiol Oncol 2010; 44(2): 121-123.

tal bleeding. The examination revealed a tumour of
the lower rectum. An abdomino-perineal excision
was performed and the pathological examination
revealed a Dukes C undifferentiated adenocarcino-
ma with the lymph nodes involvement (15/22). He
had received adjuvant chemo-radiotherapy post-
operatively. He remained well until 2 years later,
when he presented with urogenital complaints: pe-
nile ulcerous lesion, semierectile penis and voiding
dysfunction.

FIGURE 1. Physical examination showed indurations, oedema
and ulcerative lesions of glans penis.

doi:10.2478/v10019-010-0004-1
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FIGURE 2. Axial T2-weighted MR image was showed nodular metastatic involvement
of the penis shaft (arrow).

FIGURE 3. Sagittal T2-weighted MR image of the penis, demonstrating multiple
metastatic nodules (arrow).

A follow-up examination was performed in
April 2005 following the development of indura-
tions, hyperaemia, and oedema of the penis and
demonstrated 0.5 cm and 0.3 cm ulcerative lesions
on glans penis (Figure 1). The examination of the
superficial inguinal lymph nodes and the abdomi-
nal examination showed no remarkable signs.
There was also no history of trauma or infectious
disease.

A complete blood cell count showed an in-
creased white blood cell count of 16 x 103/ uL (nor-
mal range: 5-10.0 x 10%/uL), anaemia (with a hae-
moglobin of 10.2 g/dL), normal level of PSA but
increased levels of CEA (66.6 ng/ml, normal value
<3 ng/ml) and CA19.9 (67.5 U/ml, normal value

Radiol Oncol 2010; 44(2): 121-123.

<37 U/ml). Penile US was normal for corpus spongi-
osum and cavernosus. CT demonstrated metastases
of several thoracic vertebras and sacroiliac joint.
Furthermore, MRI of the penis showed multiple
pathological focuses in T2 signal and a nodular le-
sion that measured 15 mm in size, occupying the
glans penis (Figures 2,3). The patient underwent
excisional biopsy of the glans penis and inguinal
lymph node, which revealed metastatic adenocar-
cinoma consistent with his rectal carcinoma. The
patient received chemotherapy for metastatic dis-
ease until disease progression and unacceptable
toxicity. The order of drug administration each
week was irinotecan (80 mg/m?i.v. day 1) followed
by leucovorin (500 mg/m? i.v day 1) and 5-fluor-
ouracil (2300 mg/m? continuous infusion day 1).
Two days after chemotherapy administration of
the third cycle the patient was admitted to our de-
partment with fatigue, weakness, dysuria and hy-
potension. Increased level of BUN, creatinin and
decreased level of blood count were registered.
Despite the whole blood transfusion, the values of
blood count decreased (down to 5.4 g/L ) during
hospitalization. He was admitted for further medi-
cal therapy but during this admission his general
condition deteriorated and he died with progres-
sive disease.

Overall it appeared that this patient had a dis-
seminated metastatic rectal carcinoma, with an
unusual settled for the penis.

Discussion

The penile metastasis in the course of rectal cancer
is an unexpected complication, despite its proxim-
ity to the rectum and its rich vascularity. Recently
published studies showed that the penile metas-
tases are associated with prostate, urinary bladder
cancer, and infrequently with rectal carcinoma.
There have also been some reports regarding dis-
seminated metastases from the oeasophagus,
pancreas and stomach carcinoma. There are a few
pathways of metastasis to penis; frequently, retro-
grade venous route, embolism to arterial system,
retrograde lymphatic spread into the penile lym-
phatic channels, direct extension, and operative
manuplations. The retrograde venous transporta-
tion suggested the main pathways to penis metas-
tasis.!

The most common symptoms and signs are dys-
uria, voiding dysfunction, perineal pain, priapism,
penile nodules and mass.® In our case we found
voiding dysfunction, semi-erectile penis and ul-
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cerative lesions of the glans penis. Perineal pain,
which it was a feature in one-third of patients in
the series®, was not found in our case. We found
a three-year interval between the primary tumour
and penile metastasis. However, there are reports
of the metastatic involvement years after the rec-
tum carcinoma, but, penile metastases were usu-
ally reported on the average of 13 months after the
primary carcinoma.! The lung, vertebra and liver
metastasis can be associated with the penile me-
tastasis in patients with rectal carcinoma?which, in
our case, we found vertebral metastases at presen-
tation. This might reflect the fact that penile metas-
tases reflect the disseminated disease.

We believe that it would be beneficial in the dif-
ferential diagnosis to take into consideration the
findings related to voiding dysfunction, priapism
and ulcerous lesions of the penis. Peyronie’s dis-
ease, traumatic and infectious skin and syphilitic
lesions or primary carcinoma of penis, must also
be in the differential diagnosis of the penile metas-
tasis.?”

Tissue tumour markers: AFP, CEA, HCG can be
used for differential diagnosis. Penile US and CT is
the first choice for imaging but its sensitivity is lim-
ited. Cavernosogram was reported a preferable ap-
plication in some patients.® MRI reported as a very
useful method even at the beginning of the symp-
toms.> MRI demonstrates multiple metastatic nod-
ules, with a low signal intensity and is intense with
the surrounding corpus cavernosum on T1-weighted
images, and low signal intensity against the high
background intensity of the cavernous bodies on
T2-weighted imaging.” Biopsy of the penile lesions
is a favoured diagnostic modality to confirm the
diagnosis as outlined in our case report. Regardless
of the length to metastasis and difference in the
treatment of the metastatic focus, the metastasis
of the penis reflects a widely disseminated disease
and poor prognosis.

Treatment options are palliative with local
surgery, systemic chemotherapy and local radio-
therapy.*” Surgery (panectomy) remains the only
treatment with a long survival but mostly a pa-
tient dies in a year. Radiotherapy has an average
survival of 8 months, whereas chemotherapy has
not been studied for metastases from the rectum
carcinoma. In our case, metastases did not respond
to palliative therapy and showed progression of
the local disease. Despite the studies showed that
rectal primaries had longer surviving comparing
to genitor-urinary primary, we did not find any
forms of result.”#10

In conclusion, penile metastases are rarely seen
as a form of metastasis among rectal cancer pa-
tients. Imaging methods may help to clarify the
diagnosis, but penile lesions should be biopsied to
confirm the diagnosis. On the other hand, the treat-
ment modalities are insufficient for a long survey
and quality of life in these patients.
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Background. The purpose of this study is fo implement an electronic method to perform and analyze intensity-mod-
ulated radiation therapy quality assurance (IMRT QA) using an aSi megavoltage electronic portal imaging device in
a network comprised of independent treatment planning, record and verify (R&V), and delivery systems.

Methods. A verification plan was generated in the treatment planning system using the actual treatment plan of
a patient. After exporting the treatment fields to the R&V system, the fields were delivered in QA mode with the aSi
imager deployed. The resulting dosimetric images are automatically stored in a DICOM-RT format in the delivery sys-
tem treatment console computer. The relative dose density images are subsequently pushed to the R&YV system. The
absolute dose images are then transferred electronically from the treatment console computer to the treatment plan-
ning system and imported into the verification plan in the dosimetry work space for further analysis. Screen shots of the
gamma evaluation and isodose comparison are imported into the R&V system as an electronic file (e.g. PDF) to be
reviewed prior to initiation of patient treatment. A relative dose image predicted by the treatment planning system can
also be sent to the R&YV system to be compared with the relative dose density image measured with the aSiimager.
Results. Our department does not have integrated planning, R&YV, and delivery systems. In spite of this, we are able
to fully implement a paperless and filmless IMRT QA process, allowing subsequent analysis and approval to be more
efficient, while the QA document is directly attached to its specific patient chart in the R&V system in electronic form.
The calculated and measured relative dose images can be compared electronically within the R&V system to ana-
lyze the density differences and ensure proper dose delivery to patients.

Conclusions. In the absence of an integrated planning, verifying, and delivery system, we have shown that it is
nevertheless possible to develop a completely electronic IMRT QA process.

Key words: EPID; IMRT; QA; paperless; portal dosimetry; PACS: 87.53.Bn, 87.53.Kn

Introduction

Intensity-modulated radiation therapy (IMRT)
involves complex treatment plans that are com-
pletely patient specific in order to highly conform
delivered dose to the treatment volume, thus im-
proving normal tissue sparing as compared to
more traditional radiotherapy techniques.'? As
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a consequence, the complexity and uniqueness
of these treatment plans demand patient-specific
pretreatment quality assurance (QA) of all IMRT
treatments. Standard methods of IMRT QA involve
ionization chambers, diode arrays and radiograph-
ic films, often used in some combination to pro-
vide verification of absolute dose, field geometry,
number of monitor units, etc. However, these tra-
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ditional QA methods carry some distinct disadvan-
tages, especially in the clinic that delivers a large
number of IMRT treatments. These methods can be
exceedingly time and resource demanding, requir-
ing calibration and constancy checks of ionization
chambers, set-up and calibration of diode arrays,
calibration of films and expensive processing (un-
less self-developing dosimetry film is chosen as a
more convenient yet still expensive alternative).

Furthermore, for all of the QA methods listed
above, the QA analysis report may not be read-
ily available in electronic form, demanding direct
attachment to the patient paper chart (or manual
scanning into the patient electronic chart, a proc-
ess that is still not paperless). The disadvantages
of paper charts are well known and well docu-
mented? - including illegible signatures, notes and
prescriptions; inaccessibility to multiple reviewers
at one time; difficulties in locating charts and in-
ability to access them remotely; etc. Meanwhile,
the benefits of implementing an entirely paperless
electronic medical record process have also been
expounded in the literature.>” A study published
by the National Institute of Health and the Journal
of the American Medical Association concluded
that “EMRs will eventually become the standard of
care,” citing that electronic patient charts provide
complete, legible, and organized patient informa-
tion in a format that is accessible at any time, even
to multiple viewers in multiple (even remote) lo-
cations.? Given the current shift toward adopting
electronic medical records over paper charts, it is
all the more important that the pretreatment IMRT
QA process be fully electronic: no films, no print-
ing and no scanning of QA reports, treatment plans
and other documents.

In recent years, it has been demonstrated that an
electronic portal imaging device (EPID), previously
employed to replace radiographic portal images for
patient alignment, can effectively be used for ab-
solute dose measurement and pretreatment IMRT
verification.®2 In EPID IMRT QA, portal dosimet-
ric images are compared to respective portal dose
predictions created by a treatment planning system
(TPS) using geometric and dosimetric tools (such
as dose profiles and gamma evaluation).’*!> Thus,
with a properly calibrated and commissioned EPID,
all qualitative and quantitative data necessary for
verification of an IMRT fluence is acquired in a sin-
gle exposure, and all information is readily avail-
able in electronic form allowing for the possibility
of an entirely paperless IMRT QA process.

A significant roadblock to the paperless EPID
IMRT QA process is the common situation in
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which the treatment planning, record and verify
(R&V), and radiotherapy delivery systems are not
manufactured by the same vendor and thus com-
munication between these systems is not entirely
integrated. The purpose of this study is to imple-
ment a fully electronic method to perform and
analyze patient-specific IMRT QA using an EPID
in a network comprised of independent treatment
planning, R&V, and delivery systems. The advan-
tages of such a QA process over standard methods
of IMRT QA include:

1. Excellent efficiency, acquiring complete qualita-
tive and quantitative information in a single ex-
posure for each field, with no processing and no
other calibration than the absolute and relative
dose calibrations of the EPID (at intervals sug-
gested by the vendor).

2. Excellent resolution compared to ionization
chambers and diode arrays, with arrays as high
as 1024x768 pixels with 0.392 mm pixel pitch
(Varian PortalVision aS1000, Varian Medical
Systems, Palo Alto CA).

3. Possibility of weekly QA by quick acquisition of
EPID relative dose density images and compari-
son within the R&V system to TPS predictions
of those dose densities.

4. IMRT QA report electronically attached to the
patient chart within the R&V system in a pa-
perless process with no manual attachment or
tracking of QA reports, thereby decreasing the
probability of errors (e.g. misplacement of QA
document, etc.).

Methods

We have commissioned an electronic portal dosim-
etry system consisting of an amorphous silicon
(aSi) EPID (Varian Portal Vision a51000), coupled to
a Varian Trilogy linear accelerator with the Varian
Millinium Multi-Leaf Collimator (MLC, 120 leaves).
The PortalVision aS1000 is a 40x30 cm? flat-panel,
indirect detection EPID with a matrix of 1024x768
pixels with 0.392 mm pixel pitch. For this study, all
EPID images were acquired at the minimum SSD of
105 cm with gantry and collimator at zero degrees
(unless the collimator needed alternate positioning
to avoid regions of high backscatter in the EPID).!¢
The EPID was fully calibrated using the proce-
dures supplied by the vendor?, using the follow-
ing intervals: the dark field background correction
and flood field relative dose calibration were both
performed weekly; while the absolute dose calibra-
tion was performed each day that the EPID was
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in use for IMRT QA (also employing the diagonal
dose profile correction suggested by Bailey et al.’¢).
The beam symmetry, energy and output were veri-
fied each week. The TPS employed for this study
is Varian Eclipse (Version 8.6, including Portal
Dosimetry Version 8.2.24), and the R&V system is
the vendor-independent Impac Mosaiq (Version
1.6, Elekta Oncology Systems, Norcross GA).

