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Responsibilities and commitments to research
in the future

Fditorial Predictions are ominous: in the next 20 years the victims of cancer will triple, and unfortunately,
so will the deaths from that cause compared to the incidence and mortality rates at the

beginning of our century.

Vassilios Barbounis  All the interested parties, society, academic community, industry and health professionals
should join their forces to rapidly discover effective solutions to overcome the tidal wave of
cancer consequences in areas such as disease prevention, early diagnosis, but essentially,
treatment with innovative but low cost medicines, the last one being an absolute necessity.

George Fountzilas, Professor of Oncology in the Aristotle University of Thessaloniki and
President of the Hellenic Cooperative Oncology Group, tries to describe the pressing
responsibilities, actions and areas of activity for everyone involved in the fight against cancer.

Common denominator for all the efforts mentioned above is research. The article “Clinical trials:
Research and innovation at the service of patients and society’, FCO 2012 June; 3(2):11-17, alludes
to the rules, methodology, motives of all of us and also to the obstacles they might encounter.

A significant part of the article refers to the Greek contribution to the research against cancer
within the European Union as well as the difficulties and future prospects; proposals for the
improvement of the current situation are also put forward.

The author's arguments —although based on theory stated 30 years ago— are in accordance
with contemporary reality and future projections, and provide a framework, for research
against cancer to advance in the next decades, while commenting accountabilities and
initiatives of all involved in this struggle.

June 2012
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One more reason why we should treat

unresectable gliomas

Evangelia Razis, Panagiotis Nomikos

Gliomas and particularly glioblastoma multi-
forme (GBM]) are tumors with grave progno-
sis and profound consequences for the pa-
tients” quality of life. Few agents have shown
activity so far, though many targeted mole-
cules have been tested with or without
pre-existing biological rationale. Most target-
ed agents have been tested on all-comers
and thus, if a small subgroup were to derive
a significant benefit, such benefit would be
diluted and, therefore, missed [1, 2]. This
seems to be the story, almost universally, (in
all tumors] with bevacizumab [3] and in GBM
with all targeted agents [4].

Granted, there have been strong scientific
reports [5, 6] that demonstrate the plurality of
mutations in GBM and, therefore, the redun-
dancy of growth signals and resilience of the
cell. However, a more systematic approach to
the study of new agents could lead to a better
understanding of tumor biology and to the
identification of the processes that drive each
glioma -if not to the identification of a consti-
tutional mutation.

It was previously proposed by Tim Cloughes
at the American Society of Clinical Oncology
annual meeting in 2009 that there should be a
standardized biopsy-treat-rebiopsy approach
to the study of such agents in GBM. This
approach would first ensure that the agent
actually reaches the tumor and achieves
measurable levels in it. Subsequently, mole-
cular biology and proteomic studies should
test whether the agent causes changes in
some core biological processes. Further-
more, this approach would allow us to de-
termine the characteristics of cells that re-
spond versus those that don't and subse-
quently identify the "targets” of the agent being
tested. Such an approach would also allow
clinicians to avoid the use of very expensive,
potentially dangerous agents in patients who
are unlikely to benefit. Using a targeted agent
in a non-targeted fashion is, after all, very
unlikely to be an acceptable way of doing
things in the era of cost containment.

In this issue of FCO we include an article on
the utility of GBM therapy in the setting of
unresectability [7]. This is a retrospective
study that includes patients that were treated
after biopsy or debulking surgery. The
definition of the latter is not given. Additionally,
it includes patients who received radiotherapy
only without Temozolomide. The retrospe-
ctive and non-randomized nature of the study
forbids us from drawing firm conclusions.
Additionally, the study conclusion is derived
indirectly through the comparison of the 2
radiotherapy only arms with the "biopsy only-
chemoradiotherapy” arm. Besides arguing
the obvious benefits that have been previously
demonstrated in patients with some cytore-
duction [8, 9], it would be useful to consider the
aforementioned rationale for therapy in the
setting of a clinical trial with targeted agents.
This could be followed by a secondary resec-
tion in cases that respond to the agent under
trial. We have previously published such a
trial which, at least, demonstrates proof of
principle of this approach [10].

[tis intuitively obvious that we should make a
point of learning from our successes and
failures and use them to guide us in a more
rational design of future studies. Clearly, there
are patients who derive no benefit, ones that
derive a very modest benefit and ones that
derive a very large benefit from chemothe-
rapy. Shouldn't therefore our society insist on
more methodical approaches to the study of
GBM, so that such expensive and potentially
toxic agents can be used only on those who
have a higher likelihood to benefit?

The study of Hany Eldeeb et al. makes a valid
point [7]. Every therapeutic approach, even
ones that are included in guidelines, should
be re-evaluated for their cost/benefit ratio and
for their ethics and utility for the patient. In fact,
the patient should, at the very least, be offered
a "no treatment” option. However, if we are
forced by limited resources to adopt a univer-
sal "no treatment” approach on all unresecta-
ble gliomas, we might be doing many current
and future patients a great disservice.

FORUM of CLINICAL ONCOLOGY
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Clinical trials: Research and innovation at the
service of patients and society

George Fountzilas®

Cancer is already a global health problem with
gigantic social, political and financial
repercussions. According to data from the
International Agency for Research on Cancer
[1] it is estimated that in 2030 there will be a
worldwide recording of 20-25 million new
cancer cases and 13-16 million deaths as a
result of the disease. Comparing some of
these numbers with the 10.4 million new
cancer cases and 6.5 million deaths recorded
in the year 2000, one may deduce that this is in
fact an "explosive” outburst of cancer instan-
ces worldwide.

Modern lifestyle with changes in dietary
habits, lack of exercise, obesity, smoking and
longer life expectancy are but a few visible
reasons for this problem and it is quite clear
that enormous investments will be required
in disease prevention, cancer patient treat-
ment, as well as research. The latter includes
both basic research for the discovery of new,
effective anti-cancer drugs at the preclinical
level, as well as clinical research for the
development of said drugs in patients.

In this text we shall allude to: 1) the motives
and rules that must govern clinical research
in Oncology from the point of view of the
researcher, the pharmaceutical industry and
the patient; 2) how Greece ranks in cancer-
related research in the European Union; 3) the
obstacles that, in my opinion, hinder the pro-
gress of clinical research in our country; and 4)
proposals for improving the current situation.

Clinical trials are a very important part of
clinical research. There are many advantages
in conducting clinical trials, the most signi-
ficant of which include patient access to new
drugs; educating young doctors through both
clinical trials and the translational research
that usually accompanies them; enhancing
basic research; and improving technological
infrastructure through the influx of research
funds. For my part, patient access to new
treatments -especially in Oncology- is what
matters the most.

It is obvious that clinical research must be
regulated by rules aiming at protecting pa-
tients and guaranteeing that clinical trials are

conducted properly. Instead of referring to
Good Clinical Practice rules, | preferred to list
the seven rules, best known as Freireich's
Laws, after one of the founding fathers of
modern Medical Oncology (Table) [2]. Though
formulated 30 years ago, they are currently
timelier than ever, given the progress in fields
of Oncology such as transplantations, suppor-
tive treatment with the use of growth factors,
translational research, focused treatment, etc.

FREIREICH'S LAW #1
(Clinical Investigator’'s Creed)

“The primary beneficiary of clinical research
is the patient participating in that research.”

According to the first law, the primary concern
of every clinical researcher -their “credo”, as it
were- must always be caring for the health
and well-being of each and every individual
patient. Any aims and ethical commitments
to future patients, the academic community,
the Institute or society in general, should
come second. Every patient must feel that
their doctor’s first and foremost interest lies
in their own medical problems and second-
arily in those of other patients.

FREIREICH'S LAW #2
(Optimist’s Creed)

“Always be prepared for success. Failure
creates few problems.”

Most of us believe that we must always
prepare for a potential failure. When we are
young, we buy life insurance to prepare for
death or car insurance to prepare for a
possible accident. So, in cancer patient treat-
ment clinical trials, most of us are prepared
for a negative outcome and very few are
prepared for the opposite. The question is
who will be an optimist inside the Health
System from the onset, if not researchers?
The history of Oncology includes several very
important treatment-related accomplish-
ments, achieved by optimistic researchers. It
is precisely this optimism that we must pass
on to our patients, so that they may feel that
the new drug (undergoing testing on them)

June 2012
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Table.

Freireich's Seven Laws on Clinical Research.

LAW#1 Clinical Investigator's Creed
LAW#2  Optimist's Creed
LAW#3  The Academic Question
information.
LAW#4  Statistician’s Creed
LAW#5  Physician’s Creed
LAW #6 Health Service Delivery Creed
patient the best possible care.
LAW#7  Regulator's Creed

offers positive prospects for a dramatic improvement of their
condition.

FREIREICH'S LAW #3
(The Academic Question)

“If we must experiment on patients to obtain medical
information, then we had best do without that information.”

According to the third law, clinical research does not
necessitate negative results as a prerequisite for clinical
trials to be successful. As researchers, we must be satisfied
in knowing that our research results are better than
anticipated and that they will be corroborated by future trials.
We must not offer our patients treatments with limited
chances of success. Research questions must be addressed
exclusively in vitro, rather than on patients.

FREIREICH’S LAW #4
(Statistician’s Creed)

“The best therapeutic research gives the best results.”

A condition sine qua non for a proper clinical trial is to be
accompanied by adequate statistical analysis. We must keep
in mind that a brilliantly designed clinical trial is not one that
yields the highest p value or the greatest statistical
significance; it is the one that gives the best therapeutic
results. When | was younger, | had no intention of suc-
cumbing to what researchers refer to as “the statistics
tyranny”; over the years, however, | came to realise how
important statistical design and proper data analysis is for a
successful clinical trial. So, instead of opposing them, |
decided to work with them.

FREIREICH'S LAW #5
(Physician’s Creed)

“Primum Non'’ fail to do the possible and the necessary.”
Unfortunately, Hippocrates' phrase “primum non nocere” (to

The primary beneficiary of clinical research is the patient participating in that research.
Always be prepared for success. Failure creates few problems.
If we must experiment on patients to obtain medical information, then we had best do without that

The best therapeutic research gives the best results.
“Primum Non" to do the possible and the necessary.

The best patient care (service) is clinical research. Alternate form: The best clinical research offers the

The general solution to a specific problem will soon become a specific problem requiring a general solution.

do good or to do no harm] is not always applicable in
Medicine -and Oncology in particular, where we must very
often act curatively and urgently at that. Perhaps in everyday
medical practice (and medical research] we should
paraphrase the fifth Law into "Do for patients whatever may
be done -or at least do what is deemed necessary".

FREIREICH'S LAW #6
(Regulator’s Creed)

“The general solution to a specific problem will soon
become a specific problem requiring a general solution.”

It is a well-known fact that all clinical trials require their
protocol to have been approved by the host Institution’s
competent Committee, by the National Ethics Committee,
and that researchers need to obtain written consent from
patients.

In all probability, the latter is the single most stress-inducing
document ever to be placed before a person, describing in
such detail all potential risks involved in a clinical trial.

To generalise based on an exception is indeed a great
human weakness. Researchers know all too well that the
best solution to a specific problem is a specific one. So, it
should be perfectly clear to all of us that legal procedures
like the two that | described above (i.e. the clinical trial
approval process and the written consent form) have been
created so as to protect rather than impede proper clinical
research and, by extension, research for new, effective
treatments.

FREIREICH’S LAW #7

(Health Service Delivery Creed)

“The best patient care (service) is clinical research.”
Alternate form: “The best clinical research offers the patient
the best possible care.”

Relevant studies report that patients participating in clinical
trials have a better prognosis than respective patients

FORUM of CLINICAL ONCOLOGY
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treated according to established practices. This different
outcome may be attributed to the higher scientific profile of
physicians involved in clinical trials or the Health Institutions
participating in similar studies; closer observation or
increased care enjoyed by protocol patients; modern
treatments or experimental drugs administered within
protocol frameworks; or other, currently unknown factors.
This means that treatment practice improves as well -albeit
indirectly- through both clinical trials and the knowledge
produced therein.

As an example, | would like to cite the results of a HeCOG
meta-analysis of >2,000 patients with metastatic breast
carcinoma (Figure 1) [3]. Within the framework of clinical
trials conducted by the Group, the average survival of these
patients (which was 15.6 months in the 1991-1994 period),
increased progressively and practically doubled in the 2003-
2006 period. This achievement was due not only to the
improvement of hospitalization conditions and support
treatment, but also to a great extent to the use of new anti-
cancer drugs, such as taxanes and monoclonal antibodies.
However, despite the obvious benefits, the proportion of
cancer patients participating in clinical trials -even in
advanced countries- is <3%. Insufficient information, lack of
trust and overwhelming red tape are but a few of the
reasons that account for this unacceptably low rate.

Naturally, clinical trials are not a one-way street to success.
Especially in Oncology, there is a very high percentage of
failed Phase Ill trials (i.e. randomised studies comparing the
effectiveness as to survival of a new treatment with an
existing, approved one). According to specialists, as was
expressed in a JCO article [4], it appears that anti-cancer
drug development projects, and Phase lll trials in particular,
are more often than not designed in a way that aims solely
at a successful Phase Il study. No particular emphasis is
placed in understanding biological mechanisms of the
disease or identifying patient groups with the greatest
chances to benefit from the treatment in order to include
only those in Phase lll trials. Pressure on behalf of
pharmaceutical companies and researchers for fast starting
trials is often great. Such pressure usually stems from:

1) high expectations for a positive outcome of Phase Ill trials
that would entail an increase in stock prices and
consequently huge profits for shareholders;

2) personal scientific ambitions of the researchers involved,
aiming at a prompt academic advancement;

3) financial benefits enjoyed by all parties involved in clinical
research. These are some of the reasons why certain
clinical trials are designed in a superficial way, resulting
-of course- in a failed outcome with negative repercus-
sions for patients.

According to the aforementioned article author [4], the close

involvement of Wall Street in Oncology (in the form of direct
pecuniary compensation to researchers in exchange for

advice etc] does not herald positive developments pertain-
ing to the objectivity and independence of clinical trials. For
all these reasons, it is imperative that clinical trial funding is
accessible to the wider public.

The example of a trial, the results of which were published
in the New England Journal of Medicine [5], and which was
financed by a tobacco industry unbeknownst to the editor,
should be a sad exception -rather than the rule.

There are obviously no magic solutions to such problems. A
large part of the responsibility falls on our shoulders, i.e. the
Oncology Community. We should be more cautious regar-
ding our participation in clinical trials which are not based
on convincing data. Increased objectivity on behalf of the
researchers will result in greater balance between the
increased risk of failure of such a trial and the scientifically
substantiated process of developing new anti-cancer drugs.

After describing the clinical research-related motives and
obligations of researchers and the pharmaceutical industry,
let us now focus on cancer patients. Why should they take
partin a clinical trial of a new treatment?

In a Journal of Clinical Oncology [6] publication, a multifacto-
rial study showed that the most significant incentive for
patients to participate in a clinical trial is the prospect for
personal benefit from the treatment. Also, other relevant
studies showed that the majority of breast cancer patients
are willing to receive a particularly toxic treatment provided
that the researcher will somehow guarantee them that this

Figure 1.

Triennial overall survival of patients with advanced breast
cancer, having participated in clinical trials by the Hellenic
Cooperative Oncology Group (HeCOG).
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new treatment has a 1% better possibility of increasing
survival as compared to the standard one.

[ would now like to briefly describe the position of Greece in
the European Union, in terms of Oncology research.

A study published in the European Journal of Cancer [7]
mentioned that the in the EU15, Greece, Portugal and Ireland
had the largest average annual rates of increase regarding
cancer-related publications between 2000 and 2006.

In this period of time, the number of Greek researcher publi-
cations amounted to 776. The journal impact factor for
Greece was higher than for the other two aforementioned
countries.

If one compares the number of publications for every country
per million inhabitants and according to its GNP (expressed
in millions of US dollars), one can easily see that Greece has
69.8 publications, clearly more than Portugal and less than
Sweden, both countries of comparable populations. Another
interesting fact is that the number of publications per billion
US dollars of GNP is 3.2 for Greece, 2.3 for Belgium and 1.0 for
Portugal.

Since the beginning of the recent financial crisis in Greece,
academic researcher earnings have suffered a 20% cut and
university research funds have been reduced by 50%. In the

Figure 2.

general climate of pessimism and disappointment, a most
recent publication in the Nature journal gives credit to our
country for ranking particularly well in the participations of
Greek researchers in European Union research projects
from 1984 to 2009 [8]. Based on the classification of countries
presented in the article, Greece ranks eighth among the 27
EU member-states, well above countries such as Sweden,
Austria and Finland. Apart from the five largest economies
(Germany, the UK, France, Italy and Spain), only the Nethe-
rlands and Belgium outranked Greece. Despite all this, the
article is entitled "Greek science on the brink”, in an attempt
to stress that although Greek researchers are doing well,
how many will finally make the jump over the valley of
death? In researcher jargon, "the valley of death” is the
distance -or gap- between a research finding and its
practical application. So, the issue is also to turn research
results into something applicable.

This is the reason why one of the main priorities of the new
Law on higher education is the connection between
Universities (where nearly 80% of research is carried out)
and the market. It is within the same framework that the
Greek Prime Minister invited the Israeli Chairman of the
YOZMA Group to visit Greece. The YOZMA Group is the
evolution of a state project to attract investment capital for
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innovation, which started off in Israel and is now active
worldwide.

What also seems promising is the bill aiming at restructu-
ring the country's research network. According to the final
deliberation document, the fragmentation of research
centres, the inability to utilise infrastructures, inadequate
collaboration among researchers and the existence of
institutes with far too few researchers (over 20 such facilities
have up to 5 researchers), are considered the most serious
weaknesses of our research network.

This evidence suggests that, despite the tragic lack of funds
in our country, Oncology-related research activity is at quite
respectable levels, obviously due to the superhuman efforts
and zeal of Greek researchers.

This effort includes the Hellenic Cooperative Oncology
Group, which is a non-profit research group established in
1990, currently involving 17 Oncology Clinics from the whole
of Greece and Cyprus.

Main goals of the Group are the promotion of clinical and
basic research in Oncology in Greece; improving the training
of physicians or other related scientists; as well as the study
of new cancer treatment methods.

The Group has always been prolific in its research and

Figure 3.

writing endeavours, resulting in the publication of a note-
worthy amount of papers in approved foreign journals.

In the Group's 21 years of existence, a total of 477 papers
have been published in foreign medical media, while the
number of citations for these papers exceeds 6,000 (Figure
2). The overall impact factor of the journals in which said
papers appeared is 1,735 (Figure 3).

This research effort of ours received recognition in Greece,
as our Group was awarded an honorary distinction by the
Academy of Athens, the top scholarly institution of our
country, in December 2002 for its important scientific work
in the fight against cancer; and received an award by the
Hellenic Society of Medical Oncology in March 2009.

Apart from the number of publications, what mainly interests
us is for our papers to be characterised by scientific integrity
and excellent quality data. These are the two elements in
which we pay particular attention and we spare no effort or
expense in our attempt to achieve the best possible results.

These obvious prerequisites that should characterise each
and every research effort appear to no longer be that much
“required” or “obvious”. Instances of result falsification are
becoming increasingly common. Peer pressure on young
researchers for publications, as a requirement for their own
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scientific progress; increasing needs for research project
funding; and the lack of education are but a few of the
reasons for the steep increase of cases of scientific fraud
internationally.

It is my firm belief that measures must be taken in our
country by the political leadership, assisted by the National
Organization for Medicines (NOM) and other bodies of similar
orientation. At the same time, however, all administrative
and scholar leaderships of Academic Institutions must also
assume their responsibilities and immediately crush this
union-like cover-up mentality prevalent over the past years
in Universities, threatening to tear down the last few bastions
of honest, free and truly independent research.

Keeping all this in mind, | consider it a most fortuitous event
that after 2004 the Greek Legislation was harmonised with
the respective European one, pertaining to clinical trials of
drugs intended for use on humans. | must, however,
reiterate that without substantial reinforcement by the NOM
and other regulating bodies, as well as support by the
scientific community, we shall not manage to be successful
in our efforts. If we want to gain and maintain Public Opinion
trust as regards patient participation in clinical trials and
relinquishing biological material for translational research,
we must convince the public that our research activities are
characterised by transparency and integrity.

On the other hand, this European Union Directive, despite its
undoubtedly positive aspects, entails a clear and present
danger: due to the enormous bureaucratic, operational and
financial burden imposed on research sponsors, it is nearly
impossible to conduct trials in Research Institutes, Coope-
rating Groups, Universities, etc., thus rendering research the
exclusive privilege of Pharmaceutical Companies.

This new emerging trend is of great concern to competent
authorities all over Europe. At a recent forum held in
Brussels [9], it was noted that the increasing requirements
by auditing and regulating bodies led to a 30% rise in the cost
of clinical trials between 2005-2007. Consequently, the
number of clinical protocols submitted for approval in the
2007-2010 period in Europe was reduced by 20%. Therefore,
it becomes clear that Europe has ceased being an attractive
venue for conducting clinical research.

At the same time, at the European Union member-state
national level, research appears ineffective, given that
although multicentred-multinational clinical trials (usually
funded by the pharmaceutical industry) amount to only 20%
of the total, they attract 70% of participating patients.
Multicentred trials are not only larger in size, they are also
more effective in terms of patient inclusion, given that
pharmaceutical companies, with their massive financial
resources and tremendous organisation, do not face any
significant problems when conducting clinical trials -
particularly Phase lll. Nonetheless, this abolishes in action
independent academic research, forcing it to be industry-
guided -with all implied implications.

It is not by coincidence or chance that countries such as
Belgium, Ireland or Germany have already amended their
legislation so as to support academic research; at the same
time, a pan-European effort is currently underway aimed at
homogenising procedures through a common European
platform, on the one hand allowing the expediting of
necessary authorisations and on the other further protecting
patients and ensuring the credibility of research results [9].
It is our belief that our country must follow the same path.
From as early as last summer, we have already submitted
pertinent proposals to the NOM and are ready for a pro-
ductive collaboration.

It is a known fact that within a few years technological
advances will allow for personalised prognosis and treat-
ment, as well as for determining the risk factor of healthy
individuals developing cancer or cancer patients relapsing.
The prospects look promising, yet basic research intensi-
fication is required on behalf of the entire scientific coommu-
nity -including our country’s. Of course, all this stipulates that
Basic Research funding increases substantially. However,
allotting approximately 0.5% of the country's GNP for
research, especially when compared to 2.7% for the US, 3.3%
for Japan or the European Union 3% target for the following
years, does not leave much room for optimism at present.
We must all intensify our efforts so as to make the political
leadership realise how tremendously important is to change
the policy in the field in question. It is unthinkable to keep
trailing behind when Research -and consequently Techno-
logy- keeps making leaps forward in the USA and the other
advanced countries.

In conclusion of this short perambulation in the field of
Clinical Research, | should like to make some suggestions
for improving the current situation in this field. My sugge-
stions happen to largely coincide with those of the Hellenic
Society of Medical Oncology for the development of Clinical
Research in our country:

1) A drastic decrease in bureaucracy. Approvals by such
committees as the Regional Health Directorates, Hospital
Boards of Directors, etc., not stipulated by the EU Directive,
are counterproductive and add nothing to the procedure
apart from unacceptable delays. It should be noted that,
since August 2010, considerable progress has been made
in cutting down times required for a clinical trial receiving
approval from the NOM and the National Ethics Committee
-but there is still much room for improvement.

It is already known that the time presently required for a
drug to be approved by the European Medicines Agency
(EMEA] is unacceptably long as compared to the American
FDA. For instance, in the 2003-2010 period, the average time
of approval of new oncology drugs by the EMEA and the FDA
was 350 and 184 days, respectively [10]. Moreover, the time
necessary to develop new anticancer drugs is particularly
long, mainly due to methodological weaknesses and re-
search effort fragmentation. This is mainly the reason why
the European Commission intends to attract funds from the
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Pharmaceutical Industry, in order to create a research
project, the priorities of which shall be defined by the
industry itself. The first steps in that direction include the
initial funding of said project with €2 billion for the years
2008-2017. 50% of the funds shall be made available by the
European Commission and the remaining 50% by the
Pharmaceutical Industry. The aim of this project is to find
ways to shorten and facilitate new drugs development
procedures (what is aptly described as the bottleneck effect),
as well as to implement new methodologies to be jointly
applied by all pharmaceutical companies and timely
describe the necessity for, as well as the safety and effecti-
veness of new drugs before the start of large clinical trials on
patients. As is usually the case, this very promising effort
has numerous supporters and an equal number of critics,
so final assessment will have to be based on its results.

2] A generous increase in national funds for basic and
translational research, to be used for the improvement
of technological infrastructures and the financing of
research projects. It goes without saying that, at least in
Oncology, there can be no serious attempt at clinical
research nowadays without the previous two.

3) The establishment of a National Archive of Neoplasias; it

is a disgrace for Greece to be one of the last 2-3 European
Union countries without one. There can be no proper
National Strategy for cancer without a reliable National
Archive of Neoplasias.

4) As already mentioned, another requirement is the
meaningful support of regulating bodies (such as the
NOM] and the full computerisation of all Health Services,
which is expected to greatly facilitate and improve the
credibility of research in our country.

b) Greece must, at long last, directly link financial support
with productivity. Both material and moral incentives
must be offered in order to attract young scientists to
research.

It is my firm belief that we do have all the necessary, high-
quality scientific personnel; what we lack is the political will
to move forward in this most significant field of Clinical
Research. Our patients need it; our younger colleagues
desire it; and society demands it.

*Professor of Medicine, Director of the Department of
Medical Oncology, Chairman of the Hellenic Cooperative
Oncology Group (HeCOG], Director of the Hellenic
Foundation for Cancer Research (HeFCR)
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ABSTRACT

Background: The purpose of this study was to determine the maximum tolerated doses
(MTDs); the dose limiting toxicities (DLTs); the possible pharmacokinetic (PK] interactions; and
to evaluate the clinical activity of the imatinib plus irinotecan combination in pre-treated patients
with extensive stage SCLC.