From TPS to the R&V system

Our electronic QA process begins with a patient-
specific radiotherapy treatment plan created in
the TPS using inverse-planning IMRT techniques
based upon the patient’s 3-D computed-tomogra-
phy (CT) data and the dose criteria predefined by
the radiation oncologist. Each specific treatment
field within this plan contains 320 control points
that dictate the dynamic motion of the MLC leaves.
Firstly in this process, the TPS uses the input geo-
metric and dosimetric criteria to calculate an ideal
fluence matrix referred to as the optimal fluence.
Secondly, the optimal fluence is sent to the Leaf
Motion Calculator which incorporates various me-
chanical and geometric aspects of the delivery sys-
tem (e.g. MLC beam transmission, minimum leaf
gap, maximum leaf speed, MLC position deviation
tolerance, etc.) to calculate leaf trajectories for the
fluence that the system can capably deliver, known
as the actual fluence.!® Routine IMRT QA is partly
designed to check the accuracy of these beam mod-
els and parameters. If the necessary LINAC colli-
mator jaw settings are beyond a certain separation
(approximately 15 cm), the TPS splits the treatment
field into multiple overlapping carriages, maintain-
ing maximum degrees of freedom in MLC position
and motion. After the treatment plan is completed
and approved, the plan is electronically exported
to the R&V system as a DICOM-RT file which in-
cludes all necessary patient information and deliv-
ery information, such as number of monitor units
(MU), dose rate, collimator settings, and dynamic
MLC positions.

From R&YV system to LINAC delivery

The R&V system communicates the delivery pa-
rameters from the TPS to the delivery system (and
allows for automatic field setup), and further pro-
vides an electronic medical record (EMR) which
tracks the fractions and doses that have been de-
livered to the patient, the delivery system settings
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for each field and fraction delivered, portal images
and IMRT QA dosimetric images acquired with the
EPID (or scanned films), among other information.
When the treatment plan is delivered, whether for
pretreatment QA or actual treatment delivery, the
R&V system communicates the field setup and de-
livery information to the LINAC delivery system as
an RTP file and stands by to record the subsequent
delivered parameters and capture the acquired im-
ages. The IMRT QA process also checks the accura-
cy of communication and file transfer between the
Ré&V and delivery systems for each delivered field.

From image acquisition to the electronic
medical record

In order to acquire IMRT dosimetric images with
the Varian delivery system and portal imager, the
EPID is positioned with the center of the detecting
surface aligned to the LINAC cross-hairs and at
the desired SSD (minimum of 105 ¢cm, maximum
of 140 cm). Since the Varian TPS is programmed
to predict non-transit EPID response, no phantom
or other buildup is placed between the source and
the EPID detecting surface. The delivery system is
prompted by the user to acquire a portal dose im-
age for each field, and the image must be acquired
in “Integrated Acquisition” mode, meaning that
the EPID continuously collects data throughout the
duration of beam-on time (with maximum readout
of 20-30 frames per second") with no dependence
on the timing of LINAC beam pulses, and sums all
the collected data from one acquisition to form one
image. The patient plan is delivered from the R&V
system in QA Mode such that the delivery does
not contribute to the tracking of patient dose deliv-
ery, but the chart reviewer can see whether or not
the fields have been delivered for QA. When the
delivery of a single field is complete, the delivery
system calculates two images simultaneously from
one acquisition: (1) an integrated relative dose im-
age of the fluence (Figure 1, right panel), and (2)
an absolute dose image computed from the EPID
response and the most recent calibration data for
the appropriate energy and dose rate (Figure 2).
The absolute dose image can be collected from
the delivery system treatment console computer
via portable drive or network (we have used both
methods), but cannot be automatically exported to
the R&V system since this system has no informa-
tion about the dosimetric calibration of the imager.
However, a filter can be set up within the R&V
system to automatically collect the relative dose
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FIGURE 1. 2D integrated relative dose images displayed in the R&V software: 1) acquired using the EPID in integrated acquisition
mode (right); and 2) predicted by and exported from the TPS (left). These images are saved within the patient’s EMR, attached
directly to the appropriate freatment field, and can be compared with various measuring tools within the R&YV software (for exam-

ple, the measuring fool illustrated in the figure).

density image and attach it to the respective field
within the patient’'s EMR (in DICOM-RT format).

Results and discussion

Analysis of the acquired EPID images takes two
paths, one for the relative dose density image and
one for the absolute dose image.

Qualitative analysis

As mentioned in the previous section, the relative
dose density image is collected by the R&V sys-
tem and attached to the specific patient field. To
check the field geometry and relative dose distri-
bution, a respective planned relative dose density
map must be exported from the TPS (for the same
SSD at which the EPID image was acquired) and
similarly attached to the specific field. In this man-
ner, the planned fluence and the acquired fluence
can be placed side by side in the R&V software for
qualitative comparison (Figure 1). This process is

analogous to comparing a TPS printout of the flu-
ence at a certain SSD to a radiograph exposed to
the same IMRT field at the same SSD as the print-
out. The R&V software contains a number of meas-
uring tools which can be used to compare the field
size, leaf position, qualitative dose distribution, etc.

Though this type of QA does not contribute sub-
stantial amounts of information to the absolute dose
QA (discussed below) when performed only once,
it does have one distinct advantage. Currently, dai-
ly QA for IMRT treatments is virtually non-existent
(though some institutions are pursuing in vivo QA
with EPIDs).222 However, one of the main objec-
tives of patient-specific QA is to ensure that the
electronic files containing treatment and delivery
system information accurately reflect what was
planned and approved in the TPS. If the EPID were
used to take a quick non-transit image of one or two
fields in the radiotherapy plan (much the same way
portal images are currently used for patient posi-
tioning), these EPID images can easily and quickly
be compared to the fluences already exported from
the TPS and stored in the patient’'s EMR. In this
way, radiotherapy professionals can quickly verify
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FIGURE 2. Absolute dose image computed from the EPID response and the most recent calibration data for the appropriate en-
ergy and dose rate, as displayed by the delivery system computer upon acquisition. Thisimage is exported from the delivery system
treatment console computer to the TPS for comparison to the calculated portal dose prediction for the appropriate field and SSD.

that, throughout the course of treatment and daily
file transfer, the correct treatment fields and DMLC
positions are being delivered accurately. Using this
technique, it may also be possible to catch mechani-
cal problems (such as errors in MLC leaf and col-
limator jaw positions) before the patient is treated,
even between the extensive monthly LINAC QA
intervals. Thus, this quick, qualitative analysis with
the grayscale EPID image could be used on a week-
ly basis to provide fast and efficient system QA,
much as weekly port films (with static MLC) are
used to provide clinical treatment QA.

Quantitative analysis

To complete quantitative analysis on the absolute
dose EPID image, this file must first be exported
from the delivery system treatment console com-
puter via portable drive or network connection,
and imported to the computer with which the
analysis will be completed. It is possible to perform
this analysis via custom made software!®!218, com-
mercially available software modalities alterna-
tive to the TPS in use?® (see EPIDose, SunNuclear,
Melbourne, FL), or the portal dose prediction and

Radiol Oncol 2010; 44(2): 124-130.

analysis capabilities of the TPS in use. We current-
ly employ the Varian Portal Dosimetry algorithm
(Dosimetric Portal Image Calculation, DPIC) with-
in the Eclipse TPS to create portal dose predictions
for the aS1000 PortalVision EPID at desired SSD.
Commissioning of this algorithm requires captur-
ing two vendor-specified EPID images (at two dif-
ferent SSDs), the diagonal beam profile measured
during LINAC commissioning (i.e. along the major
diagonal of a 40 x 40 cm? field of desired energy at
d__ in water), and the EPID acquisition of field-
size output factors for various field sizes specified
by the vendor.*? To perform IMRT QA with the
PortalVision EPID, the Varian TPS has been pro-
grammed to predict the response of the EPID to
an IMRT field delivered with no buildup or phan-
tom between the MLC and the EPID, following the
methods pioneered by Van Esch et al. in 2004.1120
With the EPID dose image imported into the TPS
and the respective portal dose prediction calculat-
ed, these two planar dose maps can be evaluated
through dose difference analysis, gamma evalua-
tion, dose profile line scans, isodose comparisons,
various measuring tools, etc. (Figure 3). For gam-
ma evaluation and dose evaluation, the region of
interest can be selected to only include the area of
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FIGURE 3. Portal dose prediction and acquired EPID absolute dose image as compared in the TPS via: 1) predicted vs. measured isodose lines (left
panel); and 2) predicted vs. measured dose line profiles (right two panels). This analysis (in PDF or other desired format) is attached to patient’s EMR
in the R&YV software for approval prior to treatment. The bottom left panel shows the record status dialogue window within the R&V system, including

reviewer opftions such as “pending,” “approved,” “voided,” etc.

the detector within the collimator jaws, or a low-
dose threshold can be specified by the user which
effectively limits the analysis to the image within
the collimator jaws. The resolution of the EPID im-
age and subsequent analysis is far superior to ioni-
zation chambers and 2D arrays, while the ease of
calibration and image analysis is far more resource
and time efficient than the use of films.

To complete the IMRT QA report, the QA analy-
sis can be easily and electronically transferred from
the TPS to the patient’'s EMR in the R&V system by
copying the screen to any standard word process-
ing or image editing software, or the screen can
similarly be printed to PDF or postscript with the
appropriate open-source software installed. A QA
report can thus be created for each field within the
radiotherapy plan and electronically attached to
the patient’s chart, requiring no paper, no films,
no scanning documents, and no searching for mis-

placed QA reports. Furthermore, the R&V system
can be set up such that this QA analysis must be
approved before the fields are treated (see the sta-
tus dialogue window in Figure 3).

Conclusions

Our radiotherapy department does not have inte-
grated planning, R&V, and delivery systems - and
yet we have shown that even in this hybrid envi-
ronment it is nonetheless possible to develop a
completely electronic IMRT QA process. Given the
current demand for paperless patient charts, devel-
oping a paperless IMRT QA process is vital, even in
systems that understandably include components
made by diverse vendors. The process suggested
in this study is paperless, filmless, time saving
and reliable, enabling the pretreatment IMRT QA
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process to be far more efficient. Furthermore, QA
analysis documentation can be directly attached
to its specific patient EMR within the R&V system,
eliminating searching for documents and running
around to obtain signatures, while greatly reduc-
ing the risk of misplacing or losing the QA report.
The calculated and measured relative dose density
images can be viewed electronically side by side
within the patient’'s EMR to quickly and qualita-
tively analyze the density differences, field sizes
and MLC trajectories, ensuring proper dose deliv-
ery to patients - even on a weekly basis. The ab-
solute dose EPID images can be analyzed quickly
and thoroughly with custom software or programs
supplied by the TPS vendor or a secondary vendor,
providing an absolute dose verification system that
is of substantially higher resolution than arrays of
diodes or ionization chambers, and substantially
more efficient than exposing, processing, calibrat-
ing, scanning, analyzing and storing films.
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Background. The aim of this study was to evaluate the effect of weak radiofrequency microwave (RF/MW) radiation
emitted by mobile phones on colony growth of the yeast Saccharomyces cerevisiae.

Materials and methods. s. cerevisiae strains FF18733 (wild-type), FF1481 (radl mutant) and D7 (commonly used to
detect reciprocal and nonreciprocal mitotic recombinations) were exposed to a 05 MHz electromagnetic field that
closely matched the Global System for Mobile Communication (GSM) pulse modulation signals for mobile phones at
a specific absorption rate (SAR) of 0.12 W/kg.

Results. Following 15-, 30- and 60-minutes exposure to RF/MW radiation, strain FF18733 did not show statistically
significant changes in colony growth compared to the control sample. The iradiated strains FF1481 and D7 demon-
strated statistically significant reduction of colony growth compared to non-iradiated strains after all exposure times.
Furthermore, strain FF1481 was more sensitive to RF/MW radiation than strain D7.

Conclusions. The findings indicate that pulsed RF/MW radiation at a low SAR level can affect the rate of colony

growth of different S. cerevisiae strains.

Key words: microwave radiation; Saccharomyces cerevisiae; colony growth

Introduction

Microwave radiation is a type of non-ionizing elec-
tromagnetic radiation widely used in industry,
commerce, medicine and for private purposes, es-
pecially in mobile communication. In recent years,
the use of mobile phones has accelerated, result-
ing in increasing exposure of the environment to
weak radiofrequency microwave (RE/MW) radia-
tion generated by these devices. Although the aver-
age exposure levels are low compared to exposure
limits, public concern about the potential hazard
on human health is growing.! Numerous experi-
mental studies evaluating the biological effects
caused by RE/MW radiation are controversial and
no unanimous conclusion has been reached.>*

It is well-documented that yeasts are representa-
tive of eukaryotes, including human cells, in many
aspects of fundamental cellular processes.> Many
experiments, with the yeast Saccharomyces cerevi-
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siae as a model organism, can be performed under
biologically and technically well-controlled condi-
tions after exposure to microwave radiation.®

The objective of this study was to evaluate the po-
tential effect of 905 MHz RF/MW radiation similar
to that emitted by mobile phones on colony growth
of S. cerevisiae strains FF18733, FF1481 and D7.

Materials and methods
Yeast strains

This experiment was carried out using three S. cer-
evisiae strains. The FF18733 strain (MATa leu2-3,112
trp1-289 ura3-52 his7-2 lys1-1) is a wild-type, where-
as the derived FF1481 strain (MATa leu2-3,112 trp1-
289 ura3-52 his7-2 lys1-1 rad1::LEU2) is deficient in
nucleotide excision repair.” The D7 strain (MATa/«
ade2-40/ade2-119 trp5-12/trp5-27 ilv1-92/ilv1-92) is

doi:10.2478/v10019-010-0019-7
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FIGURE 1. Colony growth of yeast S. cerevisiae strains FF18733, FF1481 and D7 affer
15-, 30- and 60-minutes exposure to 905 MHz microwave radiation. Values represent
means and standard deviations.

relatively genetically unstable. Therefore, changes
in mitotic crossing-over, mitotic gene conversion
and reverse mutations may occur spontaneously.®

Experimental procedures

A preculture of three strains of S. cerevisine was
suspended in yeast extract liquid (YEL) and grown
for 48 h at 28°C. Precultured cells (2 x 10° cells/ml)
were then suspended in YEL and grown for 18
h at 28°C. Half of each culture (2 x 108 cells/ml),
prepared in triplicate, were exposed to 905 MHz
microwave radiation for 15, 30 and 60 minutes,
whereas the other half served as a control. After
radiation treatment, yeast cells were inoculated on
solid complete growth medium and grown over-
night at 28°C. Thereafter, the number of colonies
of the three strains (irradiated and non-irradiated)
was counted under a magnifier.

Exposure conditions

An electromagnetic field was generated using
a Gigahertz Transversal Electromagnetic Mode
Cell (GTEM-cell) model 5402 (ETS™ Lindgren,
USA) equipped with a signal generator (Antrisu
MS27211B, Japan), signal amplifier (RF 3146 Power
Amp Module, RF Micro Devices, Greensboro, USA)
and a signal modulator (RF 2722 Polaris Chip, RF
Micro Devices, Greensboro, USA). The signal am-

Radiol Oncol 2010; 44(2): 131-134.

plifier was used to amplify the RF/MW signal in-
duced by the signal generator, whereas the signal
modulator was used to modulate a continuous
wave to pulse signal used in the Global System
for Mobile Communication (GSM) mobile phones.
Yeast suspensions were exposed to 905 MHz RF/
MW with the GSM basic signal modulation for
15, 30 and 60 minutes. Inside the GTEM-cell, the
electromagnetic field strength was 10 V/m, and the
temperature was 28°C. The average specific ab-
sorption rate (SAR) for a single cell was 0.12 W/kg.
SAR was calculated by averaging the individual
parameters of the cell components in accordance
with their volume fraction in live cells.’

Statistical analysis

Statistical analyses were carried out with descrip-
tive statistics. Significant differences in colony
growth were determined using the Student’s t-test.
Values of P lower than 0.05 were considered statis-
tically significant.

Results

Figure 1 shows the colony growth of three S. cer-
evisiae strains after 15-, 30- and 60-minutes expo-
sure to 905 MHz RF/MW radiation similar to that
emitted by mobile phones at SAR of 0.12 W/kg. The
number of non-irradiated colonies of each strain
was taken as 100% and the percent of irradiated
colonies after different exposure times was calcu-
lated with respect to this control sample. Following
a 15-, 30- and 60-minutes exposure to RE/MW ra-
diation, the wild-type strain FF18733 did not show
statistically significant changes in colony growth
compared to the control sample. Irradiated strains
FF1481 and D7 demonstrated statistically signifi-
cant reduction of colony growth compared to non-
irradiated strains after all exposure times. The data
indicate that RF/MW radiation decreased colony
growth of strains FF18733, FF1481 and D7 result-
ing in a 19.3042.06%, 56.37+1.49% and 34.29+3.21%
growth reduction after 60-minutes exposure, re-
spectively.

Discussion

Users of mobile phones are exposed to weak mi-
crowave radiation. In this context, the possible ef-
fects of RE/MW radiation on genetic material are
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very important. Many studies on mammalian cells
failed to find microwave-induced DNA damage
and cell proliferation!®!?; in contrast with expo-
sure to ionizing radiation where the DNA damage
is well known.?® Other studies have reported that
modulated RF/MW radiation is capable of causing
DNA lesions and inhibition of cell proliferation.!*!>

In this study, we estimated the effect of mobile
phones radiofrequency of 905 MHz on the yeast S.
cerevisiae strains FF18733, FF1481 and D7. Strains
FF1481 and D7 demonstrated a statistically signifi-
cant difference in colony growth after 15-, 30- and
60-minutes exposure to pulsed RF/MW radiation
at SAR 0.12 W/kg. Therefore, these strains showed
increased sensitivity to RE/MW radiation and re-
duction of colony growth was time-dependent.
An earlier experiment with the yeast S. cerevisiae
demonstrated either an increased (up to 15%) or
decreased (up to 38%) cell growth rate by certain
frequencies of microwave radiation within a 41.6-
41.8 GHz band.'*"!8

It is known that microwave radiation may occur
directly by DNA lesion and/or indirectly by dam-
age to DNA repair mechanisms. Strain FF1481 of
S. cerevisiae is deficient in nucleotide excision repa-
ir due to an insertion of the functional LEU2 gene
at the RAD1 locus and radl becomes non-functio-
nal. Radl, in complex with Rad10, exhibits single-
stranded DNA endonuclease activity and cleaves
3’-ended single-stranded DNA at its junction with
the duplex DNA." Since we observed a significant
decrease of rad1 mutant cell proliferation, it seems
that pulsed RE/MW radiation at a low SAR level
during short exposure times could induce DNA
damage in S. cerevisiae cells.

Mitotic recombination is necessary during mi-
tosis for the repair of DNA single- and double-
strand breaks, and mutagenic lesions generated
by exposure to chemicals and radiation.® Strain
D7 of S. cerevisiae is commonly used to detect re-
ciprocal (crossing-over) and nonreciprocal (gene

conversion) mitotic recombinations and reverse
mutations. Besides evaluation of the RFE/MW effect
on cell growth rate of strain D7, we estimated the
induction of mitotic gene conversion and reverse
mutations in strain D7 after 15-, 30- and 60-minutes
exposure to 905 MHz RF/MW at SAR 0.12 W/kg.
The frequency of gene conversion at the trp locus
and reverse mutation at the ilv locus showed only
a slight tendency to increase compared to the con-
trol sample (data not shown). Preliminary results
indicate that modulated RF/MW radiation with
a low SAR value did not affect either the rate of
gene conversion nor reverse mutations in strain
D7. Gos et al.?! reported that mobile phone fields
at 900 MHz with SAR of 0.13 and 1.3 W/kg did not
exhibit any effect on mutations or recombinations
in S. cerevisiae cells either in the absence or presence
of genotoxic stress.

In conclusion, our study showed that three S.
cerevisiae strains exhibit different patterns of colony
growth after 15-, 30- and 60-minutes exposure to a
mobile phones radiofrequency of 905 MHz at SAR
0.12 W/kg. Strains FF1481 (DNA repair mutant)
and D7 (relatively genetically unstable) demon-
strate an increased sensitivity to RE/MW radiation
in comparison to strain FF18733 (wild-type). The
data indicate that pulsed RF/MW radiation at a low
SAR level could induce DNA damage in S. cerevi-
siae cells. This points to the need for further studies
of DNA repair mechanisms in yeast cells.
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Radioterapija v kombinaciji z zdravili
usmerjenimi proti tumorskemu zilju
Ciri¢ E, Sersa G

Izhodisca. Glede na odiodilno viogo tumorskega Filia pri razvoju malignih tumorjev je bilo veliko naporov viozenih v
razvoj zdravil usmerjenih v tumorsko Zilie. Razvitih je bilo veliko razli¢nih zdravil, ki jin v sploShem uvrs€amo v dve skupini.
Antiangiogena zdravila se vpletajo v proces angiogeneze in v tumorjih zavirajo nastanek novih Zil. Zino razdiralna
zdravila uniCujejo obstojece tumorsko Zilje in v tumorju povzrocajo ishemijo s posledicno nekrozo tumorja. Kljub velike-
mu terapeviskemu potencialu obeh skupin zdravil postaja jasno, da bodo klini€no najbolj uporabna v kombinacijah
z drugimi vrstami protirakavega zdravljenja. Radioterapija je zelo Siroko uporablian nacin zdravijenja, ki je povezan z
drugacnimi terapevtskimi izzivi in je zato kombinacija obeh pristopov smiselna.

Zakljuéki. Za ucinkovito uporabo zdravil usmerjenih proti tumorskemu Zilju v kombinaciji z radioterapijo obstaja moc-
na bioloska podlaga. Izkazalo se je, da anfiangiogena in Zilno razdiralna zdravila vplivajo na fumorsko mikrookolie na
takSen nacin, da povecajo odgovor fumorja na obsevanje. Rezultati predklini¢nih in prvih klini¢nih raziskav so potrdili
terapevtski potencial te nove strategije zdravljenja, vendar so opozorili fudi na vecjo moznost stranskin ucinkov na
zdrava tkiva.

Radiol Oncol 2009; 44(2): 79-85.
doi:10.2478/v10019-010-0022-z

Hiperhomocisteinemija in vloga B vitaminov
pri raku

Plazar N, Jurdana M

IzhodiSca. Bolniki z rakom imajo pogoste sréno-ilne zaplete in predstavijajo tveganje za razvoj venske fromboze.
Epidemioloske raziskave porocajo, da so bolezni srca in oZilja povezane z povisano koncentracijo homocisteina v krvi
(hiperhomocisteinemija), ki se pojavlja tudi pri raku. Homocistein je aminokislina v krvi, ki nastaja pri presnovi metionina
in ga v telo vnasamo s hrano. Zato na raven homocisteina v krvni plazmi mocno vpliva prehrana pa tudi genefski
dejavniki. Prehrambene ucinkovine z najmocnej§im vplivom so B vitamini: folna kislina, vitamina Bé in B12. Vloga B vito-
minov je pomembna za normalno vzdrzevanije strukture DNK-ja. Raziskave opraviljene na Zivalih in ljudeh so pokazale,
da pomanjkanje folatov vpliva na proces metilacije in sintezo DNK-ja ter posledicno na visoko raven homocisteina v
krvi. Zaradi pomembne vlioge folatov mnogo raziskav ze vrsto let prouCuje omenjeno povezavo.

Zakljuéki. Hiperhomocisteinemija je eden glavnih skupnih znacilnosti povezanih z vensko in arterijsko frombozo pri
mnogih rakavih obolenijih, patofiziologija slednje povezave pa Se ni povsem pojasnjena. Ker ima metabolizem B vita-
minov, predvsem folatov kljucni pomen pri razvoju hiperhomocisteinemije pri raku, smo v preglednem clanku navedli
literaturo, ki opisuje tovrstno povezavo.

Radiol Oncol 2010; 44(2): 1-VIl.
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Ucéinkovito zaustavljanje krvavitve s
prevezo iz hitina po perkutani punkciji
arterije. Eksperimentalna raziskava na
hepariniziranih zivalih

Kranokpiraksa P, Pavcnik D, Kakizawa H, Uchida BT, Jeromel M, Keller FS, Rosch J

Izhodis¢a. V raziskavi smo testirati uGinkovitost preveze iz hitina, da bi zaustavili krvavitev po perkutani punkciji povrh-
nje femoralne arterije in po uporabi zinega uvajala velikosti 8 F. UCinkovitost preveze iz hitina smo primerjali z metodo
standardne rocne kompresije.

Material in metode. Pri devetih hepariniziranih ovcah smo perkutano punktirali povrhnjo femoralno arterijo obo-
jestransko in vanjo za 5 minut uvedli zino uvajalo velikosti 8 F. Po odstranitvi Ziinega uvajala iz obeh punkcijskih mest
smo randomizirano zaustavljali krvavitev s kompresijo s prevezo iz hitina ali pa s standardno rocno kompresijo. Obe
kompresiji smo izvajali 5 minut. Nato smo uspesnost zaustavitve krvavitev preverjali angiografsko. Kadar smo angiograf-
sko prikazali krvavitev iz punkcijskega mesta, smo nadaljevali z roéno kompresijo in ponavljali angiografske prikaze v
razmaku 2,5 minut, dokler nismo popolno zaustavili krvavitve.

Rezultati. Po 5-ih minutah kompresije s prevezo iz hitina smo uspeino zaustavili krvavitev pri sedmih Zivalih (77,8 %).
Srednje trajanje kompresije, s katero smo s prevezo iz hitina zaustavili krvavitev (6,9 + 3,9 minut), se je statisticno po-
membno (p=0,019) razlikovalo od srednjega trajanja pri standardni rocni kompresiji (10,8 + 2,8 minut). Po zaustavitvi
krvavitve s kompresijo s prevezo iz hitina je bil pretok neoviran v vseh devetih arterijah (100%). V tej skupini smo odkrili,
da je hematom manjsi (2/9) v primerjavi s kontrolno skupino (8/9).

Zakljuéki. Uporaba kompresije s prevezo iz hitina po odstranitvi Zilnega uvajala iz arterije v primerjavi s standardno
rocno kompresijo statistitno pomembno skraja cas, v katerem smo dosegli hemostazo. Pri tem ni bilo vecC zaple-
tov. Za skrajSanje casa za hemostazo in preprecitev hematoma je pomembna praviina uporaba preveze iz hitina.
Pricakujemo lahko, da bomo faksno, prevezo, ki jo sedaj uporabljomo za zaustavitev krvavitve pri poskodbah, v pri-
hodnosti uporabljali tudi za zaustavitev krvavitve po diagnosticnih in terapevtskin endovaskularnih posegih.
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Uporaba 3T MR slikanja pri odkrivanju bolezni,
povezanimi z azbestom

Podobnik J, Kocijancic I, KovacV, Sersa |

IzhodiS¢a. Namen raziskave je bil preveriti moznosti uporabe 3T MR slikanja pri odkrivanju in spremijanju bolezenskin
sprememb, ki so posledica izpostavljenosti azbestnemu prasenju.

Bolniki in metode. V raziskavo smo vkljucili 15 bolnikov, 5 z azbestno boleznijo in 10 z malignim plevralnim mezote-
liomom (MPM). Bolniki z azbestno boleznijo so nam v digitalni obliki posredovali svoje prejSnje CT preiskave, ki niso bile
starejSe od enega meseca. Pri bolnikih z MPM pa smo zaradi primerjave sami opravili CT preiskavo, ki je bila potrebna
pred pricetkom zdravljenja. Pri vseh smo naredili MR slikanje prsnega kosa. Protokol je bil sestaviljen iz T2 obtezenih
pulznih zaporedij v koronami, sagitalni in fransverzalni ravnini ter T1 obtezenih pulznih zaporedij v fransverzalni ravnini.
Vse meritve smo naredlili, ko je bolnik zadrzeval dih in z uporabo EKG prozilca. Pri T2 obtezenih pulznih zaporedjih smo
uporabili tudi SPIR tehniko za zasiCenje signala iz mascevja. CT preiskave smo naredili z uporabo jodnega kontfrastne-
ga sredstva. Slikali smo podrocje od pljucnih apeksov do spodnjega roba jeter. Rekonstruirali smo slike v transverzalni
ravnini debeline 5 mm v mediastinalnem oknu ter 3 mm v pliucnem oknu. Na delovni postaiji Singo MultiModality Work
Place smo izmerili infenzivnost MR signala v leziji in v misici v isti rezini.