Patients & Methods: Patients with refractory/relapsed SCLC were eligible. During the phase |
part of the study, escalated doses of imatinib were administered daily in combination with
irinotecan every 14 days. DLT and pharmacokinetic parameters of both drugs were determined
during the first treatment cycle. During the phase Il part of the study, the determined MTDs of
the drugs were used to treat eligible patients.

Results: During the phase | part of the study (n=11 patients), the MTDs for imatinib and
irinotecan were defined at 400 mg/day and 150 mg/m? every 2 weeks, respectively. Grade 4
neutropenia and treatment delay due to grade 3 neutropenia were the DLTs. PK analysis for
imatinib, irinotecan and their major metabolites revealed no statistically significant drug
interactions. Among the 28 patients treated in the context of the phase Il study, one complete
and two partial responses (overall response rate=8.8%; 95% Cl; 0-18.4%) were observed. c-kit
expression on tumour cells, which was detected by immunohistochemistry in 17 (71%) of the
24 patients with available tissue material, was not correlated with response to treatment. The
median overall survival was 4.8 months (range, 0.8-14.4 months) and the median time to
tumour progression 2.2 months (range, 0.5-10.6 months). Grade 3-4 neutropenia and grade 2-
3 diarrhoea occurred in 10 (29.4%) patients each. There were no episodes of febrile neutropenia
or treatment-related deaths.

Conclusions: The MTDs of the imatinib plus irinotecan combination were 400 mg once daily and
150 mg/m? every 2 weeks, respectively. The regimen has modest antitumour activity even in
patients whose tumours expressing the c-kit receptor. A better understanding of the biology
of the c-kit expression in SCLC and the resistance mechanisms of imatinib is warranted.

Key words: imatinib; irinotecan; phase I-Il; pharmacokinetic; SCLC.

INTRODUCTION

Small-cell lung cancer (SCLC] is one of the
most aggressive and lethal cancers in
humans constituting approximately 15%-25%
of all primary lung cancer cases [1]. Although
standard combination of cytotoxic agents
(etoposide and cisplatin) has shown antitu-
mour activity in 70%-90% of patients with both
limited and extensive stages of SCLC, most
patients present with disease progression
and die from generalized disease [2]. There-

fore, there is an unmet need for additional
effective therapies for these patients.

Imatinib mesylate is a small molecule and a
selective inhibitor of the chimeric Ber-Abl
fusion protein, the platelet-derived growth
factor receptors alpha and beta (PDGFRs) and
the c-kit tyrosine kinase receptor [3]. Imatinib
has shown significant antitumour activity in
patients with chronic myeloid leukaemia
(CML), where the consistent molecular abnor-
mality is the Ber-Abl fusion gene [4]. Imatinib
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produces complete haematological and cytogenetic re-
sponses in 24% and 17% of CML patients in chronic phase,
respectively [5]. Furthermore, imatinib is effective against
relapsed or unresectable gastrointestinal stromal tumours
(GIST]) [6, 7], which harbour activating mutations of the c-kit
tyrosine kinase gene and is currently the treatment of choice
in both the metastatic and adjuvant settings [8-10].

Autocrine and paracrine growth mechanisms are involved in
the proliferation of SCLC tumour cells [11-12]. The study of
the c-kit autocrine loop in SCLC has shown an interaction with
other SCLC autocrine loops and it seems to confer a tumour
survival advantage in SCLC tumour cells [12]. Interestingly, in
vitro treatment of H526 SCLC cells, which express c-kit and
produce stem cell factor (SCF), with inhibitors of c-kit tyrosine
kinase reversed apoptosis resistance to growth factor
deprivation [13]. Furthermore, the activation of c-kit by SCF in
the same cell line led to a hypoxia-induced-factor (HIF)-1a-
mediated enhancement of vascular endothelial growth factor
(VEGF) expression resulting in imatinib-mediated inhibition
of tumour angiogenesis [14]. Previous reports have shown
that about 70% of SCLCs express the c-kit receptor and/or its
ligand SCF [15-18].

Imatinib has been shown to inhibit the proliferation of SCLC
cells in association with the c-kit expression [19]. The
efficacy of single-agent imatinib in SCLC was evaluated in
four phase Il studies which failed to demonstrate objective
tumour regressions [20-23]. However, imatinib may affect
tumour response when combined with traditional cytotoxic
agents by preventing tumour re-growth between the cycles
of treatment [24]; in addition, imatinib may also prevent
resistance to irinotecan by inhibiting the ABCG2 transporter
or increasing topoisomerase | activity [25-27]. Furthermore,
there are potential pharmacokinetic interactions between
imatinib and chemotherapy. Indeed, imatinib is principally
metabolized by CYP3A4 to N-demethyl derivative, whereas
the other cytochrome p450 enzymes are less involved in its
metabolism [28]. Imatinib is also a potent competitive
inhibitor of CYP2C9, CYP2D6, and CYP3A4/5 and its co-
administration with agents that are metabolized by
cytochrome 450 enzymes may result in increased exposure
to imatinib levels [28].

Irinotecan (CPT-11) is a camptothecin derivative with signi-
ficant activity in various types of tumours including small-
cell lung cancer [29-33]. Irinotecan is a pro-drug which is
converted by carboxylesterase enzymes to the more active
metabolite, 7-ethyl-10-hydroxycamptothecin (SN-38); SN-38
is a specific inhibitor of topoisomerase |, resulting in DNA
damage and cell death. SN-38 is conjugated further in the
liver and is then excreted in the bile and urine; in addition,
irinotecan undergoes oxidation mediated by CYP3A4/5 to
various metabolites with different degrees of activity [29-30].
Given that imatinib shares a common metabolic pathway
with irinotecan, combination therapy with these agents may
lead to increased irinotecan or imatinib exposure and
toxicity. In a previous phase | study in patients with untreated

extensive stage SCLC, it was shown that the combination of
imatinib, irinotecan and cisplatin given every 3 weeks, with
granulocyte-colony-stimulating factor support, is feasible
and well-tolerated; however, the pharmacokinetic analysis
revealed that the co-administration of imatinib led to a 36%
decreased clearance of irinotecan, which resulted in an
increased exposure to and toxicity of the drug [24]. In another
phase Il study, the combination of imatinib, irinotecan and
carboplatin in previously untreated patients with extensive
stage SCLC resulted in an objective response rate of 66%;
although 86% of the patients had tumours expressing c-kit,
there was no correlation with treatment efficacy. Moreover,
the regimen was associated with increased toxicity, mainly
neutropenia, nausea, diarrhoea, fatigue and oedema [34].

Since there was no published pharmacokinetic and clinical
data for the combination of imatinib and irinotecan at the
time this study was designed, a phase I-Il study was
conducted in order to determine the maximum tolerated
doses (MTDs), the dose limiting toxicities (DLTs) and the
possible pharmacokinetic interactions of the combination
and to investigate its activity in pre-treated patients with
extensive stage SCLC.

PATIENTS & METHODS

Eligibility criteria

Patients >18 years old with a histologically or cytologically
confirmed SCLC and an Eastern Cooperative Oncology
Group (ECOG) performance score (PS) of 0-2 were eligible.
Patients also had to have relapsed or refractory extensive
disease after at least one prior chemotherapy regimen and
bidimensionally measurable disease (only for those enrolled
in the phase Il part of the study). Disease was considered
refractory for patients who either did not respond to first-line
chemotherapy or responded initially but relapsed within 90
days of completion of their primary therapy [35]. Other
inclusion criteria were: adequate bone marrow (absolute
neutrophil count >1500/dL, haemoglobin >10 g/dL and
platelets >100.000/dL}; renal (serum creatinine <2 mg/ml)
and liver (total bilirubin <1.5 mg/ml; and alanine ami-
notransferase/aspartate aminotransferase <3x upper nor-
mal limit) function; life expectancy of at least 3 months;
absence of severe congestive heart failure or unstable
angina pectoris, active infection, severe malnutrition as well
as absence of any psychological or social condition
potentially hampering compliance with the study protocol.
Prior radiotherapy (to <25% of marrow-containing bones)
was allowed provided that the radiotherapy-free interval
was at least 4 weeks. CNS metastases were allowed
provided that they were clinically stable after radiotherapy.
Prior treatment with imatinib was not allowed. All patients
signed a written informed consent and the study was
approved by the Ethics and Scientific Committees of
participating Institutions as well as by the National Drug
Administration (EOF) of Greece.
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Treatment schedule

During the phase | part of the study, irinotecan (Pfizer, USA]
was administered at the fixed dose of 180 mg/m?as a 90 min
intravenous (iv) infusion on days 1 and 14 every 28 days after
pre-medication with ondansetron and atropine. Imatinib
mesylate [Novartis Pharmaceuticals, Switzerland) was
administered orally every day at escalated doses starting from
400 mg/day in 50 mg/day increments. On the days of
irinotecan administration, imatinib was given 2 2 hours prior
to infusion. No prophylactic administration of growth factors
was allowed. The DLT was assessed during the first cycle of
treatment and was defined as the occurrence of any of the
following: (i) grade 4 neutropenia or thrombocytopenia; (i)
febrile neutropenia; (iii) grade 3/4 non-haematological toxicity;
and (iv] any treatment delay for more than 3 days because of
unresolved toxicity. Dose escalation was discontinued and the
DLT dose level was reached if at least 50% of the patients
treated at that dose level developed a DLT (e.g. at least two of
three, or three of six patients). The doses of the previous to the
DLT dose level were defined as Maximum Tolerated Doses
(MTDs) [imatinib 400 mg/day p.o. and irinotecan 150 mg/m?q
2 weeks], and were used for the subsequent phase Il part of
the study. Treatment was administered until disease pro-
gression, unacceptable toxicity or withdrawal of consent.

Dose modifications

In case of grade 2-4 neutropenia or thrombocytopenia or
febrile neutropenia or grade 3-4 diarrhoea, both drugs were
withheld until toxicity was resolved to <grade 1; treatment
was re-started with CPT-11 and imatinib doses reduced by
20% and 25%, respectively. In case of treatment interruption
because of sustained grade >1 diarrhoea for >14 days, fur-
ther administration of CPT-11 was discontinued. In addition,
in case of re-appearance of grade 3-4 haematological
toxicity upon imatinib re-treatment, the drug was withheld.
No dose reductions were performed for anaemia. In case of
>grade 2 non-haematological toxicity, imatinib was withheld
until the toxicity was resolved to grade <1 and then was
resumed at a dose reduced by 25%; if grade >2 toxicity
recurred again, imatinib was stopped. Granulocyte colony-
stimulating factor in combination with i.v. antibiotics were
used in cases of grade 4 neutropenia and fever >38° C.

Concomitant medication with drugs known to interact with
the same CYP450 isoenzymes were used with caution and
patients were carefully monitored for potentiation of toxicity.
In this context, therapeutic anticoagulation with warfarin was
not allowed and was substituted by low-molecular weight
heparin.

Patient evaluation

Baseline evaluation had to be completed within 7 days
before study registration and included: patient history and
physical examination, complete blood cell count with diffe-
rential and platelet count, serum chemistry, electrocardio-

gram (ECG), chest X-rays, thoracic and abdominal computed
tomography (CT) scans. Additional imaging studies were
performed if indicated. Complete blood cell counts with
differential and platelet counts were performed weekly and
daily until recovery in the case of grade 3/4 neutropenia,
thrombocytopenia or febrile neutropenia. Physical examina-
tion, detailed toxicity questionnaire, complete blood cell
count with differential and platelets and blood chemistry
were performed before each cycle. Disease was assessed
every 2 cycles (2 months) by the same methods used in the
baseline evaluation or earlier in case of clinical evidence of
disease progression. Toxicities were graded according to the
National Cancer Institute (NCI) Common Toxicity Criteria [36]
and evaluation of response was performed according to the
Response Evaluation Criteria in Solid Tumors (RECIST) [37].
All patients receiving at least one cycle of treatment were
evaluable for toxicity and patients with bi-dimensionally
measurable disease receiving at least two cycles were
evaluable for response.

Immunohistochemistry for c-kit expression

Paraffin blocks, of the patients studied, were retrieved from
the archives of the Pathology Department of the University
General Hospital of Heraklion, Crete, Greece. Four pm-thick
tissue sections were stained, after deparaffinisation, with the
polyclonal rabbit anti-Human antibody c-kit (CD 117, DAKO,
Danemark; code no. A4502). Tissue sections were treated
with 0.01 mol/L (pH 6.0) citrate buffer in a microwave oven
three times for 5 min at 500W. Immunohistochemical
staining was carried out manually according to the APAAP
complex technique (DAKO PATTS). Briefly, slides were
treated with normal rabbit serum for 20 min and were
incubated for 60 min at room temperature for the primary
antibody. The working dilution was 1/50 (v/v). After rinsing,
the sections were incubated with rabbit anti-mouse Ig (2259
DAKO) for 30 min and, then, with APAAP mouse MoAb (Dé651;
DAKQ]J for 30 min at room temperature. The same proce-
dure was repeated with a 15 min incubation time. The sub-
strate chromogen used was K699, a Fast-Red system (DAKO
PATTS). Slides were counter-stained with haematoxylin and,
subsequently, were mounted with Glycergel. Positive and
negative controls were used.

For the evaluation of c-kit staining the percentage of stained
cells (< or >10%); the staining pattern (cytoplasmic or
membranous); and the intensity of the stain (0=absent,
I=weak, 2=moderate and 3=strong) were taken into
account. Cases with >10% cells with strong or moderate/
weak membranous staining were considered strongly or
weakly positive, respectively. Cytoplasmic staining was also
observed in all the positive cases. The cases showing cyto-
plasmic but not membrane staining in <10% stained cells
were considered as negative [38-39].

Pharmacokinetic study
Pharmacokinetic analysis was conducted in nine patients
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receiving imatinib (at the dose of 400 mg/day) followed by
irinotecan (at the dose of 150 mg/m?) 2.5 h later. Heparinised
blood samples (5 ml) for imatinib pharmacokinetics were
obtained at the following time points: Oh, 1h, 2h, 3h, 4h, 4.5h,
5h, 6h and 24h. For irinotecan pharmacokinetics, blood
samples (5 ml) were collected into heparinised Vacutainer, at
the following time points: i) before the beginning of CPT-11
infusion; ii) 45 min after the beginning of infusion; iii) at the
end of infusion; iv) at 30 min and 1h, 2h, 4h and 6 h after the
end of CPT-11 infusion. Blood samples were centrifuged
immediately at 1200xg for 10 min and 1 ml aliquots of plasma
were frozen at -70° C until analysis. Plasma concentrations
of imatinib and its main metabolite (CGP74588) were
performed at the Department of Pharmacology (Bordeaux
University Hospital, Bordeaux, France) using the previously
described LC-MS/MS assay [40].

CPT-11 and its metabolite SN-38 levels were determined
using a reverse phase high-performance liquid chroma-
tography (HPLC) method with fluorescence detection as
previously described [41]. Briefly, 250 ul of plasma were
mixed with an internal standard solution (camptothecin) in
acidified acetonitrile to precipitate plasma proteins which
were incubated for 15 min at 40° C. The samples were then
buffered with 0.025 M triethylamine buffer (pH 4.2), centri-
fuged and an aliquot of the supernatant (60 pl) was analyzed
by HPLC. A separate plasma sample (250 pl) was incubated
with b-glucuronidase at 40° C for 30 min before precipitation
and the same procedure was repeated. SN-38G concentra-
tions were estimated as the difference of SN-38 concentra-
tions before and after glucuronidase hydrolysis. Chromato-
graphic conditions involved a Zorbax — C8 column (5 um, 4.6
x 250 mm) (Agilent Technologies Inc., Santa Clara, Ca, USA)
and a mobile phase consisting of a 25:75 (v/v) acetonitri-
le:triethylamine buffer 25 mM (pH 4.2). Fluorescent detection
was monitored at an excitation wavelength of 372 nm and at
emission wavelength of 425 nm and 535 nm for CPT-11 and
SN-38, respectively. CPT-11 and SN-38 were assayed on a
LC-10A/10Avp Shimadzu chromatographic system equip-
ped with an RF-10Axl fluorescence detector and an
SPD-M10Avp ultraviolet detector (Shimadzu Deutschland
GmbH, Duisburg, Germany). CPT-11 and SN-38 were kindly
provided from Pfizer.

All the pharmacokinetic parameters were evaluated by non-
compartmental analysis (WinNonlin™ standard version 2.1,
Pharsight Corp., Palo Alto, CA). The following parameters were
calculated from the plasma concentration-time profiles of
imatinib, irinotecan and their metabolites: time of maximum
observed plasma concentration (tmax), plasma concentration
corresponding to tmax (Cmax), terminal elimination phase
constant (Lambda_z), terminal half-life (ti2 or ti2_Lambda_2), area
under the concentration-time curve from the time of dosing
to the time of the last observation (AUCal) or to infinity (AUCin),
total body clearance (imatinib & CGP74588: CUF; for CPT-11 &
metabolites: Cl) and volume of distribution (imatinib &
CGP74588: V./F; for CPT-11 & metabolites: V).

Statistical analysis

This was a phase I-Il clinical trial. The number of patients
required for the phase | part of the study was dependent on
the encountered toxicity. At least three patients were
enrolled at each dose level. No intra-patient dose escalation
was allowed. If a dose limiting toxicity (DLT) was observed in
one of the first three patients, then three additional patients
were enrolled at the same dose level. The primary endpoint
of the phase Il part of the study was progression-free
survival (PFS); secondary endpoints were response rates,
overall survival and toxicity assessment. Considering an
alpha error of 5% and a power of 80% a total of 35 patients
were required in order to detect a 3-month prolongation of
PFS (from 3 months from historical controls to 6 months).

Analysis was performed on an intent-to-treat basis. Dura-

tion of tumour response was measured from the date of the
first objective response was documented to the first date of

Table 1.
Patient characteristics (n=34).

Frequency %
Median age (years, range) 57 (62-80)
Sex
Male 30 88
Female 4 12
Stage at diagnosis
Limited 15 b
Extended 19 b6
Performance status
0-1 29 85
2 5 15
Line of chemotherapy
nd I 2
>Ind 23 68
Chemotherapy-free interval
>90 days b 18
<90 days 28 82
Prior radiotherapy
Curative 21 62
Palliative 2 6
Disease localization
Lung 21 875
Lymph Nodes 7 292
Liver 6 50
CNS 7 292
Bones 2 83
Other 19 5.6
Organs involved
1 8 235
2 I 323
>3 5 147
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tumour progression or death from any cause. The PFS was
measured from study entry until the day of the first evidence
of disease progression or death and OS from the date of
study entry to death or last contact. The probability of survival
was calculated by the method of Kaplan-Meier [42] and
tested for differences by using the log-rank test. All tests
were two-sided and were considered significant when the
resulting p-value was <0.05.

RESULTS
Patients

From July 2002 to September 2005, 34 patients with pre-
treated SCLC were enrolled onto the study. Twelve and 22
patients were enrolled in the phase | and phase Il parts of
the study, respectively. Patient characteristics are shown in
Table 1. The patients’ median age was 57 years (range, 42-
80), 88% were males (88%) and most of them (85%) had a PS
of 0-1. Nineteen (56%) patients had extended stage disease
and nine (27%) brain metastases. Twenty-three (68%)
patients had received at least 2 prior chemotherapy regi-
mens while 21 (62%) had received prior curative radio-
therapy. The vast majority of patients had either relapsed or
refractory disease, with only 6 (18%) patients receiving
treatment as second-line for platinum-sensitive disease.

Dose-limiting toxicities

Since the MTD was observed at the first dose-level, the dose
of irinotecan was reduced to 150 mg/m?; no further dose
escalation of imatinib was evaluated since the drug was
given at the standard daily dose (400 mg/day p.o.). Table 2
demonstrates the number of patients enrolled at each dose-
level and the observed DLT events which were: grade 4
neutropenia (n=2 patients) and treatment delay due to grade
3 neutropenia (n=2 patients). At the 15 dose-level, three out
of six patients developed DLTs. At the level with reduced
doses one out of six patients developed a dose- limiting
event (grade 4 neutropenia) and, therefore, the starting dose
level was considered as the DLT level and the MTDs, which
correspond to the doses administered in the consecutive
phase Il part of the study were irinotecan 150 mg/m? every
2 weeks and imatinib 400 mg daily.

Tahle 2.

Pharmacokinetics

The pharmacokinetic parameters for imatinib both for the
parent drug and its metabolite determined by non-
compartmental analysis are presented in Table 3. After daily
oral administration of imatinib, the Crmax of both the parent
drug and the CGP74588 slightly changed from 3124.8 and
475.0 ng/ml on day-1 to 2602.4 and 436.8 ng/ml on day-2
(17% and 8% decrease, respectively). The tmax as well as the
ti2 for imatinib and CGP74588 were found to be increased on
day-2 [terminal half-life: 10.5 to 15.2 h for the parent drug,
and 10.3 to 21.2 h for the metabolite); the observed total body
clearance (CUF) of the two compounds was decreased from
day-1 to day-2, but this could not reach statistical
significance. Finally, AUCau and volume of distribution (V2/F)
of both compounds were the same on day-1 and day-2, as
well as the conversion ratio of imatinib to CGP74588 (Table 3).

Table 4 lists the mean values of the pharmacokinetic
parameters for irinotecan and its metabolites SN-38 and
SN-38G. Peak concentrations for CPT-11 and SN-38 were
observed at the end of infusion (tmax=1.81 and 1.64 hours
after the beginning of 90 min infusion); as it was expected,
the tmax for SN-38G was longer (tmax=2.28 h). The plasma
exposure to the active metabolite SN-38 was approximately
3% of the parent drug and for the glucuronide was almost 5-
6 times more (AUC all ratios, Table 4, Figure). The elimi-
nation rate for the metabolites was longer than for the
parent drug as well as the respective values for clearance
(Table 4).

Treatment administration

A total number of 188 chemotherapy cycles were admi-
nistered during the phase Il part of the study with a median
of 4 cycles/patient (range, 1-15). There were 24 (12.8%) cycles
delayed for more than 3 days with a median of 7 days (range,
4-31). Ten (42%) of the delayed cycles were due to
haematological toxicity and 4 (17%) to non-haematological
toxicity; the rest of cycles were delayed for reasons unrelated
to treatment (pending imaging studies for disease
assessment, late admission or personal reasons). For the
28 patients who were included in the phase | and Il parts of
the study receiving the MTD doses, the median dose

Phase | dose levels, number of patients enrolled and DLTs during the first cycle.

Dose level Irinotecan Imatinib
mg/m? mg/day

1 180 400

2 150 400

No. of patients DLT (no. of patients)

b Treatment delay due to grade 3 neutropenia
(n=2), grade 4 neutropenia (n=1]
b Grade 4 neutropenia n=1]
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intensity for irinotecan was 70.3 mg/m?/week (correspon-
ding to 78.1% of the planned protocol dose); similarly, the
median dose intensity for imatinib was 400 mg/day (100% of
the protocol planned dose).

c-kit expression, treatment efficacy and clinical outcome
Tumour tissue from 24 patients was available for the

assessment of c-kit expression and 17 (71%) of them were
characterized as positive. One complete and two partial
responses were achieved in both phase | and Il parts of the
study for an overall response rate of 8.8% (95% Cl; 0-18.4%);
in addition, eight (23.5%) patients had stable disease while
16 (47%) had disease progression. Among the responding
patients, two had strong c-kit receptor expression on their

Table 3.

PK parameters of imatinib and CGP74588.

imatinib day-1 day-2 P

tmax * (] 26(20-60) 38(20-6.0) =
Cmax (ng/ml) 3124816122 2602411270 0.464
Lambda_z /h) 00730025 0.051 £0.043 0.239
1172 (h) 105£32 152£99 0.240
AUCall (ng.h/ml) 13188.1 = 8038.5 12858.6  6425.7 0.929
CUF (L) 8B2+04 109£165 0.220
VzIF (L) 152.1 £91.6 160.6  86.4 0.857
CGP74588 day-1 day-2 P

tmax * (] 36(20-50) 39(20-6.0) =
Cmax (ng/ml) 4750 £ 3049 4368224 0.779
Lambda_z /h) 0.110=0.080 0.060 £ 0.050 0.28
1172 (h) 103£72 212+185 0.159
AUCall (ng.h/ml) 2019813711 2099.7£ 13735 0.909
CUF (L) 1208+ 90.6 61.1+628 0.214
VzIF (L) 1133.1£7986 8544 £329.6 0.464
AUCall ratio ** 153 162 -

* median (range); all unflagged values are: means + SD.

** conversion ratio of imatinib to CGP7£4588 (in %)

Table 4.

PK parameters of CPT-11 and its major metabolites (SN-38 and SN-386).

A CPT-11 SN-38 SN-386
tmax * (h] 181(0.75-35) 1.64(0.75-2.0) 2.28(15-35)
Cmax (ug/ml) 1395.9 + 429.2 39119 1625+ 69.0
Lambda_z (/h) 0.218 = 0.064 0.197 £ 0.088 0.166 0,052
1112 (h) 345094 430+188 467167
AUCall (g h/ml) 5382.6 £ 15463 1423 £57.1 7843+ 4128
AUCinf {pg.h/ml) 7581.1 223253 237+932 1314.0 £ 866.2
CL{LA/m3 0.022 = 0.007 0.869 £ 0.571 0.153£0075
Vz (L/m?) 0.104=0030 4.683+2167 0.924 = 0334
B AUCall ratio (%)

SN-38/CPT-11 26

SN-38G/CPT-11 146

SN-386/SN-38 550.9

A: Day 1. B: AUC ratio [% values) for irinotecan and its metabolites
* median (range); all unflagged values are: means + SD.
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tumour cells; the patient who achieved complete response
had c-kit receptor-expressing tumour and had received
front-line irinotecan plus cisplatin with compete response
and 2" line docetaxel plus gemcitabine with a new complete
response. One of the patients who experienced a partial
response was c-kit positive and had been previously treated
with carboplatin plus etoposide with partial response. The
third partially responding patient had previously received
front-line concurrent radiotherapy and cisplatin/etoposide
followed by paclitaxel plus cisplatin post-radiotherapy; a
partial response and 2" line irinotecan plus gemcitabine
was administered at the time of disease progression with a
new partial response; unfortunately, there was no tumour
sample available for the assessment of c-kit expression for
this patient.

The duration of response for the three responding patients
was 2.8, 3.9 and 4.2 months, respectively. The median time
to progression (TTP) was 2.2 months (range, 1-10.6) while
the median overall survival was 4.8 months (range 0.8-14.4).
The 1-year survival rate was 13.1%.

Toxicity

Table 5 shows the grade 2-4 haematological toxicity
observed in all chemotherapy cycles for both phase | and |l
parts of the study. Four (11.7%) and six (17.6%) patients deve-
loped grade 3 and 4 neutropenia, respectively; in addition,

Figure.

three (8.8%) and one (2.9%) patients experienced grade 2 and
3 thrombocytopenia, respectively, while three (8.8%) patients
grade 2 anaemia. There was no episode of febrile neu-
tropenia or toxic death. Grade 2 and 3 diarrhoea was the
most common non-haematological toxicity occurring in nine
(26.4%) and one (2.9%) patients, respectively. Grade 2 and 3
asthenia was also a common toxicity observed in seven
(20%) and two (5.8%) patients, respectively. Grade 2 nausea
was rarely seen and no other grade 3 or 4 toxicity was
observed. Table 6 shows the grade 2-4 non-haematological
toxicity observed in all chemotherapy cycles for both phase
I 'and Il parts of the study.

DISCUSSION

The current study demonstrates that imatinib mesylate in
combination with irinotecan, has a modest activity in pre-
treated patients with SCLC; in addition the combination was
associated with substantial haematological and non-
haematological toxicity. Indeed, the overall response rate of
8.8% was inferior to that reported in previous phase Il studies
with irinotecan monotherapy in refractory or relapsed SCLC
patients [31-32]. This could probably be attributed to worse
patient characteristics, since the majority (68%) of the
patients enrolled in the current study were heavily pre-
treated and had already received 2 or more chemotherapy
regimens. It is well recognised that SCLC, although

Representative patient plasma concentration versus time for irinotecan and its metabolites.
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Table 5.

Haematological toxicity (WHO grade 2-4) in all cycles by dose level.

Level No of patients Neutropenia Anaemia Thrombocytopenia
Grade 2 Grade 3 Grade 4 Grade 2 Grade 2 Grade 3
n n n n

1 b 2(33.3%) 2(33.3%) 1(16.7%) 1(16.7%) 2(33.3%)

2 28 3(10.7%) 2(7.1%) 5(17.9%) 2(7.1%) 13.6%) 1 (3.6%)

Total 34 5 (14.7%) 4(11.7H) 6(17.6%) 3(8.8%) 3(8.8%) 1 2.9%)

Tahle 6.

Non-haematological toxicity in all cycles by dose level

Level No of patients Nausea Diarrhoea Asthenia Other

Grade 2 Grade 2 Grade 3 Grade2  Grade3 Grade 2

1 b - 2(33.3%) 1(16.1%) 4166.7h)

2 28 3(10.7%) 7 (25%) 13.6%) 7 (25%) 1 3.6%) 4(14.2%)

Total 34 3(8.8%) 9 (26.4%) 129%) 700%  2(8% 8(23.5%)

considered to be a highly chemosensitive disease in the first
line setting, soon becomes chemo-resistant to subsequent
chemotherapy treatment. Furthermore, the required dose
reduction of irinotecan, attributed probably to the toxicity of
the drug combination, may have also contributed to the
limited activity of the regimen.

In our study, tumour material was available from 24 patients
for immunohistochemical analysis, and 17 (71%) among
them were considered positive for c-kit expression, which is
in accordance with previous reports showing that 38-92% of
SCLC cases express the c-kit receptor [11, 15-18, 20, 21, 23].
Two out of three responding patients were positive for c-kit,
while the c-kit status was unknown for the third one. This
observation makes difficult any correlation between the
expression of c-kit and response to imatinib/CPT-11.

The rationale for combining the two agents was based on
the efficacy of imatinib in other c-kit expressing neoplasms
and in preclinical data concerning the effect of imatinib in
SCLC cell lines. Indeed, imatinib has shown astonishing
activity in the treatment of neoplasms in which the targeted
receptor-associated tyrosine kinase is activated by chro-
mosomal translocation (Abl kinase in chronic myeloid
leukaemia) or genomic mutation (c-kit in GIST) [4, 43-44].
However, the efficacy of imatinib, when the c-kit receptor is
present but its activation status is unknown, remains
questionable. In previous phase Il studies, imatinib given as
single agent failed to show any activity both in patients with
chemo-naive or sensitive relapse [21, 23] and resistant
recurrent and refractory [22] SCLC. This observation may be
due to the fact that c-kit is not essential for the survival and

growth of SCLC tumour cells. Alternatively, we cannot
exclude that the time elapsed from the initial diagnosis and
the storage conditions, may account for the immuno-
histochemistry results. Indeed, it has been reported that up
to 50% of SCLC cases that were c-kit positive at diagnosis
were found to be c-kit negative in the post-chemotherapy
tumour specimen [45].

Preclinical data support a possible synergistic effect of the
combination of imatinib with camptothecins [25]. This
hypothesis could not be supported from the data of the
current study. On the contrary, an unexpected unfavourable
toxicity profile was observed during the phase | part of the
study requiring a dose de-escalation of the irinotecan from
180 mg/m? which is the dose used in biweekly chemothe-
rapy regimens [46]. Based on this observation, further
escalation of the imatinib dose in combination with the
reduced dose of irinotecan was not attempted for safety
reasons. Instead, it was decided to proceed with the phase Il
part of the study using the already established MTDs for the
combination. Therefore, the scheduled escalation of the
imatinib dose was not really performed in the present study
and, therefore, it remains unknown whether that could have
led to a more active regimen.

In a previous phase | study of the combination of imatinib
with cisplatin and irinotecan in patients with SCLC [24], the
chronic exposure to imatinib led to an increased half-life and
AUC of irinotecan perhaps due to inhibition of the CYP3A4
oxidative pathway of irinotecan by imatinib; this pharma-
cokinetic interaction was associated with an increased inci-
dence of neutropenia and diarrhoea. Furthermore, increased
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neutropenia, nausea, diarrhoea, fatigue and dyspnoea were
also reported when imatinib was given in combination with
irinotecan and carboplatin [34]. In our study, neutropenia was
the DLT and the most frequent haematological toxicity, while
diarrhoea and asthenia were the most frequent non-
haematological toxicities. However, the pharmacokinetic
data reported in the current study, did not reveal any
significant interaction between imatinib and irinotecan since
all studied PK parameters for imatinib and its major
metabolite were unchanged between day-1 and day-2 (Table
3); conversely, PK levels of CPT-11 as well as of its
metabolites (Table 4) were found to be in accordance with
other published reports [47-48]. Additionally, the metabolic
ratios of product to substrate (Table 4) are in agreement with
already published data [41, 49]. Nevertheless sampling for
irinotecan (i.e. before imatinib administration during cycles 2
and 3) would have given more data to assess for possible
PK interactions, as already has been reported by Johnson et
al. [24]. Considering the importance of PK levels of CGP74588
in a study examining possible interactions of imatinib with
other co-administered drugs [50], a noticeable day-1 to day-
2 difference for CGP74588 but also for the parent drug, was
determined regarding the elimination time and clearance,
but these changes were not statistically significant (Table 3).
Another interesting finding for imatinib came from the fact
that the Cmax of both the parent drug and the CGP74588 were
found to be lower on day-2 than on day-1in 2 and 3 patients,
respectively (data not shown); however, the two mean
values were not significantly different (p=0.464 and 0.779,
respectively). Moreover, the AUCat mean values seemed to

be equal on day-1 and day-2 (Table 5). Limitations associated
with the number of patients or/and the sampling time (up to
6 hours after drug administration) could also account for the
failure to demonstrate statistically significant differences.
Finally, the conversion ratio of imatinib to CGP74588 as well
as the mean ratio of imatinib and its metabolite's concentra-
tions are in accordance with other reports (15-17%) [50-51].

To our knowledge, this is the first study published to date
evaluating the imatinib plus irinotecan combination in SCLC
patients. Like previous reports of imatinib alone or in
combination with other cytotoxic agents, this study also failed
to show adequate efficacy for the experimental combination.
The regimen was associated with an unfavourable toxicity
profile, probably due to an increased exposure to irinotecan
and its active metabolites when given in combination with
imatinib; although our PK data does not clearly indicate a
drug-to-drug interaction we cannot exclude an interaction
since both agents share the same metabolic pathways. The
addition of haematopoietic growth factor support could allow
the tolerance of higher doses of imatinib and irinotecan.
However, given the lack of activating mutations in c-kit
positive SCLC [52-53], the role of imatinib in the treatment of
SCLC is probably limited. Therefore, based on the results of
the present study as well as those of the literature, we do
not recommend any further study of the imatinib and
irinotecan combination in SCLC.
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ABSTRACT

Background: Concomitant and adjuvant chemoradiotherapy with Temozolomide (TMZ) has
become the standard treatment for newly diagnosed Glioblastoma Multiforme (GBM). The aim
of this retrospective trial is to assess the survival benefit of radical treatment given to patients
with GBM treated at our centre and to assess various prognostic factors with emphasis on the
value of addition of TMZ to patients who had biopsy alone.

Patients & Methods: We retrospectively analyzed the medical records of seventy three patients
with pathologically proven GBM included in this analysis. 49 patients underwent surgical
debulking, while 24 patients were only biopsied; 37 patients received postoperative
radiotherapy, while 36 patients received concurrent chemoradiotherapy and adjuvant
chemotherapy.

Results: Patients who underwent debulking and received adjuvant CRT had longer median
overall survival of 19.8 months (95% Cl, 13.9-25.7) versus 9 months (95% Cl, 7.8-10.2) for those
who underwent just biopsy and also received adjuvant CRT (p=0.001). The survival of those
treated with biopsy and concurrent CRT was not statistically significant when compared to
those who had debulking or biopsy with radiotherapy (p>0.05). In the multivariate analysis,
age, sex, extent of surgery, and adjuvant treatment were statistically significant factors in
predicting prognosis.

Conclusion: Offering radical concomitant chemoradiotherapy to patients with GBM who only
had biopsy should be thoroughly discussed as its benefit is very small -if any. A prospective
randomized trial is recommended to define the benefit of said approach for this group of
patients.

Key words: glioblastoma multiforme; chemoradiotherapy; surgery.

INTRODUCTION

Primary tumors of the central nervous system
are classified according to the World Health
Organization (WHO) guidelines, which were
updated in 2007 [1]. Glioblastoma Multiforme
WHO grade IV (GBM] is one of the most
aggressive human malignant diseases and
the most frequent primary tumor of the central
nervous system with an incidence of 4-5 per
100,000 inhabitants per year in industrialized
countries like Europe and the US [2].

time [4]. The role of chemotherapy based on
alkylating agents had been controversial until
the results of trial EORTC 26981 came out. The
results showed that Temozolomide (TMZ]
provided a statistically significant and clinically
meaningful survival benefit, producing an
increase in the median survival time from
12.1 to 14.6 months and in the two-year survi-
val rate from 10 to 26% [5].

Recently, concomitant and adjuvant chemora-
diotherapy (CRT) with TMZ has become the
standard treatment for newly diagnosed glio-
blastoma. Despite multimodal aggressive
treatment, the median survival time after dia-
gnosis is still in the range of just 12 months [6].

Despite the progress recorded in the identifi-
cation of these tumors’ complex biology, pro-
gnosis has not improved substantially over

the past three decades [3].

Postoperative radiotherapy (RT) has been re-
cognized as standard GBM therapy for a long

Even when receiving the same treatments,
the clinical outcome of patients with GBM
varies significantly. It is important for us to
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Tahle 1.

Patient characteristics.
Patient characteristics N A
73 100
Gender
Male 48 65.5%
Female 25 34.2%
WHO PS 0 11 15.1%
1 57 78.1%
2 B 6.8%
Extent of surgery
Debulking 49 67.1%
biopsy 24 32.9%
Adjuvant treatment
RT 36 49.3%
CRT 37 50.7%

PS=performance status

understand the factors that contribute positively or negatively
to the prognosis of patients, which may guide treatment
paradigms and therapeutic strategies aimed at prolonging
survival [7].

Several clinical and therapeutic factors as well as tumor
characteristics have been reported as significant to survival.
A more efficient determination of the prognostic factors is
required to optimize individual therapeutic management [8].

The aim of this retrospective trial is to evaluate the outcome
of patients with GBM treated with radical intent at our center
and assess various prognostic factors with emphasis in the
value of adding TMZ to patients who had biopsy alone.

PATIENTS & METHODS

We retrospectively examined the medical records of all pa-
tients with GBM treated with radical intent at the Northam-
pton Oncology Centre, Northampton General Hospital between
January 2005 and December 2010.

Data collected included age, sex, performance status (PS),
treatment details and patient outcome.

Seventy three patients with pathologically proven GBM were
included in this analysis; 49 patients underwent surgical
debulking, while 24 patients were only biopsied. 37 patients
received postoperative radiotherapy alone, while 36 patients
received concurrent chemoradiotherapy and adjuvant
chemotherapy.

Treatment

Radiotherapy consisted of localized fractionated radiotherapy
for a total dose of 60 Gy (2 Gy per fraction once daily, five days
per week) over a period of 6 weeks. Radiotherapy was
delivered to planning target volume that was grown from a

2.5cm gross tumor volume. Radiotherapy was planned on
a conformal three-dimensional planning system. Treatment
was delivered using a 6 MV Linear accelerator.

Concomitant chemotherapy consisted of Temozolomide at a
dose of 75 mg/m? given daily from the first until the last day
of radiotherapy. Adjuvant chemotherapy started 4-6 weeks
after the end of the concurrent course. Patients received up
to six cycles of adjuvant Temozolomide 200 mg/m? for 5
days, to be repeated every 28 days.

Follow-up

The baseline examination included Magnetic Resonance
Imaging (MRI), full blood counts, blood chemistry tests as
well as physical examination.

Patients were reviewed weekly during radiotherapy and in
every cycle during the adjuvant chemotherapy period. An MRI
scan was performed after 2, 4 & 6 cycles of the adjuvant TMZ.

Statistical methods

Mean, median, standard deviation and frequency were used
to describe data. Life tables, log rank test, Cox regression
and hazard ratio were used to test the effect of different risk
factors on survival. Tests were run on an IBM compatible PC
using an SPSS for windows statistical package version 17
(SPSS Inc., Chicago, IL).

RESULTS

This study is a retrospective analysis of 73 patients. Patient
and tumor characteristics are presented in Table 1.

The mean received radiotherapy dose was 49 Gy (range 10-
60 Gy, +SD 11.8), the mean number of fractions was 24.5
(range 5-30, £SD 5.9). The mean time between patient seen
and start radiotherapy was 24 days (range 5-61, £SD 8.98).
There was no significant difference between those who has
been treated within three weeks from diagnosis or more (35
versus 38 patients; p=0.29).

The mean and median overall survival time (OS) for all
patients was 12.4 months (range 1.73-43, +SD 8.2) and 8.2
months (95% Cl, 4.5-12.7), respectively. The best median
overall survival (OS] for patients with PS 0 was 14 months
(95% Cl, 5-23.2), but the worst was for patients with PS 2 (4
months, 95% Cl, 1.5-6.5) (p=0.03), while patients with PS 1
had a median overall survival of 10.8 months (95% ClI, 7.52-
14.07). It is to be noted that the number of patients with PS 0
or 2 was small (11 and 5, respectively).

Patients who underwent debulking surgery had a median
0S of 13 months (95% CI, 9.5-16) versus 7.7 months (95% Cl,
3.8-11.6) for those who underwent biopsy alone (p=0.02)
(Figure 1). For patients treated with adjuvant RT, the median
0S was 6.4 months (95% Cl, 3.4-9.4), as compared to 145
months (95% Cl, 9.5-19.4) for those treated with adjuvant CRT
(p=0.001) (Figure 2).
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Patients who underwent debulking and received adjuvant
CRT had longer median overall survival of 19.8 months (95%
Cl, 13.9-25.7) versus 9 months (95% Cl, 7.8-10.2) for those
who underwent biopsy alone and also received adjuvant
CRT, whereas patients who underwent debulking and
received adjuvant RT alone had a median overall survival of
7.6 months (95% Cl, 4.18-11.9) versus 5 months (95% CI, 3.39-
6.80) for those who underwent just biopsy and received also
adjuvant RT alone (Figure 3).

There was a statistically significant difference in median 0S
between patients who underwent debulking and received
CRT (19.8 months, 95% ClI, 13.9-25.7) versus those with
debulking and RT only (7.6 months, 95% Cl, 4.18-11.9)
(p=0.001).

As regards the role of adjuvant chemotherapy in relation to
biopsy, a non-significant difference in survival was found
between patients who had biopsy and adjuvant CRT (9
months, 95% Cl, 7.8-10.2) as compared to those who only
had biopsy plus radiotherapy (5 months, 95% Cl, 3.39-6.80)
(p=0.13) or debulking and radiotherapy only (7.6 months, 95%
Cl, 4.18-11.9) (p=0.24).

Univariate analysis revealed that age (p=0.002); extent of
resection (p=0.02); and adjuvant treatment (in favor of CRT)
(p=0.001) were statistically significant factors (Table 2).

In the multivariate analysis, age, sex, extent of resection, and

Tahle 2.

Univariate analysis of factors predicting survival.

Model Regression coefficient Wald x2
1. Age 037 9.14
2. Sex 037 177
3.PS 0.54 301
4. Extent of resection 0.64 5.65
5. Adjuvant treatment 088 11.73

Cl=confidence interval; x’= Chi-square

Tahle 3.

Multivariate analysis of factors predicting survival.

Partial regression coefficient Wald x2
Sex -0.64 458
Adjuvant treatment 0.89 11.13
Extent of resection 0.79 712
Age 030 6.5

*The hazard ratio was calculated for values between brackets.
Cl=confidence interval, x’=Chi-square

adjuvant treatment were statistically significant predicting
factors in prognosis, where poorer prognosis was associated
with greater age (p=0.01); male sex (p=0.03); extent of
surgery (biopsy worse than debulking, p=0.007); and adjuvant
treatment (adjuvant RT worse than adjuvant CRT, p=0.001)
(Table 3).

DISCUSSION

Glioblastoma Multiforme is the most devastating primary
brain tumor with dismal prognosis and furthermore is one
of the most expensive cancers to be treated [9].

In our study, analysis of prognostic factors was performed
regarding age, sex, performance status, extent of surgery,
adjuvant treatment, radiotherapy dose and number of RT
fractions, where age, sex, extent of surgery and adjuvant
treatment (in favor of CRT) were found to affect survival
significantly.

Nearly all trials showed a significant negative relationship
between advancing age and postoperative survival [10, 11].
Similarly, we observed poorer prognosis with greater age
in both univariate and multivariate analysis.

Many trials state that performance status had been one of

the most well-documented predictors of survival [7, 12, 13].
However, in our results performance status was very near

P value *Hazard ratio (957% CI) of hazard ratio
0.002 145 (1.14-1.84)
02 0.69 (041-1.18)
0.08 172 (1.197-3.768
0.02 189 (112-3.19)
0.001 242 (1.46-401)
P value *Hazard ratio (957 Cl) of hazard ratio
003 0529 (0.295-0.948)
0.001 2403 (1.436-4.023)
0.007 2198 (1.237-3.904)
0.01 1.354 (1.073-1.709)
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Figure 1.

Effect of extent of surgery on survival.
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to statistical significance levels (p=0.08). This may be
explained by the fact that most of our patients had a good
PS (57 patients with PS 1; 11 patients with PS 0; and only 5
patients with PS 2) and that they were unevenly distributed
among the 3 available categories with accumulation of most
patients in PS 1.

Debulking surgery can relieve patient symptoms and pro-
vides conclusive pathological diagnosis. Our results demon-
strated statistically significant benefit in patients who under-
went debulking surgery versus biopsy in both univariate and
multivariate analysis. This finding was in accordance with
previous results [14, 15].

In patients with GBM that were either unfit for or declined
radiotherapy, management with best supportive care after
biopsy resulted in a median survival time of 3 months
versus 6-7 months, a median survival in a historical series
of radiotherapy. This analysis included 26 patients treated
between 1998 and 2003 [16].

Over the past several years, therapeutic strategy in the
treatment of glioblastoma has changed and survival was
increased by concomitant chemoradiotherapy with Temozo-
lomide. Temozolomide (TMZ) has been shown to provide a

statistically significant and clinically meaningful survival benefit,
producing an increase in the median survivaltime from 12.1 to
14.6 months and in the two-year survival rate from 10% to 26%
[5]. Several studies confirmed the influence of concomitant
chemoradiotherapy with Temozolomide [7, 17, 18, 19].

Our study demonstrated statistically significant better
survival for patients treated with adjuvant chemoradio-
therapy; 14.5 months (95% CI, 9.5-19.4) versus 6.4 months
for those treated with adjuvant radiotherapy alone (95% Cl,
3.4-9.4), p=0.001.

Another important observation is that patients who
underwent debulking and postoperative chemoradiotherapy
had a longer median overall survival of 19.8 months (95% Cl,
13.9-25.7), versus 9 months (95% Cl, 7.8-10.2) for those who
underwent biopsy alone and also received adjuvant
chemoradiotherapy.

There was a statistically significant difference in median 0S
between patients who underwent debulking and received
CRT (19.8 months, 95% CI, 13.9-25.7) versus those with
debulking and RT alone (7.6 months, 95% Cl, 4.18-11.9)
(p=0.001). The lower survival of patients who received
adjuvant radiotherapy alone may be due to the selection bias
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Figure 2.
Effect of adjuvant RT VS adjuvant CRT with TMZ on survival.
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Figure 3.

Effect of Temozolomide and extent of surgery.
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of patients who were chosen on the basis of poor PS, which
negatively affected survival.

As regards the role of adjuvant chemotherapy in relation to
biopsy, non-significant difference in survival was found
between patients who had biopsy and adjuvant CRT (9
months, 95% Cl, 7.8-10.2) and those who had biopsy plus
radiotherapy alone (5 months, 95% Cl, 3.39-6.80) (p=0.13),
meaning that CRT did not affect survival in patients who had
biopsy alone, and which may give a satisfactory answer to
our question.

The important finding is that, unless patients have optimal
debulking followed by concurrent chemoradiotherapy, their
survival will remain poor and that inadequate surgery cannot
be compensated simply by adding Temozolomide.

The same finding was demonstrated by a previous study
conducted by Stupp et al. who reported unfavorable median
survival of 5 months as historical data for patients who
underwent biopsy alone and received postoperative chemo-
radiotherapy with Temozolomide [20]. Another large trial
conducted by the European Organization for Research and
Treatment of Cancer/National Cancer Institute of Canada
(EORTC/NCIC) with 573 patients included 16% with biopsy
alone. The median survival was 7.9 months after radiotherapy
alone and 9.4 months after radiotherapy plus Temozolomide.
The difference was not statistically significant [5]. In addition, it
was reported by Combs et al. that median survival for those
patients who had biopsy alone and received postoperative

chemoradiotherapy with Temozolomide was 10 months [21].
Furthermore, it was confirmed that the most important
prognostic factors were type of surgery and application of
adjuvant Temozolomide for at least 4 cycles [22].

Since GBM is characterized by vascular proliferation and
produces high levels of vascular endothelial growth factor
(VEGF), attempts to better control the disease with targeted
anti-angiogenesis therapies are currently underway.
Seventy five patients with newly diagnosed glioblastoma
were enrolled on this phase Il trial that investigated the
addition of Bevacizumab to standard radiation therapy and
daily Temozolomide followed by the addition of Bevacizumab
and Irinotecan to adjuvant Temozolomide. The median
overall survival was 21.2 months (95% Cl, 17.2-25.4), and the
median progression-free survival was 14.2 months (95% Cl,
12-16). Results from phase lll trials are required before the
role of Bevacizumab for newly diagnosed glioblastoma is
established [23].

CONCLUSION

Despite the limitations of this retrospective study, offering
radical concomitant CRT for patients with GBM who only had
biopsy should be thoroughly discussed as it does not seem
to produce significant survival benefit. More prospective
randomized trials are needed to define the benefit of adjuvant
CRT in this group of patients.

REFERENCES

1. Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, editors. WHO classification of
tumours of the central nervous system. 2007; Lyon, France: IARC.

2. Eoli M, Menghi F, Bruzzone MG, et al. Methylation of 06-methylguanine DNA
methyltransferase and loss of heterozigosity on 19q and/or 17p are overlap-
ping features of secondary glioblastomas with prolonged survival. Clin Can-
cer Res 2007, 13:2606-13.

3. Radulescu Razvan lon. The need to achieve a multimodal therapeutical approach
in glioblastorna. Romanian Journal of Neurology 2011; volume X, No. 3:113-6.

L. Laperriere N, Zuraw L, Cairncross G. Radiotherapy for newly diagnosed ma-
lignant glioma in adults: a systematic review. Radiother Oncol 2002; 64:259-73

5. Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, Taphoorn MJ, et al.
Radiotherapy plus concomitant and adjuvant temozolomide for glioblastoma.
N Engl J Med 2005; 352:987-96.

6. Krex D, Klink B, Hartmann C, von Deimling A, Pietsch T, Simon M, Sabel M,
Steinbach JP, Heese 0, Reifenberger G, Weller M, Schackert G. Long-term
survival with glioblastoma multiforme. Brain 2007; 130(10):2596-606.

1. Li SW, Qiu XG, Chen BS, Zhang W, Ren H, Wang ZC, Jiang T. Prognostic fac-
tors influencing clinical outcomes of glioblastoma multiforme. Chin Med J
(Engl) 2009 Jun 5; 122(11):1245-9

8. Mineo JF, Bordron A, Baroncini M, Ramirez C, Maurage CA, Blond S, Dam-Hieu
P. Prognosis factors of survival time in patients with glioblastorna multiforme:
amultivariate analysis of 340 patients. Acta Neurochirurgica 2007; 149(3):245-253

9. Tang Y, Shah K, Messerli SM, Synder E, et al. In vivo tracking of neural progeni-
tor cell migration to glioblastomas. Hum Gene Ther 2003 Sep 1; 14(13):1247-54.