Rezultati. Plevralni plakiimajo na T1 in T2 obteZenih slikah v primerjavi z misico hipointenziven signal. Na T1 obteZenih
MR slikah je MPM izrazito nehomogen in v primerjavi z misico hipointenziven, na T2 obtezenih slikah pa hiperintenziven.
Zakljuéki. Raziskava je pokazala, da je MR slikanje prsnega kosa primerna diagnosticna slikovna metoda za prikaz
sprememb, ki so posledica izpostavljenosti azbestu. T2 obtezene slike lahko celo nakazujejo maligno naravo bolezni.
Pri MR slikanju bolniki niso izpostavljeni skodljivemu ionizirajoCemu sevaniju, zato lahko to slikovno metodo uporabliamo
pri spremljanju rezultatov zdravljenja ali razvoja bolezni. Kontrastna sredstva, ki se uporabljajo pri MR slikanju so varnejSa
in manj nefrotoksicna v primerjavi z jodnimi konfrastnimi sredstvi, kar je zlasti pomembno pri bolnikih, ki jih zdravimo s
kemoterapijo.

Radiol Oncol 2010; 44(2): 97-102.
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Zanesljivost difuzijskega
magnetnoresonancnega slikanja pri
razlikovanju med degenerativnimi in
vnetnimi spremembami terminalne plosce
Oztekin O, Calli C, Kitis O, Adibelli ZH, Eren CS, Apaydin M

IzhodiS¢a. Namen raziskave je bil preveriti uporabnost difuziskega magnetnoresonanénega (MR) slikanja pri razliko-
vanju med degenerativno spremembo Modic tip 1 in akutnim infekcijskim spondilodiscitisom. S konvecionalnim MR
slikanjem je razlikovanje med obema patoloskima spremembama tezavno in pogosto nezanesljivo.

Boniki in metode. V retrospektivno raziskavo smo vkiju&ili 27 bolnikov z erozivno intervertebralno osteohondrozo
Modic tip 1 in 18 bolnikov s spondilodiscitisom. Magnetnoresonancne preiskave smo naredili z napravo 1,5 Tesla.
Izkusen radiolog je pregledal MR slike lumbalne hrbtenice 45 bolnikov. Bolnikom s spremembo Modic fip 1 smo naredili
tudi CT slikanje prizatedega vretenca in medvretencne ploscice.

Rezultati. Slika kosthega mozga je bila v blizini terminalne ploice tako pri bolnikih z Modic tip 1 kakor tudi pri bolnikih s
spondilodiscitisom hipointenzivna na T1 poudarjenih slikah. Na T2 poudarjenih slikah pa je bila pri obeh vrstah bolnikov
hiperintenzivna. Slika Modic fip 1 je bila pri difuzijski MR hipointenzivna, pri spondilodiscitisu pa je bila hiperintenzivna.
Zakljuéki. Nasa raziskava je pokazala, da z difuzijsko MR preiskavo lahko zanesliivo lo¢imo med degenerativno
spremembo Modic tip 1 in akutnim spondilodiscitisom, s konvecionalnim MR slikanjem in tudi s klini€nim pregledom
pa je lo¢evanje nezanesljivo.
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Embolizacija z N-butyl-cyanoakrilatom
pri znotrajzilnem zdravljenju priapizma
z visokim pretokom po poskodbi

Rado$ M, Sunjara V, Sjekavica |, Stern Padovan R

IzhodisSca. Priapizme (trajna erekcija brez vzburienja) delimo v nizko pretoéne (venske ali ishemiéne) in visoko pretod-
ne (arterijske ali neishemicne). Diagnozo visoko pretoénega priapizma ugotovimo z barvno Dopplersko ultrazvocno
preiskavo in arteriografijo ter ga obicajno zdravimo z znotrajzilnim zapiranjem fistule.

Prikaz primera. Opisujemo primer 20-letnega bolnika z visokopreto&nim tipom priapizma, ki je nastal po poskodbi
perineja. Bolnika smo najprej opazovali in nato neuspeino zdravili z embolizacijo fistule, pri kateri smo uporabili resorp-
tivno gelatinozno peno. Ponoven endovaskularni poseg, ki smo naredili embolizacija z N-butyl-cyanoakrilatom, je bil
uspesen.

Zakljuéki. Visokopretocni priapizem lahko uspesno zdravimo z znotrajziinim posegom, pri Cemer je pomembna op-
timalna izbira embolizacijskega sredstva in natancna izvedba posega.

Radiol Oncol 2009; 44(2): 107-112.
doi:10.2478/v10019-010-0028-6

Izrazenost antigenov pri
ponavljajoc¢ih se meningiomih
Vranic A

Izhodisca. Meningiomi so intrakranialni tumorii, ki se pogosto ponovno pojaviiajo. V literaturi opisujejo, da pride do
ponovitve pri 20% benignih, do 80% atipicnih in do 100% malignih meningiomih. Najpogostejsi napovedni dejavniki za
ponovni vznik bolezni so gradus meningioma, invazivnost v mozganovino in radikalnost nevrokirurske resekcije. Namen
nase raziskave je bil oceniti razlike med ponavljajocimi se meningiomi in meningeomi, ki se ne ponavljgjo, v izrazanju
nekaterih antigenov na povrsini njihovih celic.

Metode. Primerjali smo 19 ponavijcjo&ih se in 35 ne ponavijcjo&ih se meningiomov. S pomod&jo imunohistokemije smo
ocenjevali razlike v izrazanju antigena MIB-1, progesteronskih receptorjev, katepsina B in katepsina L.

Rezultati. IzraZanje MIB-1 anfigena je vecje pri ponavljajocih se meningiomih (p=0,001). V izraZanju progesteronskih
receptorjev nismo opazili statisticno pomebnih razlik med skupinama. Imunohistokemicno ocenjeno izrazanje katep-
sina B (p=0,007) in katepsina L (p<0,001) je bilo vecje v skupini ponavljagjocih se meningiomov.

Zakljuéki. V raziskavi smo ugotovili, da je pri ponavljgjocih se meningiomih veckrat izrazen antigen MIB. V prihodnje
bi to ugotovitev lahko uporabili kot dodaten napovedni dejavnik, ki bi nam poleg standardnih dejavnikov pomagal
pri ocenjevanju tfveganja za ponovitev bolezni.
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Pogostnost hipermetilacije MGMT
(0%-metilgvanin-DNK metiltransferaza)

pri bolnikih z glioblastomom in dolgotrajnim
prezivetjem; izkusnje dunajske ustanove

Baur M, Preusser M, Piribauer M, Elandt K, Hassler M, Hudecm M, Dittrich C, Marosi C

IzhodiSca. Namen retrospektivne raziskave je bila analiza metilaciiskega statusa promotoria za MGMT (05-metilgva-
nin-DNK metiltransferazo) pri bolnikih z glioblastomom (GBM), pri katerih smo ugotovili dolgotrajno prezivetje (= 3 leta).

Metode. Metilacijski status promotorja za MGMT smo ugotavljali z bisulfidno modifikacijo DNK in nato z verizno poli-
merazno reakcijo specificno za metilacijo. DNK smo izlocili iz vzorcev tumorja, ki so bili fiksirani v formalinu in vkljuceni
v parafinske bloke.

Rezultati. Vzorce, primerne za interpretacijo smo z verizno polimerazno reakcijo dobili le pri 14 od 33 (42%) bolnikih
z GBM in z dolgotrajnim prezivetjem. Metilirane proge smo videli pri 3 od 14 bolnikih, mefilirane in nemetilirane pri 8
od 14, samo nemetilirane pa pri 3 bolnikih. Metiliacijo promotorja za MGMT smo tako dokazali pri 11 od 14 bolnikih.
Skupini bolnikov z metiliranim in nemetiliranim statusom promotorja za MGMT sta bili premajhni za kakrinekoli zanesljive
statisticne zakljucke.

Zakljuéki. Bolniki z GBM, pri katerinh smo ugotovili dolgofrajno prezZivetje, imajo pogosto prisotno infratumorsko me-
tilacijo promotorja za MGMT. Ta metilacija lo€uje bolnike z dolgotrajnim prezivetiem od neizbrane skupine bolnikov z
GBM. Za povecanje zanesljivosti metodologije dolocanja statusa metilacijie MGMT je potrebna standardizacija po-
stopka verizne polimerazne reakcije specificne za metilacijo.

Radiol Oncol 2010; 44(2): 121-123.
10.2478/v10019-010-0004-1

Klinicni primer zasevka raka danke v penis
Yildirim M, Coskun A, Pirten M, Oztekin O, Ilhan E

IzhodiSca. Zasevki v penis so redki, obi¢ajno pa jih povzro&ajo genitourinarni in kolorektalni raki.

Prikaz primera. Prikazujemo 77-letnega bolnika z zasevkoma raka danke v penis. Na kliniko je bil napoten zaradi
razjede na penisu, semierektiinega penisa in motenj uriniranja. Slikovne preiskave so pokazale vozlicasto spremembo
v glansu penisa in Stevilne kostne zasevke. Na zdravljenje s kemoterapijo ni odgovoril in ocenili smo, da je napoved
poteka bolezni slaba.

Zakljucki. Slikovne preiskave in biopsija so razjasnili diagnozo bolezni, zdraviienje takinin bolnikov pa ni dovolj uspe-
Sno, kot kaze tudi primer prikazanega bolnika.

Radiol Oncol 2010; 44(2): 1-VIl.
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Elektronska metoda za zagotavljanje
kakovosti pri obsevanju IMRT s povezovanjem
megavoltnih elektronskih slikovnih naprav

Z nacrtovalnim sistemom, sistemom zabelezbe
in overitve ter obsevalnimi napravami

Bailey DW, Kumaraswamy L, Podgorsak MB

Izhodisca. Namen raziskave je bil uvajanje elekironske metode za zagotavijanje kakovosti pri obsevanju IMRT, to
je obsevanju z modulirano intenziteto Zarkovnega snopa. Uporabili smo megavoline elekironske slikovne naprave

iz amorfnega silicija in jih povezali z nacrtovalnim sistemom, sistemom zabelezbe in overitve (R&V) ter z obsevalnimi
napravami neodyvisnih proizvajalcev.

Metode. 7 na&rtovalnim sistemom smo na podlagi dejanskega obsevalnega nadrta ustvarili verifikaciiski obsevalni
nacrt. Obsevalna polja smo prenesli na sistem R&YV, nato smo jih obsevali in pri tem kontolirali kakovost (nacin QA)
z iztegnjeno elektronsko portalno slikovno napravo. Zajete dozimetricne slike smo avtomaticno shranili v formatu
DICOM-RT na trdi disk racunalnika, ki je vodil obsevalno napravo. Slike relativne doze smo nato poslali na sistem R&V.
Slike z informacijo o absolutni dozi smo prenesli z racunalnika, ki je vodil obsevalno napravo, na nacrtovalni sistem in
uvedli v verifikacijski obsevalni nacrt za nadaljnjo analizo. Zajete slike z ekrana smo uvedli v sistem R&V v obliki elek-
fronske datoteke (npr. PDF). Pri tem smo lahko na ekranu videli primerjavo uporabe analize gama in fudi primerjavo
izodoznih ¢rt. To smo naredili pred pricetkom obsevanja bolnika. Tudi sliko relativne doze, ki jo je izracunal nacrtovalni
sistem, smo lahko poslali na sistem R&V in jo na ta nacin primerjali s sliko relativne doze, ki smo jo napravili z elektronsko
portalno slikovno napravo.

Rezultati. Na nasem oddelku na&rtovalni sistem, sistem R&V ter obsevalne naprave niso integrirani. Kljub temu smo
uspeli zagotoviti kakovost obsevanja IMRT brez belezenja na papir in na film. V sistemu R&Y smo bolnikovim podatkom
pripeli ustrezne dokumente v elektronski obliki. Na ta nacin smo omogocili bolj u€inkovito analizo in overovitev. Sliki, ki
sta kazali izracunano in izmerjeno relativno dozno porazdelitev, smo lahko v elekironski obliki primerjali v sistemu R&V.
Tako smo lahko analizirali razlike med njima in zagotovili, da bolnika obsevamo s pravilno dozo.

Zakljucki. Pokazali smo, da je elektronsko zagotavijanje kakovosti obsevanja IMRT mogoce, tudi kadar planimi sis-
tem ni infegriran s sistemom R&V in obsevalnimi napravami.

Radiol Oncol 2010; 44(2): 1-VIl.



vil

Radiol Oncol 2010; 44(2): 131-134.
doi: 10.2478/v10019-010-0019-7

Ucéinek 905 MHz mikrovalovnega sevanja na
rast kolonij kvasovk Saccharomyces cerevisiae
sevov FF18733, FF1481 in D7

Vrhovac |, Hras¢n R, Franekic J

IzhodiS¢a. Namen raziskave je bil prouéiti uéinek nizkoradiofrekvenénega valovanja (RF/MW), ki ga sevajo mobilni
telefoni, na rast kvasovk Saccharomyces cerevisiae.

Materiali in metode. Sevi S. cerevisiae FF18733 (divji tip), FF1481 (mutacija rad1) in D7 (obi€ajno uporablien za
detekcijo reciprocne in nereciprocne mitoficne rekombinacije) so bili izpostavljeni 905 MHz elektromagnetnemu polju
ki je zelo podoben signalu pri globalnem sistemu prenosnih komunikacij (Global System for Mobile Communication,
GSM) uporablienem v prenosnih telefonih pri specificni absorpciji (SAR) 0.12 W/kg.