10. Kleinschmidt-De Masters B. The burden of radiation-induced central nervous
system tumors: a single institution’s experience. J Neuropathol Exp Neurol
2006; 65:204-216.

1. Korshunov A, Sycheva R, Golanov A. The prognostic relevance of molecular
alterations in glioblastomas for patients age < 50 years. Cancer 2005 Aug 15;
104(4):825-832.

12. Fazeny-Dorner B, Wenzel C, Veitl M, Piribauer M, Rossler K, Dieckmann K, et
al. Survival and prognostic factors of patients with unresectable glioblastoma
multiforme. Anticancer Drugs 2003; 14:305-312.

13.Piroth MD, Gagel B, Pinkawa M, Stanzel S, Asadpour B, Eble MJ. Postopera-
tive radiotherapy of glioblastoma multiforme: analysis and critical asses-
sment of different treatment strategies and predictive factors. Strahlenther On-
kol 2007; 183:695-702.

1k Lacroix M, Abi-Said D, Fourney DR, et al. A multivariate analysis of 416 pa-
tients with glioblastoma multiforme: prognosis, extent of resection, and sur-
vival. J Neurosurg 2001; 95:190-8.

15.Sanai N, Berger MS. Glioma extend of resection and its impact on patient out-
come. Neurosurgery 2008; 62:753-66.

16. Prestwich RJ, Sivapalasunrtharam A, Johnston C, et al. Survival in high-
grade glioma: a study of survival in patients unfit for or declining radiotherapy.
Clin Oncol (R Coll Radiol] 2005; 17:133-137

17. Stupp R, Hegi M, van der Bent MJ, et al. Changing paradigms - an update on the
multidisciplinary management of malignant glioma. Oncologist 2006; 11:165-80.

18. Stupp R, Hegi M, Mason W, et al. Effects of radiotherapy with concomitant and
adjuvant temozolomide versus radiotherapy alone on survival in gliobla-
stomain a randomized phase Ill study: 5-year analysis of the EORTC-NCIC trial.
Lancet 2009; 10(5):459-66.

19.Clarke J L, Iwamoto FM, Sul J, et al. Randomized phase |l trial of chemora-
diotherapy followed by either dose-dense or metronomic temozolomide for
newly diagnosed glioblastoma. J Clin Oncol 2009; 27(23):3861-3867.

June 2012



34 / FCO/Chemoradiotherapy in Glioblastoma Multiforme

20.Stupp R, Dietrich PY, Ostermann Kraljevic S, et al. Promising survival for pa-
tients with newly diagnosed glioblastoma multiforme treated with concomi-
tant radiation plus temozolomide followed by adjuvant temozolomide. J Clin
Oncol 2002; 20:1375-1382.

21. Combs SE, Gutwein S, Schulz-Ertner D, et al. Temozolomide combined with
irradiation as postoperative treatment of primary glioblastoma multiforme.
Strahlenther Onkol 2005; 181:372-377.

22.Erpolate OP, Akmansu M, Goksel F, et al. Outcome of newly diagnosed glio-
blastoma patients treated by radiotherapy plus concomitant and adjuvant Te-
mozolomide: long term analysis. Tumori 2009; 95(2):191-7.

23.Vredenburgh J, Desjardins A, Reardon D, et al. The addition of bevacizumab
to standard radiation therapy and temozolomide followed by bevacizumab, te-
mozolomide and irinotecan for newly diagnosed glioblastoma. Clinical Can-
cer Research 2011; 17(12):4119-24.

FORUM of CLINICAL ONCOLOGY



Original Research / 35

Testicular cancer: The experience of the 2™
Oncology Department of Metropolitan Hospital and
a brief review of the literature

Eleni Aravantinou-Fatorou, Dimosthenis V. Skarlos, Georgios Klouvas, Eleni Galani, Christos Christodoulou

2" Oncology Department, ~ ABSTRACT

Metropolitaln Hospital.  Background: Testicular cancer (TC) is the most common malignancy in males throughout
Neo Faliro, Greece  thejr second and third decade of life. TC is considered as a highly curable cancer. Since 1960
numerous chemotherapeutic regiments have been studied for their effectiveness and toxicity

Correspondence:  on different stages of male germ cell tumor. Accordingly, the aim of this study is to present the
Christos Christodoulou,  experience of the Second Oncology Department of Metropolitan Hospital, to briefly review the
2 Oncology Department,  history of TC therapy and to remind the current recommended treatment approach.

Metropolitan Hospifal,  patients & Methods: We retrospectively reviewed the data from a non-selected population of

Ethnarhou Makariou & EL Venizelou 1, g4 men diagnosed with TC from 2000 until 2011. Twenty-seven patients with seminoma and
18547 Neo Faliro, Greece, - fifty_nine patients with non-seminoma were included in this study. We evaluated patients

Tel.: +30 210 4809663-4, according to the well-known TNM system and to IGCCCG risk factors. The patients were treated

Fax. +302104809%%2, 35 ysual according to the everyday practice of our clinic. None of them had received prior
e-mail: c_christodoulou@yahoo.gr chemotherapy.

Results: No unexpected toxicities were observed. Most of the treatment-related adverse events
were of grade | or Il and generally reversible. The most common adverse reactions of patients
under treatment, who had received two cycles of carboplatin 6AUC, were gastrointestinal
symptoms (nausea/vomiting), hiccups and fatigue. Nausea, vomiting and alopecia were most
frequent in the group of patients with non-seminoma who were treated with bleomycin,
etoposide and cisplatin (BEP). One male with low risk advanced non-seminoma died due to
lung and hematological toxicity. All others are still alive.

Conclusions: The treatment of TC is a story of success in oncology. The vast majority of patients
are being cured. Nevertheless, treatment toxicities remain a problem that doctors still need to
overcome. There is a necessity, especially for patients with poor risk metastatic non-
seminoma, to specify the responsible molecular mechanism and to invent effective drugs.
Our improved understanding of the biology and molecular mechanisms of TC will lead to novel,
less toxic therapies.

Key words: testicular cancer; seminoma; non-seminoma; bleomycin; etoposide; cisplatin.

Acronyms
1C: Testicular Cancer BHCG:  B-Human Chorionic Gonadotrophin
BEP.  Bleomycin-Etoposide-Cisplatin RECIST. Response Evaluation Criteria in Solid
CARBO: Carboplatin Tumors
IBEP: Ifosfamide-Bleomycin-Etoposide- PFS:  Progression Free Survival
Cisplatin 0S: Overall Survival
M-VIP:  Methotrexate-Etoposide-Ifosfamide- IGCCCG: International Germ Cell Cancer
Cisplatin Collaborative Group
aFP.  o-Fetoprotein NCCN:  National Comprehensive Cancer Network
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INTRODUCTION

Regardless of the fact that testicular cancer (TC) accounts for
only 1% of all cancers in males, it is the most common
malignancy throughout the second and third decade of
men'’s life [1, 2]. The incidence of non-seminomatous tumor
is higher in men between 15-35 years old, but the occurrence
of seminoma is presenting a decade later [3]. Over the past
thirty years, the frequency of TC has increased, especially in
industrialized countries of Europe, North America and
Australia [1]. Fortunately, TC is considered as a highly curable
malignancy after the addition of cisplatin in the therapeutic
regimen [4]. Indeed, the relative survival rate 5 and 10 years
after diagnosis of the malignancy is more than 97% [5].

TC is not so common in the black race in comparison with
the Caucasian race [3]. Furthermore, within the same race
TC shows different incidence between various countries. For
instance, the incidence in Scandinavian countries is higher
than in the Mediterranean [3, 6]. This observation suggests
a genetic background for the tumor, which is still unknown.
As a matter of fact, brothers of patients with TC have a 6 to10
times higher possibility to develop germ cell tumor [7].
Certain environmental and epidemiological factors such as
cryptorchidism; low birth weight; exposure of the mother to
exogenous estrogen during pregnancy; increased body
weight of the mother; testicular cancer in first-grade
relatives; and contralateral tumor have been accused as risk
factors for germ line tumor in men [6, 8]. On the other hand,
acne in puberty seems to protect men against TC [8].

During the past 50 years TC has changed from a fatal
disease to a highly curable one. New chemotherapeutic
agents and novel drug combinations have been established
to act effectively. But still, the problem of toxicity remains a
main issue. That is the reason why it is necessary for
oncologists to be aware of expected toxicities.

Nowadays, the therapeutic approach of TC is a model of
multidisciplinary care; this includes surgery, chemotherapy
and radiotherapy. The aim of this study is to present our
experience regarding the safety and effectiveness of various
chemotherapeutic combinations.

PATIENTS & METHODS

We retrospectively reviewed data from a non-selected
population of 86 men histologically diagnosed with TC from
2000 until 2011. The patients were classified into groups
according to the TNM staging system, and clinically
independent adverse factors, as presented in Table 1 [29].
The patients were treated as applicable in the everyday
practice of our department. It is important to notice that the
therapeutic directions have changed over the past 20 years.
Therefore, our patients of the same TC stage received
different regimens. All patients in this study received
adjuvant treatment for stage | seminoma and non-
seminoma or 15t line treatment for metastatic TC. None of
them had received prior chemotherapy. We noticed

Tahle 1.

Prognostic-based staging system for metastatic TC
according to IGCCCG criteria [6].

Good prognosis group
Non-seminoma (56% of cases) Al of the following criteria:
5-yr PFS 89% Testis/retroperitoneal primary

5-yr survival 92% Pulmonary visceral metastases
AFP <1000 ng/ml

hCG <5000 U/ {1000ng/ml)
LDH<15x ULN

All of the following criteria:

Any primary site

Pulmonary visceral metastases
Normal AFP

Any hCG

Any LDH

Intermediate prognosis group
Non-seminoma (28% of cases)
5-yr PES 75%

5-yr survival 80%

Seminoma (90% of cases)
5-yr PFS 82%
5-yr survival 86%

All of the following criteria:
Testis/retroperitoneal primary
Pulmonary visceral metastases
AFP 1000-10,000 ng/ml, or

hCG 5000-50,000 [U/L, or

LDH 1.5-10x ULN

Any of the following criteria:
Any primary site
Non-pulmonary visceral metastases
Normal AFP

Any hCG

Seminoma (10% of cases)
5-yr PES 67%
5-yr survival 72%

Poor prognosis group
Non-seminoma (16% of cases)
5-yr PFS 41%

5-yr survival 48%

Any of the following criteria:
Mediastinal primary
Non-pulmonary visceral metastases
AFP >10,000 ng/ml, or

hCG >50,000 1U/L (10,000 ng/ml), or
LDH >10x ULN

Seminoma

No patients classified as poor prognosis

Abbreviations: PFS=progression free survival, AFP=a-fetoprotein;
hCG=human chorionic gonadotraphin; LDH=lactate dehydrogenase;
ULN=upper limit of normal range.

recurrences in some of them but do not further investigate
salvage therapy in this study.

Staging included abdomen CT scan, chest X-ray, renal clear-
ance measurement, liver function tests and measurement
of serum a-fetoprotein (aFP) and B-human chorionic
gonadotrophin (BHCG]) levels. Radiographic response and
serum tumor markers were evaluated as indicated. Res-
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ponse was assessed using Response Evaluation Criteria in
Solid Tumors (RECIST). Adverse events were graded using
NCI Common Toxicity Criteria version 3.0 at baseline, every
course of therapy and in the follow-up.

Before 2008, bleomycin and cisplatin were administered in
patients with seminoma or non-seminoma of stage | or II-
IV intravenously, according to the protocol of the Hellenic
Cooperative Oncology Group (HeCOG). The protocol dictated:
bleomycin 15 mg (days 1-3, 8 hour-infusion) and cisplatin 40
mg/m? or 50 mg/m? (days 1-2, diluted in one liter of normal
saline and given for more than 2 hours). Intravenous
hydration started 12 hours prior to the first dose of cisplatin
and was maintained throughout each cycle. Etoposide was

given 120 mg/m? intravenously on days 1-3. After 2008,
according to NCCN guidelines, the above schedule was
administered only in patients with seminoma or non-
seminoma stage |. On stage II-IV BEP was administered as
follows: bleomycin 30 mg (days 1, 8, 15), etoposide 165
mg/m? (days 1-3) and cisplatin 50 mg/m? (days 1-2] or
bleomycin 30 mg (days 1, 8, 15), etoposide 100 mg/m? (days
1-5) and cisplatin 20 mg/m? (days 1-5). The cycles were given
every 3 weeks, unless delayed for one week due to toxicity.

Five patients with high risk disseminated non-seminoma
were treated taking four cycles of IBEP. This schedule was
administered as follows: ifosfamide 1.2 g/m? (days 1-5),
bleomycin 15 mg (days 1, 3 and 5), etoposide 80 mg/m? (days

Table 2.
Baseline characteristics of the 27 men with seminoma, the number of relapses and their 5-yr overall survival (0S).
SEMINOMA STAGE |

CHARACTERISTICS No of patients (%)

SEMINOMA Stage | 21

Age at diagnosis

Median 33

Range 23-bh4

Primary tumor site-Testis

Right 9 (43%)

Left 12 (57%)

Treatment Relapse 5-yr 0S

Carboplatin 6AUC x 2 cycles 11 (52%) I 11/(100%)

Surveillance 6 (29%) 0 6 (100%)

Bus Eseo Pao X 2 cycles 3(14%) 0 3(100%)

Eso Pen x 2 cycles 1 (5%) 0 1(100%)
SEMINOMA STAGE II-IV

CHARACTERISTICS No of patients

SEMINOMA Stage II-IV b

Age at diagnosis

Median 35

Range 23-bs

Primary tumor site-Testis

Right 3 (50%)

Left 3 (50%)

Sites of metastasis

Lymph nodes 6 (100%)

Lung 3 (50%)

Lymph nodes and lung 2 (33%)

Treatment Relapse 5-yr 0S

Bus Exo Pe X 2 cycles 1(17%) 0 1(100%)

Bis Esso Pao X 5 cycles [ []7%] 0 [ []OU%]

Bus Exo Pao X 4 cycles 4 (66%) | 4 (100%)
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Table 3.

Baseline characteristics of the 59 men with non-seminoma, the number of relapses and their 5-yr overall survival (0S).

NON-SEMINOMA STAGE |

CHARACTERISTICS No of patients

NON-SEMINGMA Stage | 34

Age at diagnosis

Median 21

Range 16-46

Primary tumor site-Testis

Right 16 (47%)

Left 18 (53%)

IGCCG Classification

Low Risk 15 (64%)

High Risk 19 (56%)

Treatment Relapse 5-yr 0S

Bus Exo Pen X 2 cycles 26 (76%) 1 26 (100%)

Bus Eseo Pioo X 2 cycles 309%) 0 3(100%)

Surveillance 4 (12%) 0 4(100%)

Bus Eao Pen X 4 cycles 13%) 0 1 (100%)
NON-SEMINOMA STAGE I1-1V

CHARACTERISTICS No of patients

NON-SEMINOMA Stage II-IV 5

Age at diagnosis

Median Yl

Range 16-48

Primary tumar site-Testis

Right 14 (56%)

Left 11 (44%)

IGCCG Classification

Low Risk 19.(72%)

High Risk 7(28%)

Sites of metastasis

Lymph nodes 25 (100%)

Lung 7 (28%)

Liver 2 (8%)

Treatment Relapse 5-yr 0S

Bis Easo Pao X 4 cycles 10 0 10 [1 UU%]

léoo Bis Exeo Proo X 4 cycles 5 0 5 (100%)

Bus Exo Pen X 2 cycles I 0 1(100%)

Bso Esoo Proo 5-days schedule 4 [ 4(100%)

Bso Exgs Proo 3-days schedule 2 1 1 (50%)

Ess Proo X 4 cycles [ 0 1(100%)

M-VIP x 6 cycles I 0 1(100%)

Bus Eano Puo x 6 cycles [ 0 1 (100%)
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1-5) and cisplatin 20 mg/m? (days 1-5). All five patients
received standard G-CSF on the 1% and the 7" day because
of the myelotoxic effect of this regimen.

One patient with high grade disseminated non-seminoma
was treated with six cycles of M-VIP according to the Atha-
nassiou et al. study [45] as follows: methotrexate 250 mg/m?
on day 1, etoposide 100 mg/m? (days 2-4), cisplatin 100
mg/m? on day 2 and ifosfamide 5 g/m? on the 1 day.

RESULTS
Between June 2000 and December 2011, twenty-seven

Table 4.
Adverse events: seminoma.
ADVERSE EVENTS Carhoplatin 6AUC x 2
No of patients 11
Nausea/Vomiting 2(18%)
Fatigue 1(9%)
Neutropenia 0
Thrombopenia 0
Alopecia 0
Neurotoxicity 0
Ototoxicity 0
Stomatitis 0
Hiccups 1(9%)
Glomerulonephritis 0
Diarrhea 0
Rash 0
Table 5.
Adverse events: non-seminoma.
ADVERSE EVENTS B1s Eqzo Pso
x4 cycles
No of patients 10
Nausea/Vomiting 4 (60%)
Fatigue 0
Neutropenia 1(10%)
Thrombopenia 0
Alopecia 4 (40%)
Neurotoxicity 2 (20%)
Ototoxicity 0
Fever 1(10%)
Hiccups 4 (60%)
Rash 1(10%)
Epigastralgia 1(10%)
Lung toxicity 0

patients with seminoma and fifty-nine patients with non-
seminoma were enrolled on this study. All of them had
histological evidence of their disease. Baseline characte-
ristics of the population included in this study are presented
in Tables 4 and 5. The mean age of all patients with semi-
noma and non-seminoma was 33 and 26 years, respe-
ctively. The primary tumor site of all studied population was
the left or right testis.

Furthermore, Tables 2 and 3 present patient treatment ma-
nagement, recurrence and 5-years 0S. As mentioned above,
the diversity of chemotherapeutic regimens demonstrates

Bis Erzo Pao x 2 Bis Ein Pio X &
4 4
1(25%) 3(75%)
0 1(25%)
1(25%) 1(25%)
0 2 (50%)
0 1 (25%)
0 2 (50%)
0 1(25%)
0 1(25%)
1(25%) 1(25%)
0 1 (25%)
0 1 (25%)
0 1(25%)
Bao Esss Proo Bao Esoo Proo IBEP
3-days 5-days
2 4 5
2(100%) 2 (50%) 1{20%)
1 (50%) 1 (25%) 0
2(100%) 0 1(20%)
1 (50%) 1(20%)
0 1(25%) 1(20%)
0 0 0
1 (50%) 0 0
1 (50%) 1 (25%) 1 (20%)
0 1 (25%) 0
0 0 1(20%)
0 0 0
1 (50%) 0 0
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Table 6.
Highlights in the progression of TC treatment.

1960  The combination of actinomycin D, chlorambucil and methotrexate was used in advanced TC by Li et al. [10].

1870  Mithramycin and vinblastine were introduced for the treatment of advanced TC [11, 12].

1973  The combination of the Japanese antitumor antibiotic Bleomycin with vinblastine seems to be silver lining [13, 14].

1974  PVD was first used at Indiana University [15].

1878  Cisplatin plus etoposide: The first time in the ancology history when an adult solid tumor was cured with second-line chemotherapy [16].
1984  BEP, having less toxicity and better survival comparing with PVD, established as 1°line treatment in disseminated TC [9].

the different therapeutic approaches for males with TC
during the past 20 years.

Three of our patients with stage | seminoma became fa-
thers two, seven and ten years after the end of their
treatment receiving two cycles of carboplatin 6AUC. One of
them had his offspring with in vitro fertilization. A 33-year-
old patient with seminoma disease stage | presented
contralateral TC 1 year after first diagnosis. One patient with
seminoma stage IV presented relapsing liver lesions after
receiving two cycles of BEP.

Relapse was also observed in one patient of high risk grade
| non-seminoma on his left subclavian lymph nodes after
receiving two cycles of BEP. Two of our high risk stage |
non-seminoma patients had their offspring 6 and 8 years
after completion of two cycles of BEP. In low-grade
metastatic non-seminoma, we observed two relapsed
cases 1 and 10 years post treatment and one of these
patients had his child 10 years after been treated with four
cycles of BEP. It is important to mention that on either
seminoma or non-seminoma, subsequent treatment after
relapse was taxane-based. All of these patients have achie-
ved progression-free survival until now. In our population,
only one patient died due to drug toxicity, as described later.
Thus, the 5-years OS for the remaining patients is 100%. The
median follow-up for seminoma stage | is 55 months and
for stage II-IV 71 months. According to non-seminoma, the
median follow-up is 72 months for stage | and 63 months for
stage lI-IV.

Toxicity evaluation

No unexpected toxicities were observed. Most of the
treatment-related adverse events were of grade | or Il and
generally reversible (Tables 4 and 5).

The most common adverse reactions, for patients under
therapy taking two cycles of carboplatin 6AUC, were gastro-
intestinal (nausea/vomiting), hiccups and fatigue. Indeed,
when giving four cycles of BEP to patients with seminoma,
the treatment was more toxic than administering two cycles
of BEP. Thrombopenia, neurotoxicity, ototoxicity, stomatitis,
glomerulonefritis, diarrhea and rash appeared to patients

who received four cycles of BEP but not to those who
received two cycles of the therapy. Of note is that those four
cycles were administered to 4 patients with advanced
disease and two cycles to 3 patients with stage | seminoma
and to 1 patient with low risk advanced seminoma. All
toxicity events were as expected and definitely reversible.

For the non-seminoma patients, fatigue, nausea, vomiting
and alopecia were the most frequent adverse events (Table
B). Five patients treated with IBEP did not seem to present
excessive toxicity. But given that only 5 patients were treated
with IBEP, we cannot compare their toxicity levels with the
incidence of adverse events of the other 14 patients treated
with four cycles of BEP.

Finally, one patient with advanced low risk non-seminoma
died due to lung toxicity and myelotoxicity after receiving one
cycle of BEP administered for three days. On the 10" day of
the first cycle, the patient developed hemoptysis, dyspnea,
fever, pancytopenia and finally vesicular hemorrhage; he
was hospitalized in the intensive care unit and died a few
days later. After this event we administer the 5-day schedule
of BEP in patients with non-seminoma stage II-IV. Indeed,
minor toxicity symptoms appeared in our four patients
treated with 5-day BEP, as compared to two patients
receiving BEP for 3 days (Table 5). Obviously, the number of
patients is inadequate to add up to safety conclusions.

DISCUSSION AND A BRIEF REVIEW OF THE LITERATURE

TC treatment does not target either survival prolongation or
palliation but the cure. As mentioned above, over the past 50
years the management of seminoma and non-seminoma
has changed as new studies brought up more effective
results (Table 6). Nowadays, the combination of bleomycin,
etoposide and cisplatin (BEP) is considered as the standard
of care for the treatment of disseminated TC [3]. Initially, BEP
was administered to patients presenting relapse after
radiotherapy. Meanwhile, the results from phase /Il studies
were very promising and so, in 1984, BEP was established as
a 15t line treatment for disseminated TC [9].

Since 1984, numerous chemotherapeutic regiments have
been studied for their effectiveness and toxicity at different
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stages of male germ cell tumor. BEP was studied in several
groups of patients in order to determine the appropriate
dosage for the best therapeutic profit, minimum toxicity and
best quality of life [3, 9, 17-21]. Therefore, our investigated
population received different therapeutic combinations
during this period.

The major disadvantage of BEP therapy is that it causes
significant side effects. Nausea, vomiting, alopecia, nephro-
toxicity, fatigue, VIII'" nerve damage, peripheral neuropathy,
neutropenia and sepsis are the common toxicity effects
particularly due to cisplatin [22]. Bleomycin has been asso-
ciated with chills, fever, swelling and lung toxicity. Indeed,
researchers had shown that 0.5-1% of patients developed
fatal pneumonitis [17, 23]. In our population one patient with
low risk advanced non-seminoma disease died due to lung
toxicity and myelotoxicity after the first administration of 3-
day BEP. For this reason we decided to administer the 5-day
BEP rather than the 3-day BEP in patients with seminoma or
non-seminoma stage Il-IV. We observed that when the BEP
lasts longer, fewer toxicity problems appear, while patient
benefit is equivalent. Pneumonitis is a serious side effect that
should always be kept in mind, particularly in patients over
40 years old, who are smokers or have a history of
pulmonary disease or impaired renal function [2].

Moreover, according to the literature, cardiovascular disease
is another adverse event that occurs more frequently in
patients with TC 5 years after their treatment. Genetic predi-
sposition, lifestyle and the presence of cardiovascular risk
factors, such as hypercholesterolemia, hypertension, over-
weight, and metabolic syndrome are risk factors in this
population [41]. In our investigated population none of the
patients developed cardiovascular disease.

Furthermore, even though skin pigmentation and nails
changes may be present in patients receiving bleomycin, we
did not notice skin toxicity. Etoposide administration may be
associated with nausea, vomiting, reversible alopecia, fever,
chills, hypotension and bronchospasm [24]. An important
problem in patients treated with BEP is the long term
toxicities. Raynaud's syndrome, damage to peripheral and
auditory sensory nerves and a vascular necrosis of the hip
might develop, in low incidence, 2-3 years after treatment
[22, 25].

Another serious problem caused by combination chemo-
therapy is the reproductive deficiency of young patients.
Azoospermiais a frequent adverse event, but is reversible in
70-80% of the cases. However, cisplatin and alkylating agents
are responsible for the infertility of some patients [26].
According to our population, two of the twenty-seven
patients with seminoma and two of the fifty-nine patients
with non-seminoma became fathers. It is expected that this
number will increase in the future, as patients will be in the
mean age when having their children in Greece.

Over the past 25 years, the improvement of supportive

drugs, such as antiemetics, has minimized the toxic effects
of chemotherapy. Moreover, the amelioration of imaging

methods and meta-analytic data has modulated current TC
treatment approach. Other combinations such as Methotre-
xate-Etoposide-Ifosfamide-Cisplatin (MVIP) and Ifosfamide
-Bleomycin-Etoposide-Cisplatin (IBEP) show effectiveness
and safety in intermediate/poor risk advanced TC, but need
further investigation [27, 28].