Rezultati. Ko smo izpostavil sev FF18733 S. Cerevisiae 15-, 30- in 60-minutnemu obsevanju RF/MW, nismo statisticno
znacilno vplivali na rast kvasovk v primnerjavi s kontrolnimi neocbsevanimi kvasovkami. Ko pa smo obsevali seve FF1481
in D7, smo statisticno znacilno vplivalo na rast kvasovk pri vseh dolzinah obsevanja. Pokazala se je razlika v obcutljivosti,
sev FF1481 je bil bolj obcutliiv na obsevanje RF/MW kot sev D7.

Zakljuéki. Rezultati nakazujejo, da lahko pri nizkem SAR pulzno obsevanje RF/MW zavira rast razlicnih sevov §. ce-
revisiae.

Radiol Oncol 2010; 44(2): 1-VIl.
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Zadeli smo pravo tarco

Izredno ucinkovito zdravljenje prvega reda pri
nedrobnoceli¢cnem plju¢nem raku z mutacijo EGFR

Iressa je prva in edina taréna monoterapija, ki dokazano podaljSa prezivetje brez napredovanja bolezni v primerjavi z dvojno
kemoterapijo kot zdravljenje prvega reda pri bolnikih z napredovalim nedrobnoceli¢nim pljué¢nim rakom z mutacijo EGFR."

IST(E{SASJ/;:I\I[?’EI\:/I;IE’%E)GLA\/NIH ZNACILNOSTI ZDRAVILA 1. Povzetek glavih znatilnosti zdravila Iressa (gefitinib). Junij 2009.

Sestava: Filmsko oblozene tablete vsebujejo 250 mg gefitiniba. Indikacije: zdravljenje odraslih bolnikov z lokalno napredovalim ali metastatskim nedrobnoceli¢nim plju¢nim rakom z aktivacijskimi mutacijami EGFR-TK Odmerjanje in nain uporabe: Zdravljenje z gefitinibom
mora uvesti in nadzorovati zdravnik, ki ima izkusnje z uporabo zdravil proti raku. Priporogeno 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 casu. Kontraindikacije: preobéutljivost
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 poslabsajo
dihalni simptomi, npr. dispneja, kaselj in zvisana telesna temperatura, morate zdravljenje z zdravilom IRESSA prekiniti in bolnika takoj preiskati. ¢e je potrjena IBP, morate terapijo z zdravilom IRESSA kontati in bolnika ustrezno zdraviti. ¢eprav so bile nepravilnosti testov jetrnih
funkeij pogoste, so jih redko zabelezili kot hepatitis. Zato so priporo¢ljive 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 vsebuje laktozo. Bolniki z redko dedno intoleranco za galaktozo, laponsko obliko zmanjsane aktivnosti laktaze ali malabsorpcijo glukozezgalaktoze ne smejo jemati tega zdravila. Bolnikom narocite, da morajo takoj poiskati zdravnisko pomog, ¢e se jim pojavijo
kakrsnikoli ocesni simptomi, huda ali dolgotrajna driska, navzea, bruhanje ali anoreksija, ker lahko vse te posredno povzrogijo dehidracijo. Medsebojno delovanje zdravile: Induktorji CYP3A4 lahko povecajo presnovo gefitiniba in zmanjsajo njegovo koncentracijo v plazmi.
Zato lahko socasna uporaba induktorjev CYP3A4 (npr. fenitoina, karbamazepina, rifampicina, barbituratov ali zeliscnih pripravkov, ki vsebujejo Sentjanzevko/Hypericum perforatum) zmanja ucinkovitost zdravljenja in se ji je treba izogniti. Pri posameznih bolnikih, ki imajo
genotip slabih metabolizatorjev s CYP2D6, lahko zdravljenje z mocnim zaviralcem CYP3A4 poveca koncentracijo gefitiniba v plazmi. Na zatetku zdravljenja z zaviralcem CYP3A4 je treba bolnike natancno kontrolirati glede neZelenih ucinkov gefitiniba. Pri nekaterih bolnikih, ki
50 jemali varfarin skupaj z gefitinibom, so se pojavili zvisanje internacionalnega normaliziranega razmerja (INR) in/ali krvavitve. Bolnike, ki sotasno jemljejo varfarin in gefitinib, morate redno kontrolirati glede sprememb protrombinskega ¢asa (PC) ali INR. Zdravila, ki ob¢utno
in dolgotrajno zvisajo pH v Zelodeu npr. zaviralci protonske ¢rpalke in antagonisti H2, lahko zmanjsajo biolosko uporabnost gefitiniba in njegovo koncentracijo v plazmi in tako zmanj3ajo ucinkovitost. Redno jemanje antacidov, uporabljenih blizu ¢asa jemanja zdravila IRESSA,
ima lahko podoben u¢inek. NeZeleni uginki: V kumulativnem naboru podatkov klini¢nih preskusanj 111. faze so bili najpogosteje opisani nezeleni ucinki, ki so se pojavili pri ve¢ kot 20 % bolnikov, driska in kozne reakcije (vkljuéno z izpuscajem, aknami, suho kozo in srbenjem)
NezZeleni utinki se ponavadi pojavijo prvi mesec zdravljenja in so praviloma reverzibilni. Ostali pogosteji 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 funkei, bolezni nohtov, alopecija, asimptomaticno laboratorijsko zvisanje kreatinina v krvi, proteinurija, astenija, pireksija. Vrsta in vsebina ovojnine: $katla s 30 tabletami po 250 mg gefitiniba Nacin izdajanja zdravila:
samo na recept Datum priprave besedila: junij 2009 Imetnik dovoljenja za promet: AstraZeneca AB, S-151 85, Sodertalje, Svedska Pred predpisovanjem, prosimo, preberite celoten povzetek glavnih znailnosti zdravila. Dodatne informacije so na voljo pri: AstraZeneca UK
Limited, Podruznica v Sloveniji, Verovikova 55, 1000 Ljubljana, telefon: 01/51 35 600.
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ERBITUX - izbira za izboljSano ucinkovitost

>>— Za zdravljenje metastatskega raka
debelega crevesa in danke

>>— Za zdravljenje raka skvamoznih
celic glave in vratu

Merck Serono Onkologija / biolosko zdravljenje za boljSo kakovost Zivljenja

Erbitux 5 mg/ml raztopina za infundiranje (skrajsana navodila za uporabo)

Cetuksimab je monoklonsko IgG, protitelo, usmerjeno proti receptorju za epidermalni rastni faktor (EGFR). Terapevtske indikacije: Zdravilo Erbitux je indicirano za zdravljenje bolnikov z metastatskim
kolorektalnim rakom in nemutiranim tipom KRAS; v kombinaciji s kemoterapijo in kot samostojno zdravilo pri bolnikih, pri katerih zdravljenje z oksaliplatinom in irinotekanom ni bilo uspesno. 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. Zacetni odmerek je 400 mg cetuksimaba na m? telesne
povrsine. Visi naslednji tedenski odmerki so vsak po 250 mg/m?. Kontraindikacije: Zdravilo Erbitux je kontraindicirano pri bolnikih z znano hudo preobcutljivostno reakcijo (3. ali 4. stopnje) na cetuksimab.
Posebna opozorila in previdnostni ukrepi: Ce pri bolniku nastopi blaga ali zmerna reakcija, povezana z infundiranjem, lahko zmanjiate hitrost infundiranja. Priporoéljivo je, da ostane hitrost infundiranja
na nizji vrednosti tudi pri vseh naslednjih infuzijah. Ce se pri bolniku pojavi huda kozna reakcija (> 3. stopnje po kriterijih US National Cancer Institute, Common Toxicity Criteria; NCI-CTC), morate prekiniti
terapijo s cetuksimabom. Z zdravljenjem smete nadaljevati le, ce se je reakcija pomirila do 2. stopnje. Priporoca se dolocanje koncentracije elektrolitov v serumu pred zdravljenjem in periodicno med
zdravljenjem s cetuksimabom. Po potrebi se priporo¢a nadomescanje elektrolitov. Posebna previdnost je potrebna pri oslabljenih bolnikih in pri tistih z obstojeco sréno-pljucno boleznijo. Nezeleni ucinki:
Zelo pogosti (> 1/10): dispneja, blago do zmerno povecanje jetrnih encimov, kozne reakcije, blage ali zmerne reakcije povezane z infundiranjem, blag do zmeren mukozitis. Pogosti (> 1/100, < 1/10):
konjunktivitis, hude reakcije povezane z infundiranjem. Pogostost ni znana: Opazili so progresivno znizevanje nivoja magnezija v serumu, ki pri nekaterih bolnikih povzroca hudo hipomagneziemijo. Glede
na resnost so opazili tudi druge elektrolitske motnje, ve¢inoma hipokalciemijo ali hipokaliemijo. Posebna navodila za shranjevanje: Shranjujte v hladilniku (2 °C - 8 °C). Ne zamrzujte, Vrsta ovojnine in
vsebina: 1 viala po 20 ml ali 100 ml. Imetnik dovoljenja za promet: Merck KGaA, 64271 Darmstadt, Nemcija. Podrobne informacije o zdravilu so objavljene na spletni strani Evropske agencije za zdravila
(EMEA) http://www.emea.europa.eu.
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Dodatne informacije so vam na voljo pri: Merck d.o.o, Dunajska cesta 119, 1000 Ljubljana, tel.: 01 560 3810, faks: 01 560 3831, el. posta: info@merck.si
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Povzetek glavnih znaéilnosti zdravila

Ime zdravila: Temodal 20 mg, 100 mg, 140mg, 180 mg, 250 mg, Temodal 2,5 mg/ml prasSek za raztopino za infundiranje Kakovostna in koli¢inska sestava: Vsaka kapsula
zdravila Temodal vsebuje 20 mg, 100 mg, 140 mg, 180 mg ali 250 mg temozolomida. Ena viala vsebuje 100 mg temozolomida Po rekonstituciji 1 ml raztopine za infundiranje
vsebuje 2,5 mg temozolomida. Pomozna snov: Ena viala vsebuje 2,4 mmol natrija. Terapevtske indikacije: Zdravilo Temodal 2,5 mg/ml je indicirano za zdravljenje: odraslih
bolnikov z novo diagnosticiranim multiformnim glioblastomom, so¢asno z radioterapijo (RT) in pozneje kot monoterapija in otrok, starih 3 leta in ve¢, mladostnikov in odraslih
bolnikov z malignimi gliomi, npr. multiformnimi glioblastomi ali anaplasti¢nimi astrocitomi, ki se po standardnem zdravljenju ponovijo ali napredujejo. 0Odmerjanje in naéin
uporabe: Zdravilo Temodal 2,5 mg/ml smejo predpisati le zdravniki, ki imajo izku$nje z zdravljenjem mozganskih tumorjev. Odrasli bolniki z novo diagnosticiranim
multiformnim glioblastomom Zdravilo Temodal 2,5 mg/ml se uporablja v kombinaciji z Zari$¢no radioterapijo (faza socasne terapije), temu pa sledi do 6 ciklov monoterapije
(monoterapijska faza) z temozolomidom (TMZ). Faza soc¢asne terapije TMZ naj bolnik jemlje v odmerku 75 mg/m2 na dan 42 dni, socasno z zariS¢no radioterapijo (60 Gy,
danih v 30 delnih odmerkih). ZmanjSevanje odmerka ni priporoceno, vendar se boste vsak teden odlocili o morebitni odlozitvi jemanja TMZ ali njegovi ukinitvi na podlagi kriterijev
hematoloSke in nehematoloSke toksi¢nosti. TMZ lahko bolnik jemlje ves ¢as 42-dnevnega obdobja socasne terapije (do 49 dni), ¢e so izpolnjeni vsi od naslednjih pogojev:

e absolutno Stevilo nevtrofilcev (ANC — Absolute Neutrophil Count) = 1,5 x 109/1;

e Stevilo trombocitov > 100 x 109/1;

e skupna merila toksicnosti (SMT) za nehematoloSko toksicnost < 1. stopnje (z izjemo alopecije, navzee in bruhanja).

Med zdravljenjem morate pri bolniku enkrat na teden pregledati celotno krvno sliko.