Table 7 presents TC treatment approach according to the
European Association of Urology and NCCN Guidelines
Version 2011 [6, 30]. It is remarkable that there is a 15-20%
possibility for patients with seminoma stage I, who have
been treated only with orchiectomy, to relapse. These
patients usually have retroperitoneal metastatic disease [31].
On the other hand, for patients with non-seminoma stage |
this possibility is as high as 30% [32]. To limit this possibility,
patients can be classified within a high and a low risk group,
according their histological examination. To be more specific,
patients with vascular invasion are classified into the high
risk group and have to be treated with adjuvant chemo-
therapy. On the other hand, the recommended management
for patients with no vascular invasion (low risk group) is
surveillance [33-35].

As far as metastatic TC is concerned, studies have shown
that chemotherapy is the standard of care [6]. The only
exception is the treatment approach of seminoma and non-
seminoma stage IIA/IIB. In seminoma stage IIA/IIB either
radiotherapy with a radiation dose of 36 Gy or four cycles of
EP chemotherapy or three cycles of BEP have similar
therapeutic effects [36-37]. For non-seminoma stage II,
retroperitoneal lymph node resection is suggested, because
of the suspicion of teratoma. If metastasis in lymph node
mass is more than 2cm (pN2, pN3) according to the TNM
system (7™ edition, 2010), chemotherapy is required (Table
3] (38, 39].

In advanced metastatic disease, the treatment approach is
the same for both seminoma and non-seminoma [6]. The
standard of care is three cycles of BEP for patients with good
prognostic factors and four cycles of BEP for patients with
either intermediate or poor prognostic factors (Table 2). BEP
dosage is: Bleomycin 30 mg (days 1, 8 and 15), Etoposide 100
mg/m? (days 1-5) and Cisplatin 20 mg/m? (days 1-5) in a cycle
of 21 days. Studies showed that this chemotherapeutic
combination can be administered in three days with the
same effectiveness but with more toxic effects [40]. Further-
more, 4 cycles of EP are equivalent to three cycles of BEP
[18]. Our vast majority of patients received different doses of
BEP than the current standard of care, because the
treatment approach has changed during the past decade.
However, we cannot compare the efficacy of BEP different
dosages, because our study population is neither sufficient
nor homogeneous.

Another important step for the treatment of TC is the follow-
up after therapy. The necessity thereof is dictated by: i) the
early detection of a possible relapse and the initiation of
salvage therapy; ii) the early detection of contralateral cancer
or other secondary malignancy; iii) the identification and
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Tahle 7.

The treatment approach of TC according to the European Association of Urology.

SEMINOMA
STAGE | Surveillance is the recommended treatment.
Carhoplatin 7AUC - 1 cycle can be recommended in patients at high risk.
Radiotherapy is not recommended.
METASTATIC
STAGE I1A/1IB Radiotherapy.
EP x 4 cycles or BEP x 3 cycles is equivalent to radiotherapy in stage I1B.
ADVANCED

BEP x 3 cycles or EP x 4 cycles in patients with good prognosis.

BEP x 4 cycles in patients with intermediate prognosis.

NON-SEMINOMA

Retroperitoneal lymph node resection if conditions are against surveillance and chemotherapy.

Retroperitoneal lymph node resection if there is a stable or growing lesion with normal tumor markers.

EP x 4 cycles or BEP x 3 cycles if there is a stable or growing lesion with lymph node mass more than 2 cm.

STAGE | Surveillance in patients at low risk.
BEP x 2 cycles in patients at high risk.

METASTATIC

STAGE lIA/lIB

ADVANCED

BEP x 3 cycles or EP x 4 cycles in patients with good prognosis.

BEP x 4 cycles in patients with intermediate and poor prognosis.

confrontation of long term toxicity effects; and iv) the support
and guidance of possible infertility [2, 6]. Follow-up includes
physical examination, measurement of tumor markers,
chest X-ray and abdominopelvic CT.

For seminoma stage |, physical examination and measure-
ment of tumor markers must be performed three times per
year and chest X-ray and abdominopelvic CT twice per year
for the first 2 years after completion of the chemotherapy.
During the next 3 years this follow-up has to be carried out
yearly [6, 30].

For low risk non-seminoma stage |, physical examination
and measurement of tumor markers is recommended four
times per year, chest X-ray and abdominopelvic CT twice
per year for the first 2 years and annually thereafter, until
the completion of 5 years following diagnosis. For high risk
non-seminoma stage | disease, the recommended follow-
up is the same as for the low risk non-seminoma stage |
with one exception: the abdominopelvic CT must be perfor-
med annually from first diagnosis until the 5" year of
observation [6, 30I.

For advanced TC, physical examination, levels of tumor
markers and chest X-ray have to be measured four times per
year for the first 2 years, twice per year for the following 3
years and annually thereafter. Abdominopelvic CT has to be
evaluated twice per year for the first 2 years and as indicated
thereafter. If an abnormality is detected in the chest X-ray or
if the patients present headaches, focal neurological findings

or any central nervous system neurological symptom the
oncologist has to add chest CT, brain CT and FDG emission
tomography scanning to patient screening if available [6, 30].

Reducing toxicity and treatment duration is the goal for TC
treatment, both seminoma and non-seminoma. The effective
treatment for good prognosis-metastatic non-seminomatous
germ cell tumors has been defined; however, the therapeutic
approach of poor prognosis-metastatic non-seminoma has
to be further investigated [2]. Better imaging methods, such
as positron emission tomography, might be able to identify
early the recurrence or appearance of a second malignancy
[42]. In this highly curable disease, prevention and awareness
of young men are the highlights for early diagnosis and rapid
confrontation. For that reason, follow-up must be an impor-
tant part of the treatment.

Another difficulty of TC is the increased risk of second
malignant neoplasm. Lois B et al. in particular showed that
22.6% of men with testicular tumors would probably develop
a second primary cancer within 30 years compared with
13.1% of men in the general population, which means an
excess of about 10% [43]. The most common secondary
malignancies are secondary leukemia, sarcoma and cancers
of the lung, gastrointestinal tract, and other urogenital sites
[44]. A possible explanation would be chemotherapy; radiation
fields; genetic predisposition; immunodeficiency; common
carcinogenic influences; diagnostic surveillance; risk factors
unrelated to TC; or a combination of said factors [43]. In our
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population, only one patient with seminoma disease stage |
presented contralateral TC after 1 year from initial diagnosis.

A multidisciplinary team of medical oncologists, pathologists,
urologists, and radiotherapists have to be involved in the
management of such patients. There is a necessity, especially
for patients with poor risk metastatic non-seminoma, in order

to identify the responsible molecular mechanism and to
invent effective targeting drugs [2]. Therefore, patients with
poor prognosis should be encouraged to participate in
ongoing prospective trials investigating dose-intensified or
high-dose chemotherapy [6]. Our improved understanding of
TC biology will lead to novel, less toxic therapies.
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The ERBB family of proteins in breast carcinomas
— An alternative therapeutic proposal

Michael V. Karamouzis, Katerina Niforou, Athanasios G. Papavassiliou

ABSTRACT

The epidermal growth factor (HER) receptor family represents a membrane protein group with
cytoplasmic tyrosine kinase (TK) activity. There are four HER members 1-4 (ERBB1-4) and in
order to be functional, ligands must be attached to the extracellular domain of the proteins.
Afterwards, conformational change leads to dimerization and activation of their TK activity. HER-
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2 has no ligand and its activation depends on dimerization with the other members. A signaling
cascade begins with several cellular outcomes. Proliferation, differentiation, apoptosis are some
of HER functions, while they are implicated in the pathogenesis of various malignant tumors.
Pharmaceutical agents against HER-2 have already been developed and currently used for breast
cancer patients with HER-2 overexpression. The implication of HER-3 and its ligand heregulin in
HER-2 signaling raises the possibility of combinational therapies and application of HER-2
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targeting agents in HER-2 negative but HER-3 and heregulin positive breast cancer patients.

Key words: EGF receptors; HER-1; HER-2; HER-3; HER-4; breast cancer.

INTRODUCTION

The ERBB/HER receptors are type | growth
factor receptors with tyrosine kinase activity
corresponding to epidermal growth factor
stimuli. Their main function is the flow of in-
formation from the extracellular environment
to the cell nucleus. As indicated by their name,
epidermal growth factor receptors promote
proliferation when stimulated, providing those
cells with a survival advantage.

The members of this family are four proteins
that integrate the membrane; epidermal
growth factor receptor 1 (also called EGFR,
ERBB1 or HER-1), HER-2 (also called ERBB?2
or Neu), HER-3 (also called ERBB3) and HER-
4 (also called ERBB4). The ERBB receptors
belong to the greater family of receptor tyrosi-
ne kinases (RTKs) and are cell surface allo-
steric enzymes. These enzymes consist of a
transmembrane hydrophobic domain that se-
parates an extracellular ligand-binding do-
main and an intracellular kinase domain [1].

In order to activate their TK activity, ligands
that contain an EGF-like domain bind to ERBB
receptors. Different EGF-like ligands activate
different receptors of the ERBB family, except
ERBB2 who has no identified ligand yet. Then,
dimer formation between the four receptors
occurs to activate the TK domain. Upon acti-
vation, ERBB receptors activate downstream

intracellular pathways, including PI-3K/Akt,
Ras/MAPK, PLCy1/PKC, STAT and Paré-
atypical PKC pathways [2]. These pathways
are involved in different cellular functions
such as apoptosis inhibition, proliferation pro-
gression, differentiation, angiogenesis, meta-
stasis, epithelial-mesenchymal transition and
cell motility [3]. Proper regulation of these
signaling networks is a prerequisite for cell
homeostasis. Deregulation and subsequent
aberrant signaling due to mutation, amplifica-
tion or presence of autocrine loops contri-
butes to the development of carcinomas.

ACTIVATION OF ERBB RECEPTORS

There are multiple potential ligands for the
HER receptors. The ectodomain of the HER
proteins is highly conserved and ligand inter-
action promotes a conformational change.
The extracellular domain in the “ligand-free”
scenario obtains a close/"tethered” compo-
sition, masking the dimerization binding sites
of the protein. The result of this alteration is
receptors dimerization and activation of their
TK domain. This extracellular region has four
distinct domains, two of which are leucine-rich
and are responsible for ligand binding. After
ligand binding the conformational change
results in open composition of the extracellu-
lar domain and exposure of dimerization inter-
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faces and subsequent dimerization of the ERBB proteins [1].

The ligands that activate the HER receptors, except HER-2,
are expressed as transmembrane precursors and contain a
conserved structural region -the epidermal growth factor
(EGF)-like domain. The ligand family of EGFs comprises 13
members, each of which binds a specific receptor and induce
the homo- or hetero-dimerization of the HER receptors [4].
EGF, TGFa, betacellulin (BC), amphiregulin (AR], epiregulin
(EPR), heparin-binding EGF-like ligand (HB-EGF) and epigen
are HER-1 ligands. Neuregulin 1 and 2 (NRG1, NRG2)] are
HER-3 and HER-4 ligands while HER-4 has additionally
neuregulins 3 and 4 (NRG3, NRG4) and share ligands BC,
EPR, HB-EGF and epigen with HER-1 receptor [5]. HER-2 is
a ‘ligand-free” receptor and can activate its TK domain
through autophosphorylation after homo-dimerization or
hetero-dimerization with other ERBB partners (Figure).

Homo-dimerization and/or hetero-dimerization of HER
receptors is required for intracellular TK domain activation
[5]. EGFR and HER-2 create both hetero-dimers and homo-
dimers between all members of the HER family.
HER-2/HER-3 dimer is the preferred hetero-dimer with the
strongest proliferative downstream signals [6]. Exactly
which dimers are assembled each time is dependent on the
ligands available in the environment and their relative
affinities for each receptor. After ligand binding the two
receptor-proteins are interacting and the TK domain,
localized at the cytoplasmic region, is activated through
trans-phosphorylation. Thus, the C-terminal lobe of the first
receptor tail contacts the N-lobe of the second receptor,
which becomes allosterically activated and signaling
cascades are further activated [7].

Between the four receptors, HER-1, HER-3 and HER-4 share
the “close-open” composition of the extracellular domain,
but HER-2 has no ligands and possesses an open
composition at all times. Its activation depends on the
homo- or hetero-dimerization process and acts as a co-
receptor with high affinity for the other three receptors. On
the other hand, HER-3 does not share an intracellular TK
domain and also depends on hetero-dimerization to become
functional and further activate its downstream signaling
pathways. These two receptors have well-recognized
molecular cross-reaction and form active dimers that
trigger downstream signaling networks [1, 2].

NUCLEAR FUNCTION OF ERBB RECEPTORS

Although HER receptors are membrane proteins, there is
increasing evidence of nuclear translocation and function [8].
All four receptors have been reported to be located in the
nucleus of cancer and/or normal cells. Full length of nuclear
HER-1 is implicated in transcriptional regulation, DNA
replication and DNA repair [3, 9-11]. In several tumors, HER-
1 has been found in cancer cell nucleus and these patients
have a remarkable poor outcome [8]. In mouse type |l
epithelial cells, HER-1 and HER-2 have been shown to be

Figure.
Molecular anatomy of HER-receptor protein family.
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mainly localized in the nucleus and to a lesser extent in the
cytoplasm, while HER-3 was found almost exclusively in the
nucleoli and HER-4 shuttled between the nucleolus and the
cytoplasm [12].

HER-3 has been found to be present in the nucleus of human
mammary epithelial cells and when nuclear export inhibitor
is used, accumulation of HER-3 to the nucleus occurs.
Heregulin B1 stimulation can shift HER-3 from the nucleolus
to the nucleus and then to the cytoplasm, demonstrating an
additional role for HER-3 to the nucleolus [13].

EXPRESSION OF ERBB RECEPTORS IN NORMAL AND
TUMOR BREAST TISSUES

Expression of all four HER receptors is necessary during
normal development of mammary glands participating in
several normal processes, such as growth regulation ,
differentiation, apoptosis and/or remodeling [14, 15]. During
puberty HER-1 and HER-2 are expressed at high levels,
while HER-3 and HER-4 are absent or at very low levels. The
opposite expression pattern is observed during pregnancy.
Finally, during involution HER-1, HER-2 and HER-3 are
present and HER-4 is absent [15].

Breast cancer accounts for about 20% of female carcinomas.
Expression of these receptors in breast carcinomas is very
common. Polymorphism at amino acid codon 655 replacing
isoleucine with valine of HER-2 gene is associated with
increased risk in breast cancer patients. A subpopulation of
HER-2 overexpressing breast cancer patients expresses a
truncated active form, p?5HER2, which lacks the extra-
cellular domain. Cells carrying the truncated form of HER-2
protein are more prone to constant HER-2 homo-dimer
activity and uncontrolled growth, division and avoidance of
apoptosis. HER-2 overexpression is present in 20-30% of
breast carcinomas and is associated with worst prognosis
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[16, 17]. Estrogen receptor, progesterone receptor, and HER-
2 expression still remain essential components of patho-
logical examination of breast cancer specimens since they
provide important clues for further treatment schedule [18].

HER-3 is expressed at low levels in embryonic mammary
tissue and is elevated during postnatal maturation. During
lactation and pregnancy high HER-3 levels are present along
with HER-4. HER-3 is often overexpressed in human breast
cancer cells due to higher protein expression or increased
half-life of the receptor [19, 20]. HER-3 is detectable in 50-
70% of human breast cancers and its increased expression
in malignant mammary tissues compared with normal
mammary tissue is present in 18-29% of the cases [21].
Different groups have also studied mRNA levels of HER-3
and high mRNA levels from two-fold to 100-fold variation
were recorded. Increased mRNA levels or high protein
levels detected with immunohistochemistry as a prognostic
indicator had various results regarding its association with
metastasis, tumor grade and recurrent rate [21].

HER4 is expressed in normal mammary glands and plays a
critical role in their development and function. Highest
expression is observed during pregnancy and low levels are
detected during lactation and involution. Inactivation of HER-
4 signaling in mouse mammary glands resulted in deve-
lopmental abnormalities at mid-lactation and deficient lacta-
tion products [22]. Although not frequently overexpressed in
breast cancer, HER-4 is correlated with good prognosis and
seems to antagonize HER-2-related dismal clinical outcome
[23]. Overexpression of both HER-3/HER-4 has also been
associated with good prognosis [24].

NRGs ligands play an important role in normal mammary
gland development and function. They contain an EGF-like
domain and activate HER-3 and HER-4 receptors. The
heregulin family consists of four genes and their different
spliced mMRNA products give many variant proteins. They are
also studied together with HER receptors as they activate
them and participate in the proliferation process. Heregulin 1
is a ligand for HER-3 and HER-4 receptors and activates HER-
2 through the dimerization process with HER-3 and/or HER-4.
They are also widely expressed in a variety of tumors and
mainly in breast cancer. Overexpression of NRG1 has been
reported in 24% of breast carcinomas, which are thought to
have an aggressive physical history [25]. They play an impor-
tant role in normal mammary gland development and
function but their levels are usually increased in invasive
breast carcinomas [26]. NRG1a; 2a; 2b have the highest
immunohistochemical expression in breast cancers as
compared to other HER ligands and have been correlated with
worst overall survival [27]. In another study, mRNA transcripts
for NRG2 were present in almost all breast tumor samples
while NRG1 was present in 80% of the samples tested [28].
The presence of NRG ligands in breast cancer tissues is
believed to represent a potential resistance mechanism in
anti-HER-2 targeting agents as they can activate remnant-
non-bound HER-2 receptors through HER-3 binding.

BREAST CANCER THERAPIES DIRECTED AGAINST
ERBB RECEPTORS

Based on HER-2 overexpression at protein level or gene
amplification, breast cancer patients follow treatment with
anti-HER-2 agents (Table). Trastuzumab is an antibody
against the extracellular domain of the HER-2 receptor
preventing its activation. The exact mechanism of action is
not yet fully understood but among potential mechanisms
are prevention of HER-2 dimerization, increased endocytic
destruction, inhibition of extracellular domain shedding and
activation of immune response [17]. Pertuzumab, another
novel HER-2 antibody, binds to the dimerization binding sites
of the HER-2 receptor inhibiting more effectively its
dimerization and neuregulin-induced activation through HER-
3 [29]. Combinational therapy of HER-2 breast carcinomas
with trastuzumab and pertuzumab is ongoing and phase |l
trials have shown positive clinical results in terms of efficacy
without toxicity enhancement [30]. A recently published
phase Il study showed that the combination of trastuzumab
and pertuzumab with docetaxel is more effective than
trastuzumab alone and docetaxel alone as first-line treatment
in HER-2 breast cancer patients [31]. Another anti-HER-2
agent that is evaluated in large clinical trials is the combi-
nation of trastuzumab with DM1, an anti-microtubule drug
which is released into the cell after binding to the extracellular
domain of the HER-2 receptor, thus having limited toxicity and
more effective targeting of HER-2 overexpressing breast
cancer cells [29].

Another mechanism for inhibiting HER signaling is by
targeting the tyrosine kinase activity using small molecule
tyrosine kinase inhibitors (TKIs). Lapatinib is a dual action TKI
targeting HER-1 and HER-2 receptors [32]. In patients
previously treated with trastuzumab and resistant to this
therapy, lapatinib was more effective. An explanation for
lapatinib effectiveness against trastuzumab is the presence
of a truncated HER-2 form named p%5 HER-2, which lacks the
extracellular domain and is constitutively homo-dimerized
and active [29]. In that vein, the combination of trastuzumab
with lapatinib could confer a more effective therapy of breast
cancer and is currently evaluated in a phase Ill clinical trial.
Neratinib is a TKI with dual function on HER-1 and HER-2
receptors and has proven to be effective in untreated and
trastuzumab-resistant breast cancer patients [33].

Heat Shock Proteins (HSPs) represent another potential
valuable therapeutic target mechanism of HER-2 over-
expressing breast cancer cells. HER-2 receptor is particu-
larly sensitive in the presence of HSP90 as it is responsible
for its proper folding and cellular localization [34]. There are
four HSP90 chaperone inhibitors summarized in Table,
which additionally target ATK, VEGFR and ERs.

So far it was believed that activation of HER-2 occurs only
when HER-2 is overexpressed, amplified or in the presence
of a truncated form. Many breast cancer patients present
intrinsic or acquired resistance to anti-HER-2 directed
therapies [35]. Growing evidence support the participation of
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HER-3 and NRGs in HER-2 activation, regardless of it
expression. Preliminary results show that HER-2 over-
expression is not necessary and activation of HER-3/HER-4
by NRGs might be enough to subsequently activate HER-2
[36-38]. Patients with increased levels of NRGs but negative
or low expression of HER-2 and low or high HER-3
expression, could benefit from treatment with anti-HER-2
agents [39]. In a study on 124 early-stage or metastatic
breast cancer patients and MCF7 breast cancer cell line
expressing NRG, trastuzumab was effective in mice
transfected with the MCF7-NRGaZ2c cells and in patients with
overexpression of NRG and low or normal HER-2 ex-
pression [36]. Another study in MCF7 cells overexpressing
HRG, which are resistant to cisplatin, showed sensitivity to
trastuzumab co-exposure [40]. In the same study active/
phosphorylated HER-2 was present in 67% of the heregulin
overexpressing and only 12% in the HER-2 overexpressing
invasive breast carcinomas. Additionally, while 32% of the
breast cancer patients were HER-2 positive, 52% of them
were positive for the combinational analysis of HRG and
phosphorylated HER-2 and could benefit from trastuzumab
therapy [40].

Table.

HER-2 targeting agents in breast cancer therapeutics.

Agent Target

Antibodies

Cetuximab HER-1
Panitumumab HER-1
Trastuzumab HER-2
Trastuzumab-DM1 HER-2
Pertuzumab HER-2
Ertumaxomab HER-2

MM-111 HER-2, HER-3
Tyrosine Kinase inhibitors

Lapatinib HER-1, HER-2
Neratinib/HKI-272 HER-1, HER-2
Afatinib/BIBW-2992 HER-1, HER-2
Canertinib/CI-1033 HER-1, HER-2
ARRY-334543 HER-1, HER-2, HER-4
AEE788 HER-1, HER-2, VEGFR
Erlotinib HER-1

Gefitinib HER-1

Heat Shock protein inhibitors

Tanespimycin/17-AAG HSP90 chaperones
Retaspimycin/IPI-504 HSP90 chaperones
NVP-AUY922 HSP90 chaperones
BIIB021 HSP90 chaperones

CONCLUSIONS

The HER receptor family consists of tyrosine kinase proteins
involved in numerous cellular processes like proliferation;
angiogenesis; inhibition of apoptosis; differentiation; and cell
motility. Their implication in breast carcinogenesis has been
confirmed, thus increasing the necessity for better under-
standing of their biology and downstream pathways. The
detailed function of each receptor is not fully unraveled as well
as the function and activated pathways of each formed dimer.

In-depth elucidation of the dimerization pattern of HER
receptors along with their ligands will facilitate basic and
clinical researchers to untangle the skein of HER family
function. In the case, whenever only one member of the HER
family is overexpressed, its activated pathways should be
investigated to reveal its role in cell proliferation and cancer
progression. Also in the case of suppression of one of the
receptors through pharmacological agents, the alternative
activated pathways should be studied. It is becoming clear
that the combination of anti-HER agents would be more
effective than a single drug alone. The timing and best
combination of such agents still remains a challenge.

Action

Inhibition of HER-1 signaling

Inhibition of HER-1 signaling

Inhibition of HER-2 signaling, recruitment of immunology cells
Inhibition of HER-2 and potent anti-micratubule cytotoxic agent
Inhibition of HER-2 dimerization sites, recruitment of immunology cells
Bispecific antibody and recruitment of immunology cells

Bispecific antibody for both receptors

TKI

Irreversible TKI
Irreversible TKI
Irreversible TKI
Reversible TKI
Reversible TKI
Reversible TKI
Reversible TKI

Ansamycin, targets HER-2, AKT, VEGFR, ER
Ansamycin, targets HER-2, AKT, VEGFR, ER
Isoxazole resorcinol, targets HER-2, AKT, VEGFR, ER
Purine scaffold
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ABSTRACT

Cancer cachexia is a complex but very coommon syndrome observed in the majority of cancer
patients during the course of their disease, especially at the later stages. This syndrome
undoubtedly affects their quality of life and is often associated with worse prognosis. The
complicated nature of cancer cachexia is mirrored at the difficulty to treat it effectively. Despite
the numerous efforts to discover novel agents for the treatment of cancer cachexia, high quality
evidence exists only for the progesterone analogue megestrol acetate and less so for other
agents such as ghrelin, thalidomide or specific anti-cytokine molecules which require further
examination and validation. More research on this very important for patients, families and
physicians subject is needed and combinational therapeutic strategies might prove more
successful. This overview presents the pathophysiological mechanisms of cancer cachexia
syndrome and the current evidence-based data on its management. Finally, it aims to capture

some of the potential agents that may play a role in future.

Key words: cancer cachexia; anorexia; progesterone analogues.

INTRODUCTION

Cancer Cachexia (CC), as recently defined by
an international experts study group, is a
multifactorial syndrome characterized by a
continuous loss of muscle mass, with or
without synchronous loss of fat mass, which
cannot be fully reversed by conventional
nutritional support and which can lead pro-
gressively to functional impairment [1]. Epi-
demiological data suggests that up to 80% of
cancer patients might eventually develop CC
during the terminal course of their disease [2].
The highest prevalence of weight loss has
been observed in patients with upper gastro-
intestinal or lung cancer. On the contrary, the
least weight loss has been described in pa-
tients diagnosed with breast cancer, sarcoma
and Non-Hodgkin lymphoma [3]. The impact
of CC is quite significant since it may repre-
sent the main cause of death in almost 20% of
cancer patients and affect the quality of life in
many more. Furthermore, weight loss has
been a known poor prognostic factor in many
solid tumors [4].