Faza monoterapije Stiri tedne po zakljucku faze so¢asnega zdravljenja s TMZ in RT naj bolnik jemlje TMZ do 6 ciklov monoterapije. V 1. ciklu (monoterapije) je odmerek zdravila
150 mg/m2 enkrat na dan 5 dni, temu pa naj sledi 23 dni brez terapije. Na zaCetku 2. cikla odmerek povecajte na 200 mg/m2, ¢e je SMT za nehematoloSko toksi¢nost za 1. cikel
stopnje < 2 (z iziemo alopecije, slabosti in bruhanja), absolutno Stevilo nevtrofilcev (ANC) = 1,5 x 109/ in $tevilo trombocitov = 100 x 109/1. Ce odmerka niste poveéali v 2. ciklu,
ga v naslednjih ciklih ne smete povecevati. Ko pa odmerek enkrat povecate, naj ostane na ravni 200 mg/m2 na dan v prvih 5 dneh vsakega naslednjega cikla, razen ¢e nastopi
toksicnost. Zmanj$anje odmerka in ukinitev zdravila med fazo monoterapije opravite, kot je opisano v preglednicah 2 in 3. Med zdravljenjem morate 22. dan pregledati celotno
krvno sliko (21 dni po prvem odmerku TMZ). Odrasli in pediatricni bolniki, stari 3 leta ali veé¢, s ponavljajoéim se ali napredujoéim malignim gliomom:Posamezen
cikel zdravljenja traja 28 dni. Bolniki, ki Se niso bili zdravljeni s kemoterapijo, naj jemljejo TMZ v odmerku 200 mg/m2 enkrat na dan prvih 5 dni, temu pa naj sledi 23-dnevni
premor (skupaj 28 dni). Pri bolnikih, ki so Ze bili zdravljeni s kemoterapijo, je zacetni odmerek 150 mg/m2 enkrat na dan, v drugem ciklu pa se poveca na 200 mg/m2 enkrat
na dan 5 dni, ¢e ni bilo hematoloSkih toksi¢nih u¢inkov. Kontraindikacije: Preob¢utljivost za zdravilno u¢inkovino ali katerokoli pomozno snov. Preobgutljivost za dakarbazin
(DTIC). Posebna opozorila in previdnostni ukrepi: Pljucnica, ki jo povzroéa Pneumocystis carinii Pilotno preskuSanje podaljSane 42-dnevne sheme zdravljenja je
pokazalo, da pri bolnikih, ki so so¢asno prejemali TMZ in RT, obstaja Se posebej veliko tveganje za nastanek pljucnice zaradi okuzbe s Pneumocystis carinii (PCP). Malignosti
Zelo redko so porocali tudi o primerih mielodisplasticnega sindroma in sekundarnih malignostih, vkljuéno z mieloidno levkemijo. Antiemetiéno zdravljenje Navzea in bruhanje
sta pogosto povezana z zdravljenjem s TMZ. Antiemetiéno zdravljenje se lahko da pred uporabo TMZ ali po njej. Odrasli bolniki z novo diagnosticiranim multiformnim
glioblastomom Antiemeticna profilaksa je priporocljiva pred zacetnim odmerkom socasne faze in je mocno priporocliiva med fazo monoterapije. Ponavljajo¢i se ali
napredujo¢i maligni gliom Pri bolnikih, ki so mo¢no bruhali (stopnja 3 ali 4) v prej$njih ciklih zdravljenja, je potrebno antiemeti¢no zdravljenje. Laboratorijske vrednosti Pred
jemanjem zdravila morata biti izpolnjena naslednja pogoja za laboratorijske izvide: ANC > 1,5 x 109/l in Stevilo trombocitov = 100 x 109/I. Na 22. dan (21 dni po prvem odmerku)
ali v roku 48 ur od navedenega dne, morate pregledati celotno krvno sliko in jo nato spremljati vsak teden, dokler ni ANC > 1,5 x 109/l in Stevilo trombocitov > 100 x 109/1. Ce
med katerimkoli ciklom ANC pade na < 1,0 x 109/I ali Stevilo trombocitov na < 50 x 109/I, morate odmerek zdravila v naslednjem ciklu zmanjSati za eno stopnjo (glejte poglavje
4.2). Stopnje odmerka so 100 mg/m2, 150 mg/m2 in 200 mg/m2. Najmanjsi priporoceni odmerek je 100 mg/m2. Pediatriéna uporaba Klinicnih izkuSenj z uporabo TMZ pri
otrocih, mlajSih od 3 let, ni. IzkuSnje z uporabo tega zdravila pri starejSih otrocih in mladostnikih so zelo omejene. Starejsi bolniki (stari > 70 let) Videti je, da je pri starejSih
bolnikih tveganje za nevtropenijo ali trombocitopenijo vecje, kot pri mlajsih. Zato je pri uporabi zdravila TMZ pri starejSih bolnikih potrebna posebna previdnost. Moeski bolniki
Moskim, ki se zdravijo s TMZ je treba svetovati, naj ne zaplodijo otroka Se Sest mesecev po prejetem zadnjem odmerku in naj se pred zdravljenjem posvetujejo 0 moznostih za
shranitev zmrznjene sperme. Natrij To zdravilo vsebuje 2,4 mmol natrija na vialo. To je treba upoStevati pri bolnikih na nadzorovani dieti z malo natrija. Medsebojno delovanje
z drugimi zdravili in druge oblike interakcij: Studije medsebojnega delovanja so izvedli le pri odraslih. V logeni $tudiji 1. faze, sotasna uporaba TMZ in ranitidina ni
povzrotila spremembe obsega absorpcije temozolomida ali izpostavljenosti njegovem aktivnem presnovku monometiltriazenoimidazol karboksamidu (MTIK). Analiza populacijske
farmakokinetike v preskuSanjih 2. faze je pokazala, da soCasna uporaba deksametazona, proklorperazina, fenitoina, karbamazepina, ondansetrona, antagonistov receptorjev
H2 ali fenobarbitala ne spremeni ogistka TMZ. Soéasno jemanje z valprojsko kislino je bilo povezano z majhnim, a statistino pomembnim zmanj$anjem oéistka TMZ. Studij za
dolocitev ucinka TMZ na presnovo ali izlo¢anje drugih zdravil niso izvedli. Ker pa se TMZ ne presnavlja v jetrih in se na beljakovine veze le v majhni meri, je malo verjetno, da bi
vplival na farmakokinetiko drugih zdravil. Uporaba TMZ v kombinaciji z drugimi mielosupresivnimi ucinkovinami lahko poveca verjetnost mielosupresije. Nezeleni uc€inki: Pri
bolnikih, ki se zdravijo s TMZ v kombinaciji z RT ali monoterapijo po RT zaradi novo diagnosticiranega multiformnega glioblastoma ali z monoterapijo pri bolnikih s ponavljajo¢im
se ali napredujocim gliomom, so bili zelo pogosti nezeleni ucinki podobni; slabost, bruhanje, zaprtje, nejeSénost, glavobol in utrujenost. Pri bolnikih z novo diagnosticiranim
glioblastomom multiforme na monoterapiji so zelo pogosto porocali o konvulzijah, medtem ko je bil izpu§caj opisan zelo pogosto pri bolnikih z novo diagnosticiranim multiformnim
glioblastomom, ki so prejemali TMZ so¢asno z RT, ter pri tistih, ki so zdravilo prejemali v obliki monoterapije, pogosto pa pri tistih s ponavljajocim se gliomom. Pri obeh indikacijah
so0 0 ve€ini hematoloskih nezelenih reakcij porocali pogosto ali zelo pogosto. Imetnik dovoljenja za promet: Schering-Plough Europe, Rue de Stalle 73, Bruselj Belgija Na€in in
rezim izdaje zdravila: Zdravilo Temodal 20 mg, 100 mg, 140mg, 180 mg, 250 mg se izdaja na recept (Rp/Spec), Temodal 2,5 mg/ml praSek za raztopino za infundiranje
pa je namenjeno uporabi samo v bolniSnicah (H). Datum priprave informacije: februar 2010

Literatura: 1 Povzetek temeljnih znagilnosti zdravila Temodal 2 Stupp R, et. al. Effects of radiotherapy with concomitant and adjuvant temozolomide versus radiotherapy alone on survival in glioblastoma in a
randomised Il study: 5-year analysis of the EORTC-NCIC trial
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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 obliki erlotinibijevega
klorida).

Terapevtske indikacije: Nedrobnoceli¢ni rak pljuc: Zdravilo Tarceva
je indicirano za samostojno vzdrzevalno zdravljenje bolnikov z lokalno
napredovalim ali metastatskim nedrobnoceli¢nim rakom pljuc s stabilno
boleznijo po 4 ciklih standardne kemoterapije na osnovi platine v prvi
liniji zdravljenja. Zdravilo Tarceva je indicirano tudi za zdravljenje
bolnikov z lokalno napredovalim ali metastatskim nedrobnoceli¢nim
rakom plju¢ po neuspehu vsaj ene predhodne kemoterapije. Pri
predpisovanju zdravila Tarceva je treba upostevati dejavnike, povezane
s podaljsanim prezivetjem. Koristnega vpliva na podaljSanje prezivetja
ali drugih klinicno pomembnih ucinkov zdravljenja niso dokazali pri
bolnikih z EGFR-negativnimi tumorji. Rak trebusne slinavke: Zdravilo
Tarceva je v kombinaciji z gemcitabinom indicirano za zdravljenje
bolnikov z metastatskim rakom trebusne slinavke. Pri predpisovanju
zdravila Tarceva je treba upostevati dejavnike, povezane s podaljSanim
prezivetjem. Koristnega vpliva na podaljSanje prezivetja niso dokazali
za bolnike z lokalno napredovalo boleznijo.

Odmerjanje in nacin uporabe: Zdravljenje z zdravilom Tarceva
mora nadzorovati zdravnik z izkusnjami pri zdravljenju raka. Zdravilo
Tarceva vzamemo najmanj eno uro pred zauzitjem hrane ali dve uri po
tem. Kadar je potrebno odmerek prilagoditi, ga zmanjSujemo 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 nekadilcih.
Nedrobnoceli¢ni rak plju¢: Priporoc¢eni dnevni odmerek zdravila Tarceva
je 150 mg. Rak trebusne slinavke: Priporoceni dnevni odmerek zdravila
Tarceva je 100 mg, v kombinaciji z gemcitabinom. Pri bolnikih, pri
katerih se kozni izpusc¢aj v prvih 4 do 8 tednih zdravljenja ne pojavi,
je treba ponovno pretehtati nadaljnje zdravljenje z zdravilom Tarceva.
Kontraindikacije: Huda preobcutljivost za erlotinib ali katero koli
poOMoOZno snov.

Posebna opozorila in previdnostni ukrepi: Mocni induktorji
CYP3A4 lahko zmanjsajo ucinkovitost erlotiniba, mocni zaviralci
CYP3A4 pa lahko povecajo toksi¢nost. Socasnemu 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.
Verjetno je, da je velikost zmanjsanja klinicno pomembna. Pri bolnikih,
pri katerih se akutno pojavijo novi in/ali poslabSajo nepojasnjeni
pljucni simptomi, kot so dispneja, kaselj in vrocina, je zdravljenje z
zdravilom Tarceva treba prekiniti, dokler ni znana diagnoza. Bolnike,
ki se soCasno zdravijo z erlotinibom in gemcitabinom, je treba skrbno
spremljati zaradi moznosti pojava toksic¢nosti, podobni intersticijski
pljucni bolezni. Ce je ugotovljena intersticijska plju¢na bolezen,
zdravilo Tarceva ukinemo in uvedemo ustrezno zdravljenje. Pri
priblizno polovici bolnikov, ki so se zdravili z zdravilom Tarceva, se
je pojavila driska. Zmerno do hudo drisko zdravimo z loperamidom.
V nekaterih primerih bo morda potrebno zmanjsanje odmerka. V
primeru hude ali dolgotrajne driske, navzeje, anoreksije ali bruhanja,
povezanih z dehidracijo, je zdravljenje z zdravilom Tarceva treba
prekiniti in dehidracijo ustrezno zdraviti. O hipokaliemiji in ledvicni
odpovedi so porocali redko. Posebno pri bolnikih z dejavniki tveganja
(socasno 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 so¢asno jemanje hepatotoksicnih 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 obcasno. Pri bolnikih, ki
socasno prejemajo zdravila, ki zavirajo angiogenezo, kortikosteroide,
nesteroidna protivnetna zdravila (NSAID) in/ali kemoterapijo na osnovi
taksanov, ali so v preteklosti imeli pepticni ulkus ali divertikularno
bolezen, je tveganje vecje. Ce pride do tega, je treba zdravljenje z
zdravilom Tarceva dokonc¢no ukiniti. Porocali so o primerih koznih
bolezni z mehurji in luS¢enjem kozZe, 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, ¢e se pri bolniku pojavijo hude
oblike mehurjev ali luscenja koze. Zelo redko so porocali o primerih
perforacije ali ulceracije rozenice; opazili so tudi druge ocesne bolezni.

Zdravljenje z zdravilom Tarceva je treba prekiniti ali ukiniti, ¢e se pri
bolnikih pojavijo akutne ocesne bolezni, kot je bolecina v oceh, ali se
le-te poslabsajo. 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 manjsSi meri s CYP1A2. Presnova erlotiniba zunaj jeter
poteka s CYP3A4 v crevesju, CYPTAT1 v pljucih in CYP1B1 v tumorskih
tkivih. Z zdravilnimi ucinkovinami, ki se presnavljajo s temi encimi,
jih zavirajo ali pa so njihovi induktorji, lahko pride do interakcij.
Erlotinib je srednje mocan zaviralec CYP3A4 in CYP2C8, kot tudi
mocan zaviralec glukuronidacije z UGT1A1 in vitro. Pri kombinaciji
ciprofloksacina ali mocnega zaviralca CYPIA2 (npr. fluvoksamina)
z erlotinibom je potrebna previdnost. V primeru pojava neZzelenih
dogodkov, povezanih z erlotinibom, lahko odmerek erlotiniba
zmanjsamo. Predhodno ali socasno zdravljenje z zdravilom Tarceva
ni spremenilo ocistka prototipov substratov CYP3A4, midazolama in
eritromicina. Inhibicija glukoronidacije lahko povzrodi interakcije z
zdravili, ki so substrati UGTIATI in se izlocajo samo po tej poti. Mocni
zaviralci aktivnosti CYP3A4 zmanjsajo presnovo 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¢nosti.
Mocni spodbujevalci aktivnosti CYP3A4 zvecajo presnovo erlotiniba in
pomembno zmanjsajo plazemske koncentracije erlotiniba. Socasnemu
dajanju zdravila Tarceva in induktorjev CYP3A4 se je treba izogibati.
Pri bolnikih, ki potrebujejo socasno zdravljenje z zdravilom Tarceva in
mocnim 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 Sentjanzevka. Ce te zdravilne uc¢inkovine
kombiniramo z erlotinibom, je potrebna previdnost. Kadar je mogoce, je
treba razmisliti o drugih nacinih zdravljenja, ki ne vkljucujejo mocnega
spodbujanja aktivnosti CYP3A4. Bolnikom, ki jemljejo varfarin ali druge
kumarinske antikoagulante, je treba redno kontrolirati protrombinski
Cas ali INR. Socasna uporaba zaviralcev P-glikoproteina, kot sta
ciklosporin 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 posledicno njegovo
bioloSko uporabnost. Ucinka antacidov na absorpcijo erlotiniba niso
proucevali, vendar je ta lahko zmanjsana, kar vodi v nizje plazemske
koncentracije. Kombinaciji erlotiniba in zaviralca protonske crpalke 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 loceno: 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,
navzeja, bruhanje, stomatitis, bolecina v trebuhu, pruritus, suha koza,
suhi keratokonjunktivitis, konjunktivitis, zmanjSanje telesne mase,
depresija, glavobol, nevropatija, dispepsija, flatulenca, alopecija,
okorelost, pireksija. Pogosti neZeleni ucinki so gastrointestinalne
krvavitve, krvavitev iz nosu, nenormalnosti testov jetrne funkcije,
keratitis, zanohtnica. Redko so porocali o jetrni odpovedi. Obcasno pa
o perforacijah v prebavilih, porascenosti moskega tipa pri Zenskah,
spremembah obrvi, krhkih nohtih, odstopanju nohtov od koze, blagih
reakcijah na kozi (npr. hiperpigmentacija), spremembah trepalnic, resni
intersticijski plju¢ni bolezni, vklju¢no s smrtnimi primeri. Zelo redko so
porocali o primerih, ki so nakazovali na Stevens-Johnsonov sindrom/
toksi¢no epidermalno nekrolizo in so bili v nekaterih primerih smrtni,
ter o ulceracijah in perforacijah rozenice.