DIAGNOSIS AND CLINICAL FEATURES

The diagnostic criteria for CC according to a
recent international consensus by experts in

this field include: i. unintentional weight loss of
more than 5% or weight loss greater than 2%
in individuals already showing low Body Mass
Index (below 20 for patients >65 years old and
below 22 for those aged <65 years); ii. hypo-
albuminemia (<3.5 g/dU); iii. low fat-free mass;
and iv. often systemic inflammation or evi-
dence of cytokine excess (e.g. elevated C-re-
active protein) [1]. The severity of CC depends
on the degree of energy stores depletion and
body protein reduction in association with the
level of ongoing weight loss. Reduced ap-
petite and food intake, early satiety, weight
loss with depletion and alteration of body
compartments, anemia, edema and asthenia
are some of the many clinical features of CC.

PATHOGENESIS OF CANCER CACHEXIA

The pathogenesis and pathophysiology of CC
syndrome is rather complex and only partly
understood. The whole process is described
and summarized by a negative protein to
energy balance, due to decreased food intake
and altered metabolism. This protein-energy
imbalance could be the result of primary cau-
sative factors such as anorexia, altered body
metabolism and various humoral molecules
secreted by the host or the tumor and/or due
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to secondary nutritional deterioration as often observed in
patients with alimentary system mechanical problems,
adverse effects of current treatments etc. (Figure 1).

Firstly, anorexia, found in more than 50% of cancer patients,
is the result of deranged central and peripheral signaling
pathways that control food intake. In fact, excess of many
cytokines such as interleukin 18 (IL-18), IL-6 and tumor
necrosis factor-a (TNF-a) may cause an excessive negative
feedback signaling from leptin, increased levels of the ano-
rexigenic peptide-CRH (corticotrophin releasing hormone)
or the inhibition of the neuropeptide Y [5]. Secondly, me-
chanical problems, such as malignancies of the gastro-
intestinal tract and large tumors or nodal masses exerting
external pressure may also contribute and eventually lead to
the development of secondary malnutrition. Thirdly, adverse
events of current treatments e.g. anorexia or mucositis from
chemotherapy and radiotherapy, bowel obstruction or short
bowel from previous surgery, may also attribute to secon-
dary malnutrition. Of equal importance is the role of altered
metabolism such as the increased Resting Energy Expendi-
ture (REE), which seems to vary widely, and the changed
lipid metabolism. The latter consists of increased lipolysis,
decreased lipogenesis (with a profound loss of adipose
tissue up to 85%) and reduced levels of lipoprotein lipase
which in turn leads to decreased clearance of triglycerides,
hypertriglyceridemia and low levels of both high density
(HDL) and low density lipoprotein (LDL) [4]. During the cancer
cachexia state we observe an increase in muscle catabolism
which is mostly the result of alterations and interactions of
various molecules and pathways regulating muscle meta-
bolism such as the upregulation of ubiquitin-proteasome
pathway, increase of proteolysis inducing factor (PIF) and
activation of NF-kB and of reactive oxygen species (ROS) and
so on [6]. There is also preclinical evidence that upregulation
of uncoupling proteins (UCP) results to increased thermo-
genesis and increased resting energy expenditure, thus
contributing to cancer cachexia [7]. The role of these proteins
in energy balance and lipid and muscle metabolism seems
to be pivotal. There are three uncoupling proteins (UCP)
which mediate the leakage of protons across the inner
mitochondrial membrane, thus decreasing the level of
respiration coupling to ADP phosphorylation [6].

These phenomena, along with a decrease in muscle protein
synthesis and an increase in tumor protein- and liver protein
synthesis, lead to changes in protein metabolism in general
and eventually in skeletal muscle mass reduction. Similarly,
changes in glucose homeostasis are also described with a
significant increase in gluconeogenesis and glycolysis from
the breakdown of muscle and fat tissues and an elevated
production of lactate and of cycle of Cori activity [8].

Finally, the role of humoral factors secreted either by the
host or the tumor in the pathogenesis of CC has been in-
creasingly recognized and explored. The host-related
secreted humoral factors include pro-cachectic cytokines
[e.g. TNF-q, IL-1, IL-6, Leukemia inhibitor factor (LIF), ciliary

neurotrophic factor (CNTF), IFN-y] and anti-cachectic cyto-
kines (e.g. IL-4, IL-10, IL-15, soluble receptor for TNF and
IL-6) whereas the tumor-derived factors include the lipid
mobilizing factor (LMF), proteolysis inducing factor (PIF),
anemia inducing substance (AIS) and toxohormone-L, the
activation of which lead to anorexia and metabolic alterations
and eventually to CC [9, 10].

MANAGEMENT OF CANCER CACHEXIA

The treatment goals when dealing with the CC syndrome
are mainly two. First, the reduction of anorexia which leads
to a simultaneous increase in food intake; and second, the
drug-induced regulation of the previously described meta-
bolic disturbances, especially restoring normal metabolism
of carbohydrates, lipids and liver proteins. There is no doubt
that the pivotal and possibly most successful treatment of
CC syndrome is management of the background cancer
itself. An effective treatment of the neoplastic disease might
significantly improve the accompanied disease-related
problems and consequences, including CC, though the anti-
cancer treatment itself might sometimes adversely affect
body weight and musculature in various ways, such as by
inducing gastrointestinal toxicity, increasing levels of
cytokines and deteriorating existing sarcopenia [11].

Numerous pharmaceutical agents aiming at different
molecular agents and levels of the pathogenesis of CC have
been studied over the past few decades. A high number of
phase lll clinical studies have been conducted with diffe-
rences in their design and primary endpoints (weight gain,
quality of life, survival) all these years. As we note below, for
such a complex medical problem as CC, multimodal
approach, addressing nutritional consultation and support,
exercise and combined pharmaceutical agents is likely the
most promising strategy, according to recent published
clinical studies [12]. The main categories of drugs tested in
clinical practice include appetite stimulants, anabolic agents,
anti-inflammatory agents, anti-cytokines and other novel
approaches. Of all these agents, some have provided
evidence of benefit and are used in clinical practice, some
failed to show efficacy and some are still under investigation
in clinical trials.

Appetite stimulants and orexigenic agents

A. Progesterone analogues: Of all therapeutic options
available at present, high quality evidence exist for the pro-
gesterone analogues megestrol acetate (MA] and medro-
xyprogesterone acetate (MPA] [13-15]. In the first rando-
mized, double-blind, placebo control study published by
Simons et al. in 1998, 54 patients with advanced solid tumors
and cancer cachexia received either medroxyprogesterone
acetate (MPA) 500 mg or placebo for 12 weeks. The authors
reported a significant increase in energy intake (p=0.003) and
fat mass (p=0.009) in favor of MPA, and a non-significant
increase in the fat-free mass and the REE (p=0.07) [13]. At
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the same time, a randomized double-blind study on cancer
patients with CC tested the efficacy of megestrol acetate (MA)
on appetite, food intake, body weight, performance status,
quality of life and other secondary parameters. Out of 42
patients recruited in the study, 33 were evaluable for efficacy
(17 MA, 16 placebo). The authors reported a significant im-
provement of the appetite on the MA arm as compared to
placebo (p=0.0064), whereas the other parameters did not
change significantly [16]. Since then, numerous studies have
explored the role of megestrol acetate on cancer cachexia,
which were reviewed in a recent meta-analysis for the
Cochrane Database of Systemic Reviews, and found that MA
improves appetite and weight gain but with no effect on the
quality of life [14]. Regarding the optimal dose of proge-
sterone analogues in cancer cachexia, there is insufficient
evidence (and therefore no absolute recommendation can
be offered), but possibly 320 mg of megestrol acetate might
be as effective as higher doses [17]. The most important
studies of progesterone analogues and steroids tested in
cancer cachexia are presented and listed in Table.

B. Steroids: There is some evidence suggesting benefit from
the use of steroids in individuals with cancer cachexia [18].
For example, the use of dexamethasone along with che-
motherapy in a small cohort of patients with lung cancer
resulted in reduced loss of appetite and weight (but no
increase from baseline), an effect not seen at the placebo
plus chemotherapy group [19]. When compared to mege-
strol acetate in a randomized study, dexamethasone was

Figure 1.

found equal in terms of efficacy but with more toxicities
observed in the dexamethasone arm (36% versus 25%,
p=0.03]) [20]. Considering the significant short- and long term
adverse effects of steroids, such as hyperglycemia, hyper-
tension, osteoporosis and, the hard to treat, steroid-induce
myopathy, one has to be particularly wise in their use.

C. Cannabinoids: use of 9-tetrahydrocannabinol (found in
marijuana) or cannabis extract has been associated with
weight gain and thus proposed as a treatment option of CC
syndrome. Despite initial positive reports, randomized
phase Il studies have failed to show any meaningful
improvement in patient appetite or quality of life [21, 22].

D. Ghrelin: ghrelin is a novel endogenous ligand (produced
in gastric P/D1 cells, pancreatic E cells, pituitary gland and
hypothalamus) which acts on its receptors, also known as
growth hormone secretagogue receptor (GHS-R), causing
secretion of growth hormone from the anterior pituitary and
stimulating both appetite and food intake. Preclinical data on
rats treated with continuous infusion of ghrelin showed
some improvement in food intake, body weight and lean
body mass. Nevertheless, data from early phase clinical
studies have shown that though the agent is safe and well-
tolerated, the efficacy results are equivocal [23, 24]. There-
fore, larger studies are required and until then this agent
has to be considered experimental.

Interestingly, the synthetic analogue RC-1291 (Anamorelin,
Sapphire Therapeutics, Bridgewater, NJ) which is a small

Pathophysiological basis of cancer cachexia. The syndrome is developed when reduced food intake (eft] is combined with
Increasing catabolism (right], therefore an energy imbalance is taking place.
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molecule GHS-R agonist was tested in a phase Il placebo
controlled clinical study and showed improvement in total
body mass and trend to improvement in lean mass. The
quality of life though between RC-1291 and placebo remain-
ed the same [25]. Similarly to ghrelin, this compound needs
further prospective testing.

Anti-cytokine and anti-inflammatory agents

Since inflamsmation has been postulated to play a role in the
development of CC, there are a few agents with anti-cyto-
kine and anti-inflamsnmatory properties tested in clinical trials.
Although early trial results were encouraging, most of the
agents failed to show a meaningful benefit in randomized
phase lll studies and have therefore not been granted
approval from health authorities. It is important though to
be aware of their therapeutic potential for future trials where
combinational strategies might be adopted.

A. Eicosapentaenoic acid (EPA] or w-3 fatty acids and N-3 fatty
acids have been proposed to have specific anti-cachectic
effects. In animals and in vitro models with CC, EPA adm-
inistration was able to induce attenuation of the proteolysis
inducing factor (PIF), a catabolic protein for skeletal muscle
which is considered a key protein in CC pathogenesis [26].
Despite results from some clinical trials and one systematic
review of published studies (including observational studies)
that indicated some clinical benefit from single agent EPA or
N-3 fatty acids in the treatment of CC, a Cochrane meta-

Figure 2.

analysis of randomized controlled studies failed to show
superiority of EPA over placebo [27-29]. Similarly, in the most
recent systematic review, by Ries et al,, on the role of fish all,
n-3-FA and EPA for the treatment of CC, the authors conclu-
ded that there is not enough or high quality evidence to sup-
port the use of these supplements in advanced cancer,
therefore the level of recommendation is low [30]. One should
admit the methodological problems that arise from the
studies included In these systematic reviews and meta-
analyses, as there are significant differences in the studied
populations and patient characteristics (pancreatic and upper
digestive tract cancer or all types of cancer, operated or not
patients, different doses of active treatment, placebo or not
arm etc ] along with the different endpoints (e.g. quality of life,
performance status, weight, body composition) The research
is ongoing and hopefully we will find a selected cancer patient
subpopulation that may really benefit from this approach,
either in the early or the advanced disease, as indicated in a
study on patients with operable esophageal cancer [31].

B. Pentoxifylline is a methylxanthine with tumor necrosis
factor (TNF) synthesis inhibitor properties. Based on pre-
clinical evidence that it reduces cytokine induced toxicity, it
was tested for the treatment of CC, but unfortunately despite
an initial pilot clinical study that showed some improvement
in the well-being of patients on this agent, the subsequent
randomized placebo control study did not demonstrate any
benefit of pentoxifylline over placebo [32, 33].

C. Thalidomide, an immunomodulatory, anti-inflammatory

Treatment options based on pathogenetic alterations. Red arrows point at the molecules or biological phenomena targeted by

various pharmaceutical agents.

UG S Pathogenesis of CC
NSAIDs Ghrelin
Pro aclic T T
i LMFs
o men oo
_-15, IL-1r=,
F"l‘llﬂﬂﬁ’WﬁﬂTFIF-y STNFR. IL-6r 7
S Metzbolic
alteralions

Megesterol
:ﬂ:fjh — »  Anorexia

[hm:htmid:/

"\‘/

June 2012



54 /| FCO /Management of cancer cachexia

Table.
Clinical studies of progesterone analogues and steroids used in the treatment of cancer cachexia.
Author, Year and TotalN  Cancer Intervention Dose (mg) Duration  Endpoints Results
Study design of pts type arms (N) 1. Weight

2. Appetite

3. Well-being /

QoL / 0S & other

Willox et al, 1984, 41 Various P(23) 15 3w 1. Weight 1. No difference
RCT placebo Placebo (18) 0 2. Appetite 2. Increased with P
crossover 3. Well being (p<0.001)

3. Increase (p<0.001)
Cuna et al, 1989, 403 Various M (203) 125 8w QoL Increase in QoL with M
RCT Placebo (196) 0 vs. Placebo (p<0.05)
Heckmayr etal, 1990, 40 Lung MA 20) 160 3-4m 1. Weight 1. Increased in 80% of pts
prospective non RCT MA 20) 480 2. Appetite in group A and 50%

3. Well being of ptsin group B
2. Increased in 80% of pts.
Dose independent
3.80% increased in

both groups
Loprinzi et al, 1993, 342 Various MA (88) 160 1. Weight 1. Greater increase
prospective RT (Gl+lung) MA (8¢) 480 2. Appetite in group of 800 vs.
MA (85) 800 3. Survival 160, 480,1280 (p=NS)
MA (83) 1280 2. Increased
3. No effect
Rowland et al, 1996, 252 Lung (SCLC)  CT+MA (122) CT +800 Lm 1. Weight 1. Weight gain with MA vs.

RCT CT +placebo (121)  CT+0 2. Appetite Placebo (p=0,04)
3.Side effects 2. Appetite increase with
MA vs. Placebo (p=003)
3. More TE with MA vs.
Placebo (p=0.01]

Gebbia et al, 1996, 122 Various MA (62) 160 30d 1. Weight 1. Increased (p=NS)
prospective RCT MA (60) 320 2. Appetite 2. Increased (p=NS)
Dose 3.PS 3.No change
escalation: if 4. Survival 4. No difference
no response 5. Toxicity 5. No difference
Bruera et al, 1998, 84 Various MA (84) 480 10d 1. Weight 1. No difference (p=NS)
RCT crossover (esp. lung] Placebo (84) 0 2. Appetite 2. Improved with MA

3. Well being vs. Pl (p=0.005)
3. Improved with MA

vs. Pl (p=0.027)
Loprinzi et al, 1999, 475 LungorGl  MA(158) 800 Lw 1. Weight 1. Higher with MA vs. D
RCT D (159) 3 2. Appetite vs. F (p=NS)
F(158) 20 3. Side effects 2. Increased with MA
and D [p=NS),

3. Higher with D
vs. MA except for DVT

Ulutin et al, 2002, 119 Lung MA (59) 160 12w 1. Weight 1. Improved with HD
RCT (NSCLC) MA (60) 320 2. Appetite vs. LD (p=0.0380)
3.PS 2. Improved (p=NS}

4. Survival 3. Improved (p=NS)
4. Not increased
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Tomiska et al, 2003, 2 Lung or Gl MA (1)

RCT MA (8]

Downer et al, 1992, 60 Various MPA (30)

RCT (esp. lung) Placebo (30)

Simons et al, 1996, 201 Various MPA (103]

RCT 134(6w)  (esp. lung) Placebo (103)
9(12w)

840 8w 1. Weight 1. Improved (p=NS)
480 with dose 2. Appetite 2. Improved (p=0.0001)
fitration to 840 3. QoL 3. QoL improved in 63%
if no effect of pts
300 mg bw 1. Weight 1. No change
0 2. Appetite 2. Increase with MPA
3.PS vs. PL(p=0.015)
3.No change
1000 12w 1. Weight 1. Gain >2.0 kg with MPA
0 2. Appetite vs. Pl (p=0.04)
3.QoL 2. Increased (p=NS)
3.No change

Abbreviations: CT, chemotherapy: d, days; D, dexamethasone; F, fluoxymesterone; GI, gastrointestinal; HD, high dose; LD, low dose; m, months;
M, methylprednisolone; MA, megestrol acetate; MPA, medroxyprogesterone acetate; NSCLC, non small cell lung cancer ; Pts, patients; NS, non significant;
P, prednisolone; PS, performance status; Pl placebo; QoL, quality of life; RCT, randomised controlled trial; SCLC, small cell lung cancer;

TE, thromboembolism; w, weeks

and anti-angiogenic agent, suppresses the production of TNF-
a and IL-6 levels. A randomized placebo controlled study on
pancreatic cancer patients has showed evidence of efficacy of
thalidomide in cancer cachexia, in terms of attenuating loss of
weight and arm muscle mass compared to placebo [34]. In
another small study on patients with advanced esophageal
cancer and cachexia, thalidomide reversed the weight loss
and in fact increased it slightly [35]. More data is definitely
needed regarding the actual benefit of thalidomide in cancer
cachexia, to justify routine use of this agent, which may be
associated with significant adverse effects.

Numerous other agents have been tested in cancer cachexia
syndrome, as single therapies in most cases, such as non
steroid anti-inflammatory drugs (NSAID) that inhibit cyclo-
oxygenase-2 (COX-2 inhibitors, e.g. celecoxib), drugs that
inhibit nitric oxide, TNF-a (infliximab) or proteasome
(bortezomib), peptide-nucleic acids (OHR118), insulin, olan-
zapine and mirtazapine. For few of them (celecoxib, insulin,
antidepressants, OHR118) [36-40] the preliminary results are
encouraging, while others have failed when tested pro-
spectively (bortezomib, infliximab) [41, 42]. In any case,
confirmatory testing on larger well-designed trials is
required to provide conclusive answers.

Experimental agents and future directions

Potential future therapeutic strategies are already under
development and include a wide variety of agents like
chimeric or monoclonal antibodies against inflammatory
cytokines, therapeutic cytokines (IL-15), anti-myostatin anti-
bodies, ubiquitin ligase and specific inhibitors of proteolysis
inducing factor (PIF), lipid mobilizing factor (LMF) and insulin
growth factor-1 (IGF-1) and selective androgen receptor
modulators (SARMs).

Targeting a sole molecule or specific abnormal pathway of
cancer cachexia pathogenesis seems unlikely to produce
the desired results. More promising effects are observed by
combinational approaches where more than one drugs are
tested together against various targets at once. For example,
a recent randomized phase Il study of five different arms
comparing progesterone analogue (arm 1) with pharmaco-
nutritional support containing EPA (arm 2J, L-carnitine (arm
3), thalidomide (arm 4) and the combination of all (arm 5),
showed that the combinational approach was the most effe-
ctive. In fact, the combination regimen increased signifi-
cantly, compared to other treatment arms, all endpoints
which included lean body weight and appetite while reduced
resting energy expenditure and fatigue [43]. In a similar
context, combination of oral supplements (EPA and essential
amino acids) with celecoxib and resistance training produced
favorable results in terms of anabolic skeletal muscle effect
in lung cancer patients with cancer cachexia [44]. Another
interesting approach in the treatment of CC is the combi-
nation of EPA with melatonin and aerobic exercise, the
efficacy of which might confirm the hypothesis that CC re-
quires a multimodal management (details for this ongoing
study can be found online, http://clinicaltrials.gov]).

Many more trials testing various combinations are in pro-
gress at present and the results might shed more light as to
which is the best way of tackling this common and deva-
stating syndrome.

CONCLUSION

It seems from the aforementioned data that little progress
has been made in the management of a very common
problem such as CC, despite the advances in understanding
its pathophysiology. The lack of headway is not surprising,
since the phenomenon of CC is based on very complex
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mechanisms and one should not expect improvements
using single agents or targeting single pathways. Another
possible explanation for the fact that most of the promising
agents tested in clinical trials failed to produce positive
results in systematic reviews or meta-analysis of rando-
mized studies, is methodological insufficiencies including
the differences in endpoints and doses used, the hete-
rogeneity of the studied populations as well as the fact that
CC is directly related to the background neoplasia, which

ultimately affects the outcomes of the disease-associated
problems. Therefore, in the future, a combination of appe-
tite-improving agents with others that reduce metabolic
disorders and inflammation and possibly with cancer-
directed treatment is more likely to produce positive results.
Until then, researchers and clinicians have to work together
in order to encourage patients to participate in experimental
treatments, as no standard intervention exists at present,
with the exception of progesterone analogues.
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ABSTRACT

Background: Those who become active caregivers out of their simple need to be included in
their loved ones’ experience may act as a force in the support and sustenance of the person
with cancer. Apart from family members, individuals “considered as family” by the patient may
actively participate in the patient's cancer journey. The purpose of this clinical review is to raise
clinician awareness on the multiple responsibilities assumed and the impact of active
caregiving experienced by informal carers of patients with cancer, also offering a number of
practical suggestions to promote person-centred support.

Patients & Methods: An electronic search for original and review articles published between
January 1990 and July 2011 in three research and evidence databases (MedLine, CINAHL,
EMBASE) was carried out using the terms “caregiver” and “cancer”.

Results: Informal caregivers are often required to assume numerous roles and make changes
in their lives until they find themselves striving to balance a host of responsibilities. By being
practically and emotionally involved, however, caregivers’ own lives can be affected, sometimes
overwhelmingly. The physical, emotional, social, and financial stress that caregivers can face
in this role may result in the neglect of their own needs, adversely affecting their quality of life.

Conclusions: Research-driven support interventions such as peer support groups or
psychological/emotional therapy, as well as honest, open and personalised communication
with health care professionals and ongoing assessment of their needs can be of utmost
importance in supporting those who contribute the most to the patients’ cancer journey.

Key words: informal carer; cancer; caregiver roles; caregiving impact; burden; caregiver
support.

INTRODUCTION

People diagnosed with a curable cancer may
have a transitory care requirement, often
before, during and immediately after treat-
ment, whereas those for whom prognosis is
less favourable may require long-term
palliative care. Whatever the case may be, in
their majority people with cancer will rely on
families and friends for help and support [1],

cancer. This can be a potentially rewarding
experience for the caregiver [5], but mainly a
meaningful action to the patient. By providing
actual and ongoing care for essential daily
tasks to be undertaken and for an acceptable
quality of life to be achieved [1], these key
holders can play an important part in a pa-
tient's ability to respond to and cope with the
challenges of living with cancer [2].

perhaps over an extended period of time.
Regardless of its nature, support provided by
persons considered by the patient as signi-
ficant -often recognised by health profes-
sionals as their “informal caregivers’- has
been found to be equally or more beneficial
than support derived from other sources [2,
3]. Those who become active caregivers out
of their simple need to be included in their
loved ones’ experience [4] may act as a force
in the support and survival of the person with

From the health system’s perspective, the
expectation and prevalence of caregiving in
significant others is also high. As social wel-
fare costs rise in many nations and medical
management of cancer becomes more com-
plex, there are increasing obligations placed on
individuals close to the ill person to undertake
caregiving responsibilities [6] and deal with
extensive coordination of care [7]. Moreover,
recent changes in health policy [8] such as
shifting the balance of care from hospitals to
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the community, coupled with a shortage of health care
providers [9] and a reduction in the length of hospital stay [10]
have further impacted on the roles and responsibilities of the-
se persons in providing primary and ongoing care at home
[11-13]. In fact, the use of outpatient-based cancer treatment
means that it is often family members, partners, or friends
who provide daily support to the person with cancer, rather
than healthcare professionals [14]. According to reports from
several organisations for caregivers, over 100 million people
in Europe, Australia, and the United States provide care on an
unpaid basis for a relative, friend or neighbour in need of
support due to old age, disability, frailty or illness [15-20]. By
providing approximately 80% of care hours [17], informal
caregivers save the world's economy at least €500 billion a
year [15, 18-20], and economic considerations form a key
element in government policy to support such individuals [15].

Current policy encourages health care professionals to work
in partnership with informal caregivers [8]. In order for this
cooperation to be effective, an understanding of the signi-
ficance of the roles caregivers fulfil is required along with
recognition of the impact said roles can have on their lives.
Therefore, the purpose of this clinical review was to raise
clinician awareness on the multiple responsibilities assum-
ed and the impact of active caregiving experienced by infor-
mal carers of patients with cancer, also offering a number
of practical suggestions to promote person-centred support.

BALANCING A HOST OF ROLES AND TASKS

What the existing literature signals is that what caregivers
do as individuals and/or as part of caregiver networks can
make an essential contribution to the patient's “care
package” and that patients” well-being can be profoundly
affected by the quality of the informal care they receive [21].
This implies that caregivers can be construed as the “co-
caregivers” of formal health care providers [21]. However,
Thomas & Morris [21] pose a core gquestion: ‘what is the
informal caregiver role and how does it contribute to the care
of the patient with cancer?” Current knowledge or under-
standing about what informal caregiving actually involves in
cancer contexts, and about the difference that this makes to
the overall health care endeavour is based on limited
information derived from a few studies. In general, care may
be organised into numerous dimensions each possibly
consisting of several specific tasks and processes as outlined
in the Figure [4, 22-29]. Moreover, it has been suggested that
informal caregiving roles and responsibilities:

B may occur in relation to the health transition experienced
by the ill person during treatment [22];

B may not necessarily be linear through predictable stages
of development; rather they may be fluid and ever
changing [22];

m deserve a wider rather than an individualistic focus as care
is an area in which both the ill person and the caregiver
participate [22];

B may be novel and never before undertaken [26];

B may be interchangeable, negotiated and adopted as
necessary [4, 30]; and

m may depend on the specific moment, setting or patient
need [22].