Rezim izdaje zdravila: H/Rp.

Imetnik dovoljenja za promet: Roche Registration Limited, 6 Falcon
Way, Shire Park, Welwyn Garden City, AL7 1TW, Velika Britanija.
Verzija: 1.0/10.

Informacija pripravljena: maj 2010.

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.

Roche)

033-10-TAR




erlotinib

(;‘ Tarceva

CAS ZA ZIVLJEN]JE.

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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Epufen™

fentanil

SKRAJSAN POVZETEK GLAVNIH ZNACILNOSTI ZDRAVILA Epufen 12,5, 25, 50,
100 in 150 mikrogramov/uro transdermalni oblizi SESTAVA: 1 transdermal-
ni obliz vsebuje 2,89 mg, 5,78 mg 11,56 mg, 23,12 mg ali 34,65 mg fentanila.
TERAPEVTSKE INDIKACIJE: Huda kroni¢na bolecina, ki se lahko ustrezno zdravi
le z opioidnimi analgetiki. ODMERJANJE IN NACIN UPORABE: Odmerjanje je tre-
ba individualno prilagoditi ter ga po vsaki uporabi redno oceniti. Izbira zacetnega
odmerka: velikost odmerka fentanila je odvisna od predhodne uporabe opioidov,
kjer se upoSteva moznost pojava tolerance, soCasnega zdravijenja, bolnikovega
splosnega zdravstvenega stanja in stopnje resnosti obolenja. Pri bolnikih, ki pred
tem niso dobivali mocnih opioidov, zaCetni odmerek ne sme preseci 12,5-25 mi-
krogramov na uro. Zamenjava opioidnega zdravljenja: pri zamenjavi peroralnih ali
parenteralnih opioidov s fentanilom je treba zaCetni odmerek izraunati na osnovi
kolicine analgetika, ki je bila potrebna v zadnjih 24 urah, jo pretvoriti v odgovarjajoci
odmerek morfina s pomocjo razpredelnice in nato preratunati ustrezen odmerek
fentanila, spet s pomocjo razpredelnice (glejte SmPC). Prvih 12 ur po prehodu na
transdermalni obliz Epufen bolnik e vedno dobiva predhodni analgetik v enakem
odmerku kot prej; v naslednjih 12 urah se ta analgetik daje po potrebi. Titracija
odmerka in vzdrzevalno zdravijenje: obliz je treba zamenjati vsakih 72 ur. Odme-
rek je treba fitrirati individualno, dokler ni dosezen analgeticni ucinek. Odmerek
12,5 mikrogramov/uro je primeren za titriranje odmerka v manjSem odmernem ob-
modju. Ce analgezija na koncu zacetnega obdobja nodenja obliza ni zadostna, se
lahko odmerek po 3 dneh zveta. Mozno je, da bodo bolniki potrebovali obéasne
dodatne odmerke kratko delujocih analgetikov (npr. morfina) za prekinitev bolecine.
Sprememba ali prekinitev zdravljenja: vsaka zamenjava z drugim opioidom mora
potekati postopoma, z majhnim zacetnim odmerkom in pocasnim zvecevanjem.
Splodno veljavno pravilo je postopna ustavitev opioidne analgezije, da bi preprecili

tremor. Uporaba pri starej$ih bolnikih: starej$e in oslabljene bolnike je treba skrb-
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¢lan skupine Sandoz

Nezen dotik skrije bolecino

NOVA JAKOST

EPUFEN™ 150 pg/h

no opazovati zaradi simptomov prevelikega odmerjanja ter odmerek po potrebi
zmanjSati. Uporaba pri otrocih: transdermalni oblizi Epufen se lahko uporabljajo
le pri pediatri¢nih bolnikih (starih od 2 do 16 let), ki tolerirajo opioide in peroralno
Ze dobivajo opioide v odmerku, enakovrednemu najmanj 30 mg morfina na dan.
Bolnik mora prvih 12 ur po prehodu na Epufen Se vedno dobivati predhodni anal-
getik v enakem odmerku kot prej. V naslednjih 12 urah je treba ta analgetik dajati
odvisno od klinicnih potreb. Titracija odmerka in vzdrZevalno zdravljenje: Ce je anal-
geticni ucinek Epufena presibak, je treba bolniku dodati morfin ali drugi opioid s
kratkim delovanjem. Odvisno od dodatnih potreb po analgeziji in jakosti bolecine
pri otroku se lahko uporabi ve¢ oblizev. Odmerek je treba prilagajati korakoma, po
12,5 mikrogramov/uro. Uporaba pri bolnikih z jetrno ali ledvicno okvaro:

di moznosti pojava simptomov prevelikega odmerjanja je treba te bolnike skrbno
spremljati in odmerek ustrezno zmanjSati. Uporaba pri bolnikih s povecano telesno
temperaturo: Pri teh bolnikih bo morda treba prilagoditi odmerek. Nacin uporabe:
transdermalni obliz Epufen je treba takoj po odprtju vrecke nalepiti na nerazdrazeno,
neobsevano kozo, na ravno povrsino prsnega kosa, zgornjega dela hrbta ali nadlakti.
Po odstranitvi zascitne plasti je treba obliZ trdno pritrditi na izbrano mesto in z dlanjo
pritiskati priblizno 30 sekund, da se obliz popolnoma nalepi, $e zlasti na robovih.
Uporaba pri otrocih: pri mlajsih otrocih je obliz priporoCljivo nalepiti na zgomniji del
hrbta, ker je manj$a verjetnost, da bi otrok odstranil obliz. Transdermalnega obliza
se ne sme deliti, ker podatkov o tem ni na voljo. KONTRAINDIKACIJE: Preobcu-
tljivost za zdravilno ucinkovino, hidrogenirano kolofonijo, sojo, araside ali katerokoli
pomozno snov. Akutna ali pooperativna bolecina, ko v kratkem ¢asovnem obdobju ni
mozno titriranje odmerka in obstaja verjetnost za Zivljenjsko ogroZajoco respirator-
no depresijo. Huda okvara osrednjega Zivénega sistema. POSEBNA OPOZORILA IN
PREVIDNOSTNI UKREPI: Zaradi razpolovne dobe fentanila je treba bolnika v primeru
pojava nezelenega ucinka opazovati $e 24 ur po odstranitvi obliza. Pri nekaterih bol-
nikih, ki uporabljajo transdermalni obliz Epufen, se lahko pojavi respiratorna depre-

sija. Epufen je treba previdno dajati: bolnikom s kroni¢no pljuéno boleznijo, zvisanim
intrakranialnim tlakom, moZganskim tumorjem, boleznimi srca, jeter in ledvic, tistim
Z zviSano telesno temperaturo, pri starej$ih bolnikih in otrocih, bolnikih z miaste-
nijo gravis. Odvisnost od zdravila: kot posledica ponavijajoce se uporabe se lahko
razvijeta toleranca na ucinkovino ter psihi¢na in/ali fizicna odvisnost od nje. Ostali:
lahko se pojavijo neepilepticne (mio)klonicne reakcije. MEDSEBOJNO DELOVANJE
Z DRUGIMI ZDRAVILI IN DRUGE OBLIKE INTERAKCIJ: Derivati barbiturne kisline,
relaksanti, sedativni antihistaminiki in alkoholne pijace, zaviralci MAO, itrakonazol,
ritonavir, ketokonazol, nekateri makrolidni antibiotiki, pentazocin, buprenorfin. VPLIV
NA SPOSOBNOST VOZNJE IN UPRAVLJANJA S STROJI: Zdravilo ima motan
vpliv na sposobnost voznje in upravijana s stroji. NEZELENI UCINKI: Najbolj resen
neZelen ucinek fentanila je respiratorna depresija. Zelo pogosti (= 1/10): drema-
vost, glavobol, navzeja, bruhanje, zaprtje, znojenje, srbenje, somnolenca. Pogosti
(= 1/100 do < 1/10): kserostomija, dispepsija, reakcije na kozi na mestu aplikacije,
sedacija, zmedenost, depresija, tesnoba, na napetost, halucinacije, zmanj$an
apetit. Ob¢asni (= 1/1000 do < 1/100): tahikardija, bradikardija, tremor,

motnje govora, dispneja, hipoventilacija, diareja, zastajanje urina, izpu

hipertenzija, hipotenzija, evforija, amnezija, nespecnost, vznemirljivost. Nekateri od
nastetih nezelenih ucinkov so lahko posledica osnovne bolezni ali drugih zdravljenj.
Drugi nezeleni ucinki: odpornost, fizicna in psihicna odvisnost se lahko razviiejo med
dolgotrajno uporabo fentanila. Pri nekaterih bolnikih se lahko pojavijo odtegnitveni
simptomi, ko zamenjajo prejSnje opiodne analgetike s transdermalnim obilzem s
fentanilom ali po nenadni prekinitvi zdravijenja. NACIN IZDAJE: Samo na zdravni-
$ki recept. OPREMA: Skatle s 5 transdermalnimi oblizi. IMETNIK DOVOLJENJA ZA
PROMET: Lek farmacevtska druzba, d.d., Verovskova 57, Ljubljana, Slovenija INFOR-
MACIJA PRIPRAVLJENA: avgust 2009
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Ze vel kot desetletje
prin@samo resitve

v Vas laboratori)'

Za podroc¢ja:

® bioznanosti SYNGENE, INVITROGEN, BIOTEK
diagnostike MINERVA, MEDAC, BIOTEK

e gojenja celi¢nih kultur INVITROGEN-GIBCO, TPP, SANYO

® merjenja absorbance, fluorescence in luminiscence
BIOTEK, SHIMADZU

e pipetiranja BIOHIT in BIOTEK

e laboratorijske opreme in instrumentov SANYO, SHIMADZU

e Ciste vode za laboratorije ELGA LABWATER

e HPLC in GC instrumentov, kolon, vial in filtrov

PHENOMENEX, CHROMACOL/NATIONAL SCIENTIFIC, SHIMADZU

SVETOVANJE, TRGOVINA, TRZENJEd.0.0.* Kalika9 ® PE: Stritarjeva5* 4000 KRANJ * Slovenija
T:+38642015050 ¢ F:+38642015055¢e-mail:info@kemomed.si® www.kemomed.si
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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 obolenii.

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 Sandostatin LAR

oktreotid/i.m. injekeije

za odkrivnje novih ucinkovin.
@ EXJADE

deferasiroks

) NOVARTIS

ONCOLOGY

Novartis Pharma Services Inc. ® Podruznica v Sloveniji ® Tivolska cesta 30 ¢ 1000 Ljubljana Samo za strokovno javnost. NV-JA-02/09-SI
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EPREX® z varnostnim sistemom za injiciranje PROTECS™

v

VISOKA =9 || PREDVIDLJIVO =3 || OPTIMALEN =9
AFINITETA ZVISANJE RAVNI || NADZOR RAVNI
VEZAVE HEMOGLOBINA || HEMOGLOBINA

-

Sirok izbor jakosti zdravila EPREX za zdravljenje anemije pri bolnikih z rakom:

* EPREX® 10.000.e./1,0 ml
* EPREX® 20.000i.e./0,5 ml
* EPREX’ 30.000i.e./0,75 ml
* EPREX® 40.000i.e./1,0 ml