Nonetheless, evidence regarding caregiving roles is confined
in terms of generalisability and is inconsistent with regard to
type of cancer, stage of disease, phase in the cancer expe-
rience, or setting. For instance, it is unclear whether diffe-
rences in roles assumed are influenced more by the type or
stage of the disease, or by who the caregiver might be (family
versus non-family member; spouse versus child), whether
caregiving tasks are driven more by patient need (caregiving
“on demand”) or by caregiver attitude towards provision of
care, or how (or if) they develop across time, cultures, or so-
cioeconomic status. In that sense, evidence is largely incon-
clusive and the wide variation in the expression of caregiving
tasks remains to be captured. Whereas caregiving might
become more significant during periods when patients are in
receipt of medical treatments and/or are at later critical
moments in the cancer experience [24], what tasks might be
involved in different phases have not been explored. Similarly,
due to the cross-sectional nature of most studies, a
description of transformations or fluctuations in the caregiving
tasks across time or across health transitions is practically
inexistent. Wagner et al. [26] aimed at exploring caregiving
responsibilities of husbands of women with breast cancer
during active treatment and one year later. Between time
points, comparisons indicated relatively stable levels of
assistance with daily living activities, despite opposite
expectations. Sadly, the specific reasons for this trend were
not inquired or explored, thus only hypotheses can be made
including the potential impact of disease stage or treatment
on women'’s functioning one year after treatment. However,
additional latent reasons may remain unexplained.

On the other hand, the aforementioned broad role catego-
risation, albeit basically useful, seems too simplistic to depict
the array of caregiving tasks, and might imply that care-
giving roles are confined only to those that happen to fall into
these specific categories, or should be similar in every
individual case. One explanation of this wide array of care
tasks might be that the majority of patients were more
physically impaired and in greater need of support. It can be
hypothesized that in the case of patients who might rely
more on self-care, caregiving roles might be more limited
or even focused on some areas rather than others. Yet, this
remains to be established. According to some findings,
husbands of women with breast cancer might provide less
assistance with more intimate activities such as bathing,
toileting, or eating [26]. Still, whether this is a purely gender-
or age-related behaviour needs to be confirmed. An
important association implied is that caregiving tasks might
fluctuate according to the amount of shared involvement of
patient and caregiver in the former's care [22]. In other
words, what might be important is not only the possible
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Figure.

Roles and tasks potentially undertaken by individuals providing informal care for people with cancer.
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range of caregiving tasks, but how these tasks fit in each
patient-caregiver situation, depending on patients’ varying
needs and abilities in different time-points, as well as
caregivers’ capacity to respond to these needs. Studies
involving dyads of patients and caregivers can be of
particular importance in characterising the dynamics of such
interactive processes.

Given the diversity of the caregiving demands, it is equally
reasonable to claim that caregivers themselves will possess
different skills, capabilities and preferences when performing
the different caregiving tasks [1], which to a great extent are
influenced or mediated by several endogenous (individual-
related) and exogenous (environment-related) factors. In
addition, it should be recognized that not all people assume a
supportive role in the event of a cancer diagnosis among their
loved ones. Becoming a caregiver has been described as an
equally demanding process as providing actual care [23], and
it has been described as role tuning involving engagement,
negotiation, and settling of roles between caregiver and care

recipient [31]. Age, gender, cultural background, societal
beliefs, ethnicity, socioeconomic status, educational level, type
of personality, coping style, personal health, as well as family
dynamics, quality of relationships, and over time adjustment
to cancer diagnosis and illness stage [6, 32-36] may work
together as integral factors in predicting a person’s invol-
vement in caregiving, the extent of associated tasks, and
finally their reaction to this demanding role. Along these lines,
Fletcher et al [37] urged the need for development and
research in areas such as caregiver physical health, culture,
and socioeconomic status to enhance conceptualisation of
caregiving in the context of cancer.

“I AM ONLY HUMAN": SUFFERING DURING CAREGIVING

Itis now recognised that patients’ illness experiences cannot
be understood as individualised phenomena [35, 38]. A
serious illness carries with it a host of physical, psycho-
logical and social consequences for everyone close to theill
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person [21]; especially those individuals who assume the
short- or long-term role of the caregiver are impacted the
most. When cancer becomes a reality, spouses, partners,
other family members and friends may actively participate
in shaping the cancer experience, and also share this
experience. However, the practical and emotional invol-
vement in patients’ cancer journeys often affects caregivers'
own lives [39]. Among others, caregivers may be forced to
make changes in their own lives, take on new roles and
responsibilities, or give up past activities [26]. These life
changes can be viewed as commonalities or stressors,
which can create burden and strain, especially when
extremely high physical and emotional demands are placed
on caregivers [11]. It is generally agreed that the concept of
caregiver burden has both objective and subjective
dimensions [6]. Objective burden can be seen as the effort
required to attend to the needs of an ill person. Thus, it may
include the amount of time spent in caregiving, the type of
caregiving services provided, and financial resources
expended on behalf of the "dependent” person [34, 40, 41],
which can have economic implications, as well as a perso-
nal and social impact [42]. On the other hand, subjective
burden consists of the beliefs, assumptions, and feelings
with regard to the caregiver role. Studies in the context of
cancer care have included such elements as the extent to
which caregiving causes strain with regard to work produ-
ctivity, finances, physical well-being, family relationships and
social life, or emotional distress associated with caregiving
[6, 35, 43-45].

The physical, emotional, social, and financial stress that
caregivers can face in this role may result in the neglect of
their individual needs [15, 42, 45], whereas a diminished
immune response may increase their susceptibility to
physical illness and infection. Where caregiving is intense,
providing round-the-clock care can also leave a caregiver
feeling exhausted with little opportunity to socialise and
engage in social pursuits [36]. This may not only create
social stress as caregivers fail to meet other obligations
beyond the patient, such as work and other family responsi-
bilities, but also a sense of isolation. Often informal care-
givers face continual and concurrent challenges: apart from
caring for the ill person, they at the same time have to meet
family responsibilities, work commitments, and household
duties [36]. A feeling that care is never enough might
emerge, whereas daily priorities may be continually juggled
within narrow time limits [15].

Caregivers may be more likely to report anxiety, depression,
loss of confidence and self-esteem than non-caregivers [46].
Current hypotheses suggest that patients with cancer and
their informal caregivers react to cancer as a single emo-
tional system [47, 48]. Based on this assumption there may
be a significant reciprocal relationship between each
person’s response to the illness, with caregivers often
reporting similar [49, 50] or greater [51] emotional distress,
anxiety, or depression than patients do. The risk of psycho-

logical distress may increase both with the intensity and the
duration of caregiving [15]. Some studies report that
caregivers’ psychological distress reduces over time after
diagnosis [52], but others suggest it increases and becomes
prolonged [7, 53, 54]. The latter might be the case for
caregivers who disregard their own problems in order to
focus exclusively on fulfilling patients’ needs; however, this
is only one of several possible explanations. Distress,
anxiety and anger may be experienced while patients’
symptoms manifest; appearance changes; and functioning
declines [36]. The ongoing emotional distress may be part of
a cascading process that may lead caregivers to dishear-
tenment and exhaustion [55]. Along these lines, caregivers
may be less likely than patients to disclose their concerns
and worries, and up to only half of those with serious psy-
chological problems may actively seek help [33]. Similarly,
caregivers’ family and social well-being might become
affected, especially in relation to talking about the illness;
dealing with deficits in sexual well-being; changing roles
and assuming new responsibilities; as well as maintaining
support systems [9]. Difficulty communicating their feelings
and negotiating their roles can hinder patients” and care-
givers’ ability to support one another and decrease intimacy
within the dyad [56]. In addition, cultural and societal beliefs
about cancer may pose additional burdens on both patients
and caregivers [42,57]. Belief in the inevitability of death once
cancer is diagnosed can lead to an early withdrawal from
life. This fatalistic or deterministic view of cancer can lead to
inactivity [42]. As a result, anger and resentment may arise
when, despite the caregiver’s efforts, the patient is giving up.
Caregivers of patients with cancer may also experience a
decline in their physical well-being [9, 58]. Notably, care-
givers may be more than twice as likely to suffer from poor
health compared to people without caring responsibilities
[16]. Although caregivers’ health status is initially similar to
that of the normal population, they often report more
problems with fatigue, sleep disturbances, and impaired
cognitive function than non-caregivers [49]. Over time, as
caregiver burden and strain increase, caregivers' physical
well-being might be at stake including -while not limited to-
possible reasons such as little time to rest; engagement in
fewer self-care behaviours (e.g. physical activity); poor
dietary habits; or failure to seek medical care for themselves
when sick [9, 45, 53]. Indeed, relevant research suggests
that, as a direct result to new caregiving tasks, an increase
in alcohol consumption and smoking; sleep deprivation; lack
of exercise; and infrequent use of preventive health services
may be noted [45, 59]. A considerable proportion of informal
caregivers have chronic health problems of their own, such
as excessive body weight, heart disease, hypertension, and
arthritis [9], and these health problems can be exacerbated
by the stress of caregiving [34]. Presence or worsening of
pre-existing symptoms, as well as the development of new
ones may interfere with caregivers’ ability to assume roles
and/or fulfill those already assumed. Furthermore, adjust-
ments caregivers may be forced to make in their way of life
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[60] can result in added strain on their physical well-being.
Eventually, both unrelieved symptoms and ongoing de-
mands of caregiving may adversely affect both their
functional status and quality of life [7].

Is this evidence enough to exhaustively describe the impact
caregiving has on persons in caregiving roles? Given the
methodological limitations of studies conducted thus far, the
most probable answer is no, which subsequently renders
additional questions unavoidable. What precipitating (e.g.
blood relationship, hours of caregiving, number of roles, co-
habitation etc.) or protective (e.g. coping strategies, rela-
tionship quality etc) factors predict or mediate prediction of
levels of perceived burden? For instance, what is the impact
of cultural caregiving demands on caregiver burden? And
then, how closely inter-related patient-specific and care-
giver-specific factors affect caregiver burden? Moreover, how
do predictors of caregiver burden change over time as
changes occur in a patient's condition or as caregivers adapt
or become fatigued? On the other hand, what are the diffe-
rences in levels of caregiver burden in different caregiving
situations as determined by type or stage of cancer; setting of
care provision (hospital or home); treatment modality; or
changes in stereotypically assumed roles? Notably, what is
the inter-related impact of increased burden on caregiver and
patient health variables over time and across joint transi-
tions? Studies implementing a dyadic approach [37], drawing
on a multiple-measures design across major transitions,
using an adequate sampling methodology to recruit repre-
sentative samples of our multi-cultural, multi-caregiving
society, and assessing multiple facets of burden could prove
to be helpful towards clarification of these issues.

IMPLICATIONS FOR CLINICAL PRACTICE

Nowadays, caregivers are not only legitimised as persons
affected by cancer in profound ways, but also construed as
actual or potential "co-users” of health services in addition
to being “co-caregivers” [21]. Key cancer service policy docu-
ments [61, 62] reflect this acceptance, acknowledging the
presence of these ‘significant others’ and legitimising their
interests as service users alongside patients: "Patients,
families and carers need access to support from the time
that the cancer is first suspected through to death and into
bereavement” (p. 62) [62]. In practice, however, health care
professionals only rarely pay attention to the situation of
informal caregivers, to the extent that they may feel
neglected by the health care system [63]. Although informal
caregivers constitute a vulnerable population, often their
needs may not be adequately addressed, and resources to
assist them may be extremely limited and fragmented [42].

There is a need for informal caregivers to be recognised as
“care recipients” in their own right, and their right to having
their own support acknowledged [36, 42]. Given their docu-
mented general lack of preparation to respond to the
demands of providing informal care [64], more and better
resources and emotional support for caregivers are of the

utmost importance. Availability of sufficient resources,
acknowledgement of their burden, and active engagement in
social roles can lead to more positive perspectives on
caregiving [42]. Within hospital clinics, participation in small
informal groups can offer caregivers the opportunity to
discuss and validate their experiences and feelings with
similarly affected individuals [36]. Moreover, education
sessions and individualised training for family and friends
could very well assist those caring for a person with cancer
to develop their skills, enhance their self-efficacy, and
increase their understanding of the situation they are in [36,
65]. In the home setting, provision of non-clinical social
support services [66] or clinical community nursing services
[36], or participation in computer-mediated interactive social
support groups [67] may be beneficial towards caregiver
reassurance and emotional and practical support. Informal
family conferences can offer the opportunity for caregivers to
assess their responsibilities and jointly plan their actions [68].
When palliative and end-of-life care is required, dyadic
emotional and psychological interventions [69], as well as
the support services of a hospice may be vital in relieving
caregivers from their physically demanding and emotionally
exhausting responsibilities [36, 70].

Even individually, health care professionals can make a
significant difference in caregivers' lives by being present and
by actively engaging in caregiver support [36, 70, 71]. With
caregivers being in a constant pursuit for information across
all stages of their indirect illness experience, honest, open
and personalised communication is the cornerstone of a
supportive relationship [36, 72]. Health care professionals
should always consider the needs of informal caregivers as
they develop and change. Careful evaluation and re-
evaluation of caregiver experiences is vital in ensuring that
mounting burden is assessed and interventions are provided
in a timely manner. For instance, in many cultures caregivers
may be reluctant to seek help or accept assistance provided
by health care services outside the family [36]. Caregiver
willingness to reach out and accept help from others may be
a significant factor to mediate caregiver experiences [73].
Health care professionals are expected to show respect and
support such choices, but also encourage caregivers to
request assistance from “support persons” such as other
family members or friends, or from health care services
whenever they feel overwhelmed in their roles [72].

A holistic understanding of the caregiver's unique situation,
views, and desired outcomes can enable limited resources
to be targeted appropriately [42]. Caregivers may suffer in
silence. Some may have difficulty accepting the diagnosis of
cancer, whereas others may feel guilt or being punished, or
even question their purpose in life in the face of a life-
threatening illness in their loved one [74, 75]. Strategies
caregivers of people with cancer may employ to help them
cope in their role can predict their ability to survive the
challenges they face. Positive coping styles such as
problem-solving deserve reinforcement; whereas negative
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strategies such as avoidance or denial require attention and
intervention to avoid interference with caregivers’ psycho-
logical well-being [13]. For a significant part of informal
caregivers, being present with the patient can be seen as an
irreplaceable means towards fulfilling their role, or
achieving a personal connection that will help us cope with
the anticipatory grief they experience [36, 70, 76]. Especially
in the hospital setting, those who are denied this "healing
presence’ may perceive it as a sense of personal failure,
which can add to their emotional burden. Informal care-
givers rely on what they perceive as "meaningful actions” to
endure potentially distressing experiences in this role. If this
motivation source is depleted, caregivers may question their
contribution and become frustrated or withdraw. Ongoing
assessment and consideration of psychological and cogni-
tive interventions can be useful in supporting individuals in
need [36, 77]. Apart from being aware of and open to such
reactions or beliefs, health care professionals should also
act towards making time and space for informal caregivers
to accompany patients, and find a meaningful way to share
in the patients’ cancer journey.

Finally, significant transitions in the caregiving experience
need to be addressed and evaluated in a rigorous prospe-
ctive manner. Caregiver transitions encompass not only the
patient's phases of illness, but also the daily adjustments
made by significant others in response to the patient's needs
[42]. During transitional times, the presence of health care
professionals can encourage and support caregivers to
continue functioning [36], thus supporting the whole patient-
caregiver dyad. Seen in the context of a whole-systems

framework that allows interpersonal relationships to be
understood [12], caregiver experiences can be addressed in
conjunction to the patients’ responses to their joint illness
journey. In that sense, implementation of a dyadic approach,
where both the patient and the caregiver are seen as the
core of one unit in which they share the same challenges,
can lead to improving supportive interventions for those
affected by cancer.

CONCLUSIONS

Be they spouses, partners, siblings, children, or friends,
informal caregivers not only unconditionally invest an
immeasurable amount of energy in caring for their loved
ones with cancer [36], but also greatly contribute to the
sustainability of the health care system in general. When,
however, caregivers feel overwhelmed in their roles, both
their and patients’ needs may become hampered, and their
well-being as a dyad may be threatened. The least health
care professionals can offer in turn to this “caregiving force”
is acknowledgement of their rights and needs, adequate
assistance in their tasks, and effective, tailored support and
respite services when -but preferably before- their expe-
riences become difficult to handle.
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Dr. Kappas has written a very thoughtful
overview of the importance of clinical practice
guidelines (CPG), including the methodology
of CPG developments, accompanied by an
update, potential pitfalls and benefits, as well
as drawbacks of CPG application.

Looking at the etymology of the word “guide-
lines”, it becomes obvious that CPGs are meant
to assist (guide) clinical decision making, not
substitute it. This immediately implies that
clinical judgment is, of course, included in the
process of treatment planning.

Therefore, guidelines are neither restrictive of
nor a substitute for good clinicians. However,
guidelines are meant to be considered in all
decisions and should serve as the framework
within which one acts, usually after confirm-
ing that such therapeutic action is appropriate
for the patient in question. And because of
how they are developed, they should apply to
most cases, so that deviation should be
necessary as an exception, rather than as a
rule; that is to say, if deviation is routinely
necessary, then there is either a problem with
the guideline itself or a problem with the parti-
cular physician and/or his patient population,

the latter being different than that of the guide-
lines in one or more ways (i.e. culturally,
reli-giously, financially, etc ).

In other words, guidelines are meant to "guide”
clinicians in their decisions and should apply in
most cases, but also allow for occasional, cli-
nically appropriate deviations.

The other significant role of guidelines is to
serve as a measure for quality control. If at
such a quality evaluation, a clinician discovers
frequent deviations from guidelines, he or she
should consider it a reason for re-evaluation
of his/her practice habits.

In summary, the debate regarding CPGs is
false. In clinical practice, there will -by defi-
nition- be deviations from CPGs and that is
why they are called "guidelines” instead of
“laws” or “rules”. However, evaluations of the
frequency and quality of CPG deviations
should serve as a measure of the quality of
the services provided to patients. For this pur-
pose, the acceptable threshold of deviations
(in % of clinical decisions) should be defined,
and the parameters (age, comorbidity, patient
wishes, etc.) that may necessitate such devi-
ations should also be accounted for.
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TYNONTIKH MEPIAHWH TON XAPAKTHPIZTIKON TOY MPOONTOE. 1. ONOMAEIA TOY OAPMAKEYTIKOY MPOIONTOE: YERVOY 5 mg/ml mukvd Sid\ua yia napaokeu
Stahdparog mpog éyuon). 2. NOIOTIKH KAI MOZOTIKH EYNGEEH: Kdf ml mukvoi diakoyatog mepiéxet S mg ipilimumab. Eva giakidio twv 10 ml nepiéxet 50 mg ipilimumab. Eva
@laNidio T 40 ml meptéyet 200 mg ipilimumab. To ipilimumab eivat éva mvipwg avBpimvo avrt CTLA4 povokhwviko aviowpa (IgG1K) mov mapdyetat o¢ kuTtapa woBnkav Klvs(mou
KpIKNTOD e Teyvohoyia nvaowﬁuuausvou DNA. 4. KAINIKEZ MAHPOOOPIEL: 4.1 Oepancutikéq evdeifeic: To VERVOV evbeikvurat yia T Bepaneia Tov

€ Mpoxwpnévo peddvwpa mou éhaBav YERVOY 3 mg/kg (n = 767)°

Nowwéeic kai ma, ﬂulﬂl’azl(
0x1 0URVEC onyaipia’, onmake katanngie?, pwiyyiuia, yaorp A uda, oupohoi
QVAMVEVOTIKOD 0UOTH LLATOC, )\Oluﬂ)g ToU K(“U”EEDU uVﬂ"V{UU“KDU 0ouoT! u(lIO(

Mivakag 2: AvemBupnTe evépyeie o aoBevei

&N, Moijwén Tou avitepou

1 it ae evnhikoug mou éyouv ABet mponyouyievn Bepaneia. 4.3 fa o Spaoik) ousia 1 o€ kdmoto a6 Ta
ékdoya. 4.4 r.lull(i( domoujoei kat mpoguldger katd ™ xpron: To YERVOY a)(m(zml e Qheypovadeg uvzmi)upqrs( uvnfxpauil( TIoU TpOKUMTOUV and auénpévn i
EKTETayéVN SpaoTnpIdTTa Tou o avribpdaeig mov ouvdéovrat i To avooomomnTikd) Kat mBavov oxeriCovtat e To pyaviopd Spdong Tov. AvemBijnteg

avubpdaeic rov ouvBEovIat e To avooorourikG 1ov imopei v efvat uoBups( 1 anehnikéc yia m {wij, eivat mbav va 0ujmeUaUBavOLY YAOTPEVIEDIKES, NOTIKES, BEpATKEC,
Yikéc i M opy JHdTwv. Evd avuidpdoelc JKav Katd Ty mepiodo

Enaywyic éxel snmn( avagepBei exdnhwon piveg petd amo my Ia)\sumla oon 100 VERVOY. Ektoc av mpoadiopiotei Bm(popmm nmo)\oym n Bmppmu 1) auénpévn ouyvotTa
KeVWOEW, 0 aiyia ota kompava, ot auéfioeig LFT, to sEaanuu Katn 6eta mpémetva BewpnBoly 5€1C K va suvdéovtat e To YERVOY. H mpdon Sidyvwon kain
Katdnhn Slayeipton efvat fteq yia T ehay OV yia ) (Wi EmmoKay. Zumnumlm zlauvmvn uwn)\mv Boasmv Kopnkomposlémv pe 1 Ywpic
emmmpoodetn avuuommma)mkn Bepaneia zlvm mbavova unau‘qul Yla Ty aviipetdmon ooBapiv p 13 Edikéq yiato
YERVOY fiPIEC YPAYMEC Y1a TV QVTIj Gogwv mou uwﬁsav‘ml 1€ TO avogoTouTIKG Meplypdepovtal mapakdw. [aotpeviepikéc avudpdaeic mou
ouvBovtat e To avosomouryikd: To YERVOY uxm(sml 3 on[iapsg YaOTPEVTEPIKEC VTIBPATEIC Mo GUVGEoVTal e To avooomomnTIKo. Bavatngdpa mepiotatikd Aoyw Sidpnang Tov
vumpmzplmu awhiva égou uvamzpesl ¢ Khviké dokiyiéc (BAéme mapaypago 4.8). Ze aoBeveic mov éhaBav povoBepaneia pe YERVOY 3 mg/kg o€ jua pehétn mpoxwpnpévou (un
1 Odong 3 (MDX01020, BAéme mapdypago 5.1) o Gidpiedog xpovog éwg T exdiAwon ooPapiv 1 Bavatgdpwy (Babpov 35)

vumpmzpu(mv avnﬁpuozmv Tou uwﬁzuv‘ml peTo uvuoonmmu«) fitav 8 eBdopddec (edpog 5 éw 13 epdopddec) amd v apyr g Bepaneiac. Me KateuBuvTrpleq ypaypég yia Ty
n prion (opiCetat we Betiwon o€ fima [Babyuod 111 hiydtepo i ot coPapdnta katd v évapén) upavioTnke oTig MEPIOOGTEPEC

TlEpInT(dGEI( (90%) 13 émusoo Xpovo ano my skﬁr])\man 0TV umoxwpnon 4 epdopddec (edpog 0,6 & éug 22 pbopadec). Ot aoBeveic mpémet va mapakohouBolvtat yia yaotpeviepikd
onjeia kat oupMTGyaTa Mov €ivat mBavo va Gowv kohitida Oiev) i 0 Yukd 1} Sidtpnon Tou yaotpevtepikod owhiva. Ftny kKA tova eivat mav va
oupmepthapBavetal didppota, au§nyéun suyvoTITa evTEPIKGY Kivijoewv, kothiako dhyog rj anatoyeoia, pe i wpic mupeto. Aidppota f koNitida mov eppaviCetat petd amo Ty évapén
Tov YERVOY mpénet va adlohoyeftat éykatpa yta tov amokdetopd Aotuadoug i ahng evaMaktiki¢ armohoyiag. Ze kAwikéq Sokipéc, koNtiba oxetilopievn jie To avooomounTikd
OUOYETioTnKe e aTolyeia pAeypovrig Tou Bevvoydvou, e i xwpi eEAKMOEIC Kat eppokuTTapiki} Kat oudetepogihiki) Sui6non. Zuotdoeic yia Ty aviipetdmon e Sidppotag A g
Kohimibac BaciCovtar oty Baputnta Twv oupmwpdtay (o0pgwva e v Tadivopnon e Babporoynong e Paputntag katd NCICTCAE v3). AoBeveic e fjma éwg pétpla (BaBoo 11 2)
Siappota (avénon éwg 6 kevioeig TV népa) 1 mbavohoyodewn fima éwg pétpia kohinda (my. kothiako dAyog 1j aiyia ota kompava), eivat mBavd va mapapeivouv oto YERVOY.
Tuviotdrat oupmwpaTiki Bepaneia (m.y. Aomepapion, umokatdaTaon uyp@v) kat mPooeKTIKH mapakohobBnan. Edv Ta fma w PETpla OUMTOHATA UTOTpOMIATOLY T} EMYIENVOUY Yia
57 nyépec, n mpoyp éun 600 Tou YERVOY B mpémet va mapaheinerar kat 6a mpénetva Sexwvijoel Bepancia e Koptikootepoetdiy (m.y. mpedvilovn 1 mg/kg and 1o otoya nag
nuspnclm( 1) 10080vayio). Eav nupouulumzl unoywpnon o¢ BaBud 011} ematpogi oty svupfn, 70 YERVOY ymopei va §avapyioet oty endpievn mpoypaypatiopévn doon. Adoeig mov
Moyo P Oevmpénetva I (Bhéme mapdypago 4.2). To YERVOY mpénet va Slakometat optotikd oe aoBeveic pe copapr (Babyiol 3

Neomhdopara kahorifn, kakorjén kat pn kaBopiopéva (mepihapBdvovtat KhoTeLC Kat MoAUTOSEC)
Suyvéc movog and oyko

01 ouyvéC napaveonhaopatiko odvépopo

Aiatapay£q ToU ApomoINTIKOU Kai ToU AEUQIKOY CUGTHHATON
Zuyvé avaia, epgonevia
0y ouyvé ayohvtiki) avaipia®, BpouBomevia, nwowogihia, ovdeteponevia

Awarapayéc Tou avooomoTIKOU GUOTHUATON
[ quvz unsgcuamsnum
5

Awarapayéc Tov petaBoAiopou Kat g Bpéyng
Mo\ ouyvég v 0pEn

JuvéC aguddtwon, umokahaipia
01 ouyvé unovatplayia, akahwon, unogwopopaipia, sivSpopo Aong dykou

KU (D (] —

Yuxarpikéc Srarapayé

Zuyvés OUYXVTIKA KATA0TAO!