SKRAJSANO NAVODILO ZA PREDPISOVANJE ZDRAVILA EPREX®

EPREX® 1000 i.e./0,5 ml, EPREX® 2000 i.e./0,5 ml, EPREX® 3000 i.e./0,3 ml, EPREX® 4000 i.e./0,4 ml, EPREX® 5000 i.e./0,5 ml, EPREX® 6000 i.e./0,6 ml, EPREX® 8000 i.e./0,8 ml, EPREX® 10.000 i.e./1,0 ml,
EPREX® 20.000.e./0,5 ml, EFREX® 30.000 i.e./0,75 ml, EPREX® 40.000 i.e./1,0 ml raztopina za injiciranje v napolnjenih injekcijskih brizgah in EPREX® 40.000 i.e./1,0 ml raztopina za injiciranje. Sestava: epoetin
alfa, natrijev dihidrogenfosfat dihidrat, dinatrijev hidrogenfosfat dihidrat, natrijev klorid, polisorbat, glicin, voda za injekcije. Terapevtske indikacije: zdravljenje simptomatske anemije, ki je posledica kronicnega
odpovedovanja ledvic pri odraslih in otrocih, zdravljenje anemije in zmanjsanje potreb po transfuziji pri odraslih bolnikih, pri katerih s kemoterapijo zdravimo solidne tumorje, maligni limfom ali multipli mielom,
povecanje proizvodnje avtologne krvi pri bolnikih v programu samodarovanja krvi pred operacijo, zmanjsanje izpostavljenosti alogenim transfuzijam krvi pred vecjimi elektivnimi ortopedskimi kirurskimi posegi.
Odmerjanje in nacin uporabe: Bolniki s kronicno ledviéno odpovedjo na hemodializi: Zdravilo injicirajte i.v. ali s.c., ciljna koncentracija Hb je 100-120 g/I pri odraslih in 95-110 g/I pri otrocih. Korekcijska faza: 50 i.e./kg
3 x tedensko. Odmerek prilagajamo postopno, z vsaj Stiritedenskimi casovnimi presledki za 25 i.e./kg 3 x tedensko. Vzdrzevalna faza: priporocen skupni tedenski odmerek je od 75 do 300 i.e./kg. Odrasli bolniki z
zmanjsanim ledvicnim dels jem, ki se Se ne zdravijo z dializo: zacetni odmerek je 50 i.e./kg s.c. 3 x tedensko. Odmerek prilagajamo postopno, z vsaj Stiritedenskimi €asovnimi presledki za 25 i.e./kg 3 x tedensko.
Vzdrzevalni odmerek je od 17 do 33 i.e./kg 3 x tedensko, najvetji tedenski odmerek ne sme presegatl 200 i.e./kg 3 x tedensko Odrasli bolniki na peritonealni dializi: Korekcijska faza: 50 i.e./kg s.c. 2 x
tedensko.VzdrZevalni odmerek je od 25 do 50 i.e./kg 2 x tedensko. Odrasli bolniki z rakom s simp ko ijo, ki se zdravijo s k pijo: Bolnike z anemijo zdravimo du ciljne koncentracije Hb 100-120 g/I,
Hb pa ne sme preseci 120 g/I. Zagetni odmerek je 150 i.e./kg s.c. 3 x tedensko ali 450 i.e./kg s.c. 1x tedensko. Odrasli kirurski bolniki, vkljuceni v program I biranja krvi za fuzijo: 600 i.e./kg
iv., 2-krat na teden v obdobju treh tednov pred kirurskim posegom. Odrasli kirurski bolniki, ki niso vklju€eni v program avtolognega zbiranja krvi za avtotransfuzijo: 600 i.e./kg, s.c., enkrat tedensko v obdobju treh
tednov pred kirurskim posegom in na dan kirurskega posega. Kontraindikacije: ¢ista aplazija rdecih krvnih celic (PRCA), nenadzorovana arterijska hipertenzija, kontraindikacije povezane s programom avtolognega
zbiranja krvi, preobcutljivost za katerokoli sestavino zdravila, bolniki, pri katerih je predviden vegji elektiven kirurski poseg in niso vklju¢eni v program avtolognega zbiranja krvi s hudo koronarno, cerebrovaskularno,
karotidno ali periferno arterijsko bolezen ali so nedavno preboleli miokardni infarkt ali cerebrovaskularni dogodek, bolniki, ki ne morejo prejemati ustrezne antitromboticne profilakse. Posebna opozorila in
previdnostni ukrepi: Med zdravljenjem moramo spremljati in nadzorovati krvni tlak, ¢e ga ne moremo urediti, moramo zdravljenje prekiniti. Potrebna je previdna uporaba zdravila pri bolnikih z epilepsijo in kroni¢no
boleznijo jeter. Prvih osem tednov zdravljenja priporocamo redno spremljanje Stevila trombocitov. Za optimalen odgovor na zdravljenje, je treba zagotoviti ustrezne zaloge Zeleza. Po vet mesecih ali letih zdravljenja
s subkutano apliciranim zdravilom so redko poroéali o PRCA, povzrogeni s protitelesi. Ce sumimo PRCA moramo zdravljenje takoj prekiniti. Zaradi verjetnosti navzkrizne reakcije s protitelesi, bolniku ne smemo dati
drugega epoetina in mu moramo zagotoviti ustrezno zdravljenje. Pri ocenjevanju ustreznosti odmerka pri bolnikih z rakom, ki prejemajo kemoterapijo, moramo upostevati, da minejo 2-3 tedni od zacetka zdravljenja
do pojava eritrocitov, nastalih pod njegovim vplivom v krvi. Kot pri vseh rastnih faktorjih obstaja verjetnost, da bi lahko spodbujali razvoj katere koli vrste rakave bolezni. Pri bolnikih, pri katerih je predviden vegji
elektivni ortopedski kirurski poseg, je treba ugotoviti vzrok za anemijo in ga odpraviti pred zacetkom zdravljenja. Pri bolnikih s kronicnim ledviénim odpovedovanjem je potrebna previdnost. Interakcije: Ni dokazov,
da zdravljenje z epoetinom alfa vpliva na metabolizem drugih zdravil. Ker se ciklosporin veZe na eritrocite, obstaja moZnost interakcije med zdraviloma. NeZeleni ucinki: trombocitemija, PRCA, anafilakti¢na
reakcija, hipersenzitivnost, krci, glavobol, cerebralna krvavitev, cerebrovaskularni dogodki, hipertenzivna encefalopatija, tranzitorna ishemicna ataka, hipertenzija, tromboze, pljuéna embolija, navzea, diareja,
bruhanje, izpus¢aj, angionevroticni edem, urtikarija, artralgija, mialgija, porfirija, pireksija, gripi podobni simptomi, neutinkovitost zdravila, periferni edem, reakcija na mestu injiciranja, tromboza Zilnega pristopa.
Imetnik dovoljenja za promet: Johnson & Johnson d.0.0. Smartinska 53, 1000 Ljubljana Rezim izdajanja zdravila: H/Rp. Datum revizije: 11. 12. 2009.

SAMO ZA STROKOVNO JAVNOST




www.kaiti.it

\

- CLINICAL BIOPHYSICS

Electrochemotherapy
effective, simple, safe.
Improve the Quality of Life

of your patients.

/

I

Before electrochemotherapy 60 days after electrochemotherapy

Quaglino P, Annals Of Surgical Oncology. 15 (8): 2215-2222. 2008

Before electrochemotherapy 10 weeks after electrochemotherapy

Gehl J, EJC Supplements, Volume 4, N° 11: 35-37, 2006

IGEA is proud to present a new therapy for local tumour
control: electrochemotherapy with Cliniporator™.

For local tumours control

CLINICAL INDICATIONS

Single and in-transit melanoma metastases

Cutaneous metastases from any tumours independently of histology

Primary cutaneous tumours: basal and squamous cell carcinoma

EFFICACY: 75% of complete response (M. Marty, EJC, 2006). SAFETY: no or
minimal side effects, treatment can be repeated. ADVANTAGES FOR THE
PATIENTS: Well tolerated. Preserves organs' function and healthy tissue. Allows
quick recovery.



Instructions for authors

The editorial policy of the journal Radiology and Oncology is to publish original scientific papers, professional papers, review
articles case reports and varia (editorials, short communications, professional information, book reviews, letters, etc.) perti-
nent to diagnostic and interventional radiology, computerized tomography, magnetic resonance, ultrasound, nuclear medi-
cine, radiotherapy, clinical and experimental oncology, radiobiology, radiophysics and radiation protection. 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 published else-
where without written permission from the editorial board. Papers concerning the work on humans must comply with the
principles of the declaration of Helsinki (1964). The approval of the ethical committee must then be stated on the manuscript.
Papers with questionable justification will be rejected.

The manuscript written in English should be submitted to the Editorial Office Radiology and Oncology, Institute of Oncology
Ljubljana, Zaloska 2, SI-1000 Ljubljana, Slovenia; (Phone: +386 (0)1 5879 369, Tel./Fax: +386 (0)1 5879 434, E-mail: gsersa@
onko-i.si). Authors are also asked to submit their manuscripts electronically to: gsersa@onko-i.si. A printed copy along with
the manuscript on CD should be sent to the editorial office. The type of computer and word-processing package should be
specified (Word for Windows is preferred).

All articles are subjected to editorial review and review by independent referees selected by the editorial board. Manuscripts
which do not comply with the technical requirements stated herein will be returned to the authors for correction before
peer-review. The editorial board reserves the right to ask authors to make appropriate changes in the contents as well as
grammatical and stylistic corrections when necessary. The expenses of additional editorial work and requests for additional
reprints will be charged to the authors.

General instructions-Radiology and Oncology will consider manuscripts prepared according to the Vancouver Agreement (N
Engl ] Med 1991; 324: 424-8, BM] 1991; 302: 6772; JAMA 1997; 277: 927-34.).The manuscript should be typed double-spaced
with a 3-cm margin at the top and left-hand side of the sheet. The paper should be written in grammatically and stylistically
correct language. Abbreviations should be avoided unless previously explained. The technical data should conform to the
SI system. The manuscript, including the references, must not exceed 20 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. The text of the report should then proceed as follows:

Introduction should state the purpose of the article and 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. Reports on human and animal subjects should include a statement that ethical approval of the study was
obtained.

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 review the results of the study in the light of previously published work.

Radiol Oncol 2010; 44(2)



Illustrations and tables must be numbered and referred to in the text, with the appropriate location indicated. Graphs and
photographs, provided electronically, should be of appropriate quality for good reproduction. Colour graphs and photo-
graphs are encouraged. Picture size must be 2.000 pixels on the longer side. In photographs, mask the identities of the pa-
tients. Tables should be typed double-spaced, with a descriptive title and, if appropriate, units of numerical measurements
included in the column heading.

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.

Page proofs will be sent by E-mail or faxed to the corresponding author. It is their responsibility to check the proofs carefully
and return a list of essential corrections to the editorial office within 48 hours of receipt. If corrections are not received by the
stated deadline, proof-reading will be carried out by the editors.

Reprints: The electronic version of the published papers will be available on www.versita.com free of charge.
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suntinibrev malat

ODPIRANJE NOVIH MOZNOSTI

ZA ZDRAVLJENJE
RAKA LEDVICNIH CELIC
IN GASTROINTESTINALNEGA
STROMALNEGA TUMORJA

BISTVENE INFORMACIJE IZ PO

SUTENT 12,5 mg, 25 mg, 37,5 mg mg trde kapsule
Sestava in oblika zdravila: V kapsula vsebuje 12.5
S 1 stromalnega tumorjd (GIST) Ce zdravljenje z imatinibijevim mesilatom zaradi odpornosti ali neprenasanja ni bilo uspesno.
nih celic (MRCC) Odmerjan_]e in nacm uporabe: Ter: r ti zdravnik, ki ima izkusnje z zdravljenjem MRCC ali GIST. Pripo
s i 6 tednov. Odmerek je mogoce prilag pov Y

varnost in prenasanje. Dnevni @ od 25 mg. Pri sni uporabi z mo¢nimi Zdvmllu ali induktorji CYP3 4 je potrebno odmerek ustrezno prilagoditi.
Uporaba pri otrocih in mladostnil S dokler : j atnih podatkov. Uporaba pri starejsih bolnikih (= 65 let): med r in mlaj$imi bolniki
niso opazili pome ih razlik v varnosti 1 ovi I ri bolnikih z jetrno okvaro razreda A in B po Child-Pughu prilagoditev odmerka ni potrebna; pri bolniki z okvaro razreda
C Qutem ni bil preizkusen. C i 1dij niso 1Z\edll Sutent se uporablja peroralno, bolnik ga lahko vzame z ali brez hrane. Ce pozabi vzeti odmerek, ne sme dobiti dodatneg

i n. Kontraindikacije: Preob; ut VO t za zdravilno ui nkovmo ali katerokoli pomoZno snov. Posebna opozorila in previdnostni ukrepi:

r - tudi resni zapleti. Hipertenzi :
neja, plevralni izliv, plju¢na embolija ali plju¢ni edem.
y y je. a prebavila, hematolos
dogodkih na dlhdllh venskih tmmbemboll(_mh dow)dklh pdnk eatitisu in u¢inkih na jetra so opisani uldl smrtni izidi. l\rledsebOJnO delovanje z druglml zdravi ila, ki lahko zvi$ajo koncentracij
sunitiniba v plazmi (ketokonazol, ritona r, itrakonazol, eritromicin, klaritromicin ali sok grenivke). Zdravila, ki lahko zniZajo koncentracijo sunitiniba v plazmi (deksametazon, fenitoin, karbamazep
rifampin, fenobarbital, Hypericum perforatum oz. SentjanZevka). Antikoagulanti. Nose¢nost in dojenje: Sutenta se ne sme uporabljati med nosecnostjo in tudi ne pri Zenskah, ki ne uporab
kontracepcije, razen ¢e mozna korist odtehta mozno tveganje za plod. Zenske v rodni dobi naj med zdrz 1|enJem N Sutemom ne zanosijo. Zenske, ki Jemljejo Sutent, ne smejo dojiti. Vpliv na
sposobnost voZnje in upravljanja s stroji: Sutent lahko povzro¢i omotico. Nezelem ucml\ ombomtopen a,
hipertenzij rujenost, diar avzea, stomatitis, dispepsija, bruhanje, obar k
teka, IT]O[IIJE ok j E a v trebuhu / napihnjenost, flatulenca, bole i ndrom palmarno plantarne entrodlz tezue spremembe barve las, astenija, vnetje sluznlue eden
Nacin in rezim izdajanj daja zd a je le na recept, uporablja pa se samo v bolr ah. Izjemoma se lahko uporablja pri nadaljevanju zdravljenja na domu ob odpustu iz bolniSnice in nadaljnj
zdravljenju. Imetnik dovoljenja za promet: Pfizer Limited, Ramsgate Road, Sandwich, Kent, CT13 9NJ, Veli ji i
Pred predpisovanjem se seznanite s celotnim povzetkom glavnih znacilnosti zdravila.

SUT-01-10

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