01 ouyVé ETaBoléC TG vonTIKi¢ katdotaong, kataBMyn, EwpEVN yeveTola opun

Awarapayéc Tou veupikou oot luatoc
JuyvéC neplpepiki) aoBnuikr vevpondbeta, (ahn ngu)\u)\ylu )\geagyo

‘0x1 ouxvég o0v8poio Guillain-Barré™, guykor, kpaviakr
Lwkhwvog, SuoapBpia

0 0idnua,

atagia, Tpopoc,

0@Bahpikéc Srarapayéc

JUXVEC Qapr 6paon, movog Tou 0@Baduol
0xt ouxVEQ payoetdinida’, aoppayia tov Boug smparoc, 1pinda, pewwpévn otk o€tnta, aioBnya Evou owpatog oToug

0pBahoig, emmegukitida

] 4) Sidppota 1} kohinida (B)\mz Tapdypao 4.2) kat mpémet va §exvijoet apéowg upnhic oong evbophépia Bepaneia pie koptikootepoetdi). (Ze KVIKES Sokipié éxet
peBumpeduilohon 2 mg/kg/pépa). Otav ehéyxetat n didppota kat dhha oupmtpata, 0 évapén Babpuaiac peiwong Kat dlakomic Twy KoptikooTepoeldwv mpénet va Paviletal oe
KAk} anogaon. Ze khikéq Sokipé, n tayeia PaBuaia peiwon kat Slaxom (oe Staotipara < 1 prva) odrynoe oty unotpom mg idppota f ¢ kohitidag o opiopévoug aoBevei.
Ot aoBeveic mpénet va aElo)\ayouwm yia atoiyela didtpnang Tov yaotpevtepikod owhiva f nepriovindag. H eumepla ano Khwiké Sokég ayetd i Ty avayeramion didppotag
avBeKTIKrC 0 51} ) kohiTidag efvat én. Qoto00, lval 5uvumvvulr|gu6aunoq)nn po Biikn ,.upuvum 010 0yHa e
P0ELdI}. Ze KAVIKEC BOKIpé, Tp ke pdma€ oo infliximab 5 mg/kg, extog edv i Tpémetva { yettat didapnon
o0 Yaotpevtepikol owiva i onpauia (BAéme Ty ﬂzpl)\nwn Xupampmmmv Tov Mpoidvrog yia 10 mﬂmmab) Hratotogikdrta mou ouvdéetat pe To avooomontikd: To YERVOY
oxeriCetat pe ooBapn natotoSikomTa Optevn e 10 (pOp nmmkn uvanupmu el uvmpzpﬂal 3 K}uvu(z( 60Kl|.|z( (Bhéne nupaypamc 4.8). Z¢ aoBeveic
Tiou éhapav uovoﬂzpunzla Jie YERVOY 3 mg/kg oty MDX01020, 0 xpovoc hqul zkén)\mcn JéTplac éug aoBapq(n 193p B 25)n o ouvdéetat ie 1o
uvouonomnko Kupavene ano 3 éwg 9 pdopddeq and mv Evup{n e Szpunzm( Me kateubuvripieg ypauuecyla TV avTIETdmon uxmlouavx( e To mpuwrdkohho, 0 Xpovog éwg TV
unoypnon kupdvenke and 0,7 éwg 2 zBﬁouuéz( 0 nnum(z( TpavaapIvaceg kat 1 yohepuBpivn npzwzl va aglohoyolvrar mpwv and kade Soan Tou YERVOY, kaBa mpowpeg
Epvumnpmkz; petapohég unopa va natiuda Optevn) jie To (Bhéme napdypago 4.2). Auérioeic o€ LFT eivat mBavo va avmnuxﬂouv
amouoia KNVIKQV UpTwdTY. Mpénel va a{lc)\oyovvml avéroel m AST kat g ALT 1 m¢ 0)\|Kr|( XohepuBpivng pog anokAelopd Nomav artiwv kakmunc U nnumg
oupnepiapBavopévay hotaéewv, eEENENS me voaou ] cpupuakzunkwv TIpOIOVTWV Kal va nupako)\oueouml fog Ty unoypnr Toug. Bloyies rimatog amo aoBeveic mou eiyav

0 uxmlouavn 130} b ya). Ia aoBeveic e au§nuévn AST 1y ALT oto

6, katéderéav arotyeia oeiag heypioviig Kat
€0pog Twy > 5-< 8 x ULN 1} ohikr) xohepuBpivn oo ebpog Twv > 3-< 5 x ULN mou mBavohoyettar ot oetiCetau e to YERVOY, mpémet va mapaleimetat n mpoypapatiopiévn 86on tou
YERVOY Kat wpmﬂ va wapuxo)\cueouvml ol LFT focmy unoypnon. Umv Bd\nweouv T emnzéu LFT (AST kat ALT < 5 x ULN kat ohikrj yohepuBpivn < 3 x ULN), o YERVOY propei va
6on. Adgeig mou Bpdocwv, Sevmpémeiva i (ma a 4.2). T aoBeveic e
uuincslc me AST 11 m( ALT > 8 x ULN mou mﬂavo)\ovenm on uxm(cvml pET0 VERVOY 1) Bepaneia "p{"{l va dlakometal opwm«l (BAéme napdypago 4.2) kat mpémet va {{Klvnasl
apéows ovotnaTik evboghéBia Bepaneia pie Koptikootepoerdr) uhnMi ddong (m.x. pebukmpedvigordvn 2 mg/kg npepnaies 1 16odbvayio). Ze autols Toug aoBeveic, mpénet va
Ovrat ot LFT éwg mv inon. Otav unoywpolv Ta (ruum’)uaw Kat oua)\onomem)v o au{r‘mzl( v LFT, n évapln BaSulaia( peiwong kat Slaxomg Twv
KOpTIKDOTEpOEl5wV Tpémelva Buul(ﬂm ouy KAVIKT} unoq}aun H pabyuaia uslwcn Kat Stakom mpémel va vlvzml |iéoa ¢ Sidompa mu?\axuncv 1 iiva. Avéoeig Twv LFTs katd ul
Babyuaia peiwon kat Siakom i va peavénon me doong P Kat Bpadurepn PaBpiaia peiwon kat Saxom. a aoBeveic pe onuavnkic
quéfoel Twv I.FT Tov eivat avesknxcl 3 pranaa e KOpTIKDOTEpOElBr], elvar Suvardv va e§etaatei n mpoabijkn evog evahhaktikod uvoaommom)mkou Tapayovra o1o Oyjia e
1 Ze KAWIKéC Sokipéq, fy popetihn o aoBeveic wpic OKptor) o€ Bepaneia e kop {aoav avénon Tou
LFT kard v Babjuaia peiwon kat takom Koptikootepoetbav mou dev avtamokpwatav og avénon e Soong Twv Kopnkompoaéwv (Bkns mw I'Izpl)\n\pn XapakmpioTikav Tou
Mpoidvrog yia m uvkowalvo)\lkn HogeriAn). Aeppiatikéc avsmeuum{g avtidpdoeic mov ouvbéovtar pe To avooomountikd: To YERVOY oyetiCerar pe oopapég Seppatikéc avemBopnteg
(wnépuozl( Tou unopa va ouvbéovtal pe 10 ﬂVOUD"OlnIIKO eavmnq:opu( oIk E"lBEpl,llKl] vekpohuon éyel avuq)spezl o€ kKhvikég dokipié (BAéne napdypago 4.8). E¢avBnyia kat
Kvnopog enayopeva and YERVOY 1y ftav KUpIm( fima i pétpia (Bueuuu 11 2) Kat avianokpivoviav o€ GupmTwyaTIK Bepaneia. Ze uuSsva( mou éhapav unvoﬂ{punsla e YERVOY 3 mg/
kg ouy MDX01020, o Bluum( XPOvog éwg Y ekdihwon pETpiwy €wg dopapuv iy 6pwv (BaBliod 25) Sepyiatiked pd nrav 3 {Bﬁouuéic (EUpO(
0,9 éwc 16 €BSopddec) amd my zvup{n m Bepaneiag. Me e1diké yia To mpwtokoMo KaTeuBuvTIpIES YPapIHES Yia TV aVTIHETA '
epuTTQ0eLC (87%), o€ Sidyieoo ypdvo amd Ty exdilwon éwg w vnc)(wpnvn 5 {Bﬁouué{( (0pog 0,6 ¢ 29 Bdopddec). E{uvﬁnuu Km Kvnopog {nuvouzvu and VERVOY Tipémel va
avtipetwnilerar pe aon m ooBapotnra. AoBeveic e wia fima éw pétpia (Babpiod 1 wg 2) Sepparikr) avemBopnm avridpaon pmopodv va napapeivouy ot Bepaneia pe YERVOY pe
OUUTWHATIKY Gspunzia (mx. avriotapvikd). Ma fimo éw pérpto e§avBnpa i kvopd mou eppiével ya 1 éwq 2 efbopddec kai Sev Behtidveral e TOMKA KOpTIKOOTEPOEION, MpéMel va
Eexwnoetn and Tou otopatog Bepaneia pe KOpTIKDUTEpOEl5n (mx. npe&vt(cvn 1 mg/kg ana{ npspnulw( ] woBuvuuo) Ta aoBevei e pa sopapr} (BaBpod 3) deppatik avzmeuumn
avtibpaon, nmp én 6on Tou YERVOY Bampémeiva Edv Behtiwbodv fima (BaBou 1) 1 umoywprioowv, n Bepaneia quERVOY pmopei
va ouveloTe kai ndk oty Endyievn mp é Boun Adoeig mov mapaei Myw I(l( avtibpaong, dev mpémet va umokaBiotavrar (Bhéme napavpa(pn 42).
To YERVOY mpénet va Stakdmerat opiotikd o€ aoBevei e éva mohd coapd (Baeucu 4) e€dvnpa ooBupc (Babpou 3) Kkvnopd (BAéne napdypago 4.2) kat a npmﬂ va Eexvijoel
apéong aumnpunkn evbophéBia Bepaneia ie vpnhés dooei (mx. 9/kg/npépa). Otav zhevxﬂsl 0 {iuvenuu o KV[](IIJU(, ] zvup{n e

Kapdaké Siatapayéc

01 ouyvé appuBuia, komkn papyapuyn

Ayysiakéc Siatapayéc

TugvéC [unéraon, é€aun

0y1 ouyvé ayyeiina, ayyelomdbeta®, mepioepukr} ioyaia, opBootatiki vmétact

Awarapayéc Tou avanveuoTikoy ouoTHUATOC, Tou Bpaka Kal Tou pEcoBwpakiov

JuyvéC duomvola, Briyac

‘0xt ouxVEC f pKeld, 0UVOPOpO o€eiac fic Suayépetac?, 81 Bnon mvevpova, veupovik oidnpa, mveupovitida,
aMepyikn pwitida

Marapayéc Tov yaotpeviEpiKol

Tohd ouyvég Sidppota’, épetog, vautia

JuyvéC YaoTpEVTEPIKIY atoppayia, kohitda®, Suokohiotnta, yaotpooioopayikn nahvdpopnan, koiako dyog

‘0xt ouxvég 1aTpnon Tou yaoTpevtepikod cwhiva®y, Sidtpnon Tou mayéog eviépou®, Sidtpnon Tov eviépout, meprtovitide?, maykpeatitida,
evtepokohitida, yaotpikd éNkog, £Ako Tou mayéog eviépou, 0100¢ayiTida, eedc®

Awarapayéc Tov ymatog Kat Twv XoAn@opwv
Juyvé uotohoyIki NaTIKA etToupyia
01 ouyvé matiki avendpkela®, nnatiuda, nravopeyalia, iktepog

Marapayéc Tou dépparog Kat Tou umodopiov 10ToY

ToAs ouyvég 6avnua’, kvnopoc!

JuvéC Sepuarinda, eptBnya, Nevkn, kvidwon, akwnekia, vuktepivoi 1bpwee, Epodepyia

0y 0uyvéC o€k Embepykil vekpohvon®”, Aeukokutrapokhaotik ayyeiitida, anogohidwon dépuatoc
A é 5.

Awatapay£ TwV VEQPWY KAl TWV 0Up0QopwV 08wy

‘Oil uvivé: vsiﬁlxﬁ uvsm’lﬁkim“ onzléaﬂmovsgﬁiﬂﬁu" vegpiki) owhnvapiaki oééwon
Awarapayéc Tou avanapaywyikoy GUOTAHATOC KAl TOU Bagtol
01 ouyvéC aunvdppoia

Tevikéc Slatapayéc Kai KaTaoTdoeLg g 08ou xopiynong

[Saeumlac peiwong kat Slakomig Twv Koptikootepoeldwy mpénet va faciletal omy xhvu(r] andpaon. H fabpuaia uﬂmun Kat Blumm] Tipénel va yivetai péoa o€ Sidotnyia X

[Mohoouyvec | kémwon, avtidpaon tng Béang éveang, mupetia

JuyvéC piyn, e§aoBévion, oidnua, dhyog

01 ouyvéc To\vopyavikn avendpketa®, oxen{opevn ie T éyxvon avtiépaon

Mapakhwikég efeTdoeic

TuyvéC auénpévn apvotpavopepdon e ahavivng', auénpiévn aomapTIkn apvotpavagepdon’, auénpévn xohepubpivn aipatog, petwpévo
OWUATIKD ﬁn’go(

‘0x1 ouyvéC me NIatikig A avénpévn kp | aipatog, auénpévn Bupeogtdotpdmog oppovn aipatog,
Helwpévn Kopn(o)\n aipatog, HEwpEVN KopTIKOTPOPivN aipatog, uu{nusvn Nmdon’, auénpévn apuldon aipatog!, pewpévn
TEOTOOTEDOVN ijaTog

a Orouyvo ﬁum(ov 1010¢ OUYKEVIPUTIKG 0TOIYela and 9 KAwiké¢ Sokipég mou e€étaoav o YERVOY 3 mg/kg 6on oe pehdvipia.

Tpiva. Nzugo)\oyu(z; avemBopnTec avuidpdoeic mou suvbéovrat pie To avoomountikd: To YERVOY uxm(sral Je ooBapéc avuibpdoelg éovtal e To
uvuuonmnnko Ouvumq)upc abvdpopo Guillain-Barré éxet avagepBei oe khwikég dokipéc (BAéme mapdypago 4.8). Exouv emiong avaq){pSzi OUUMOpATa opmﬂ(nvm i€ puaoBévela
gravis. O1 aofevelc mopei v napovoidaouy ik abuvaysia. Mopet axdyn va napovotaotel ok vaonuezm Ave€ynm kavnukd vewpondbet, i) adovayia f aiobyk
veopondfeia riov duapkel > 4 népec mpéret va Kat B mpénet va mn aftia, o GG T vooou, hoypéelc, petaBohikd obvdpopia Kat
QUpHAKEUTIKA npclcvm Tia aoBeveic pe uapla (Baeuou 2) vzupcnuesm (ki e 1 xwpic awobik) mou mBavov ogetiCetar e To YERVOY, Ba mpénet va napadeinetal n

éxpaon.

v ﬂpouem( nhnpoq)npm( OETIKA 1€ QUTEC TIC. mﬂavm( tp)\ivuovwéﬂc ﬂvzmeuum(( evépyeteq napéyovrat oty lepiypagi emiheypéviv avemBipnTwV evepyeldv» kat Ty mapdypago 4.4. Ta
Oedopiéva oy QUTECTIC Kuplu)c TV Enelp Jua pehém Odong 3, Tv MDX01020.

§ Avagépovral o€ mpoopareg pzmzc EKTOg JeNd

MpdoBerec avemBopnTes evépyeleq mou dev avuq)ipovml otov Mivaka 2 € zxouv ﬂVﬂq}[pBEl [3 auezvzlc miou éhapav dhheg dooeic (eite < 1 > 3 mg/kg) YERVOY o khwikég Sokiiég

pehavidpatoc. Auté ot npouﬂa{( avtibpdaeic mapouaidoTkav heg o auxvcmm <1%: unvwvlqu(, Jwokapditida, Kapélouuonaezm qutodvoon natitida, moAUpoppo epibnua,

Eivta oty évapén, 0 aoBeviic pmopei va Eavapyioei To YERVOY atny endpievn mpoypaypatiopiévn 86on. Adoeic nov n
nupu)\s[novmlhdeulucavemeuumncavﬂﬁpuun:Bzvnpénﬂvaunukuemnlvml E)\Qnenupnvgu$o4pl) ToYER\%anmwnBmxc?mmll;plgnfaxgu%zvagpzloﬁagn (BaBoi 3 avrodvoon veq;pméu auurnmuam spoidlona e acBtve gmw}g:ﬂzuzgﬁ"wemou adpitiéa, Kpomwmn apmpmbu ngf:ﬂ;&;a;ﬂ;u‘ﬂ"";&'ﬁszlgglﬁg"%gﬁl
14) auoBikr} veupondBeta mou mbavohoyeiar Tt ouvéetar e To YERVOY (Bhéme mapdypago 4.2). Omuezvacnpznavauvnunwmlovmluuuqzwvausnr fIpLEC Ypapé WP'GUFI aToupa, TpurEioupi, uEIMMEVFI GupeosBTponog oppiou uluuw; umuwn VOVUGOWOWIVH ajarog, ety Bupocivn
Tou 18pUpatog yia Ty Slayeipnon ataBikic veupomdBelag K(ll"pE"ElVﬂ Eexwijoouy apéow szunp)\sBm Bepaneia pe ! f (. ovn) 2 mg/kg/nuép . Mumwmkmmmwmpmwu o000 el ' vy vemBiunToY m ;M 6€aips0n T TEpUTIG 1G0T m'm o i vmncm'l . U")\EVUEVE:’
Mlpoodeurikd andSia k¢ veupordBeiag Baipéie v Bewpeita o ogeriortat e T TOYEWOY“""'E' b evépyetecBaoiCoviar o acBeveicnov ehapov YERVOY 3 mg/kg (n=131) YERVOY 3 mg/kg 6 }4£ gp100 (n = 380) o€ ua pehémn Odong 3 ou
0¢ aoBeveic e ooPapr} (Babyiol 3 1 4) kinrik faptitucamoloyiac (Bhéne e 042). V6oxglvomeﬂarmuouvémm £ T0 QVOOOTOUTIKO: TOYERVOVpnopu b (4 A oo (MDXO1020, éne napiypago 5.1). O ip vpauuécvamv | TN :

va mpokahéoet Qheypovi] TV opyAviy Tou evBoKpIIKOY CUOTIATOG, QVEndpKeld Kat Kat ot aoBeveic
mopei val Tapouatdgouy i 91k oupTTidaTa, Ta omoia mopei va potdlouy pe Mo aita 6 pauamon ooV £yKépaho 1} umoKejievn v6oo. T ouyvotepn Kk eova
oupmepthapBaveral n kepahahyia kat ) komwon. Z1a oupmdpata pmopei va oupmepihapBavoviar eNelppara tou omtikod mediov, allayég TG upmEPIPOpdc, latapayés Twy
nhmpo)\uwv K umotaon. Emvzqnplélakn Kpion wg umo W uvumwpmuv Tou aoBevoug mpémet va amokheietat. H kKAwikij umeipia pe zvéokpwunuezm oxetopevn e 0 YERVOV
eval T aoBevei mov éhaBav RVOY 3 mg/kg oty MDX01020, axpovo(Ew(mvtxﬁq)\monuapmczmc 0 copapric (BaBpiob 24) evd

EVEPYELWY MEpIypapovTal TV nupuvpqu 44, Fumpevr{plk{( avtiépdaei mov ouvbéovrat e To avooomountiko. To YERVOY oxetiCerat pe doBapég vumpevupu({( avuibpdaeig mou
ouvbéovtal e To @ Noyw Sidrpnong Tou yaotpevtepikol owhijva éxouv avagepBei o < 1% Twv aobevav mou éhapav YERVOY 3 mg/kg 3
ouvbuaoyo e gp100 T opdda pe povoBepaneia pe YERVOY 3 mg/kg, avagépbnke Sidppota kat kohinda onmuaénnovz Bapimac oto 27% Kat 1o 8% avriotoga. H ovxvtm]m
aopapnic (Baeunu 34 4) Sidppota kat coBaprig (BaBou 3 1} 4) Kohnéu( fitav 5% yia 1o kaBéva. 0 Sidyieoog ypovog wg TV zKBn)\mun goapwv i Bavatngopwv (Baeucu 3¢ugs)

Tiov ouvbéovrat e woa nmv 8 z[}éouabs; (e0poc 5 € 13 eBdopadec) and apxn e szan{mc Me kateuBuvripieg vpuw{( yiamy

Yaotpevtep p

oxeTt{OpevnG e To avoaomotnTIkd Kupdvenke amd 7 éwg nspmuu 20 €Bdoyades amo v évapén e Bepanciac. Evdokp 13 6mou
€ KNIKEG SOKIEC, rTav yeviKidg eNeyyopevn e avoookatactaNtikii Bepaneia kat Bepaneia i opuavwv Edv uuuyAuvv fimote onpieia fic kpiong dnm(
oopapij aguddtwon, unétaon f katamhngia, ouviotdrat dyeon xoprynon evoogAEp e P f Spdon) kat 0 aoBevric Ba mpénel va ynBei yia

e To MW n 0 ||zpu||wu 16 (90%), e tdpeao xpovo amo T ekbrihwon wg Ty umoywpnon (opiletal
["'q ﬁz)mwun 0t fima [Baeuou 11 Mvolspo om ao[ﬂaptm]m Kkatd mv zvap&n) 4 epdopade (evpoc 0,6 éw 22 efdopddec). Ze kKNikéq Sokiyiés 1 Kohinda mou ouvéetal jie To

v napouaia onyaiag i MotoEewv. Edv undpyouv onpeia emveppidiakic uvsnnpkzla(, aMd o uuﬂzvq( Bzv Bpioxeral o€ zmvsq)p\ﬁlakq Kpion, mpénet va €€TaoTolv mepartépu
napakwikég eSetdoelc oTic omoie iBaverat ) a€loAoynan epyaoTnplak@v Kat ehéyuv. Hn{m)\avnun WV AMOTENEOATAY TWY EPYAOTNPIAKWV ENEYXWY yia
TV ENeyyo TG eVl (¢ hertoupyiag mpémetva {aimpw unamv £vapén Bepaneiag pe 0 poetdiy. Edv ou i Eheyyor g umdguang A epyaotnp

Eheyxotmne (¢ hetoupyiag €ivat pn guatohoytkoi, cuviotdrat p X g pe upnhéc dooei v (. Bz{upsen(ovn 4mg avd 6 Wpec 1} tooSlvapo)
WOTE Va avTIPETWOTe 1) GAeypov Tou abéva katn mp oo tou YERVOY Ba mpénet va "ﬂp(l)\ilqlﬂil (BNéme mapdypago 4.2). Avti} T oTiyp eivat
ayvwoto edv n Bepaneia pie KopTikooTepOEIdH) avaoTpégel TV nésvmn duahenoupyia. Ba npénet enion va Eexioet katdNnhn roKatdotaon oppovav. Eival mbavd va eivat
anapaitnT pakpoypovia Bepaneia e unokatdotacn opyiovv. Otav teBodv umo éheyyo Ta DyaTa ot @ 1plakéq TG Kat eivat eggaviic 1 Beltiwan Tou
aoBevo ouvoNikd, pmopet va ouvextotei n Bepaneia e YERVOY kat n évapén e adpiaiag peiwong kat Stakomig Ty KOleKOOTEpOEIMV pénetva aoiletat oty khwiki} anogaon.
H Babyuaia peiwon kaw Siakom mpémet va yivetat péoa o€ didotnyia Toukdyotov 1 piva. AMec avemBupntec avudpdoeig mov ouvdéovat e To avogomoutikd: Ot mapakdTe
avemBoynTeC avaidpdoeig mov mBavohoyeiar ot auvSéovtal e To avosomoinTikd, xouy avagepBei o aoBeveic mou éhaBav povoBepancia pe YERVOY 3 mg/kg otnv MDX01020:
payoelditida, nwavogihia, avgnon Amdong kat ometpapatoveppitida. Emmpoodérwc, ipitia, ayohutik avarpia, au{naslc uuu)\um](, no)\uopyuwm ﬂVﬂmpKEl(l Kat veupovitida
éyouv avagepBei oe aoBeveic mou éhapav memtidikd epBohio pe YERVOY 3 mg/kg + gp100 oty MDX01020 (BAéne napd 48).A B pe (BaByuoi 3 n4) eval
mBavo va amartnBei {a pe upnhéc Sooeig poetv Kat Stakom} Tov YERVOY (BAén: 42). rm 80, tpiudan 13
70 YERVOY, Ba mpémet va €etalerat  Xprion TomKwv Kop P0EI00V 0T HOpr} TwY 0QBANUIKAV OTaYOVWY OTTLC aubeikwal tatpia. Eu Eibioi n}\uenau i: AoBeveic e ogBaliko
pehdvwyia, mpwtomaBéc pehdvepia Tou KNE kat evepyéc Hetaotdaeis Tou eykeqpdhou dev aupmepieNipBnaav oty mhotikn) khwikij Sokiy (BNéme mapdypago 5.1). Avtidpaon oty
yyuon: Ymipxav p HEVEC avapopég ooBapiv oewv oty éyuon oe Khwikég dokipec. e mepimwon ooBapc avtidpaon oty éyyuon, 1 éyxuon YERVOY mpénet va
Slakomeratkatva xopqyznm KmaMnAn 1aTpik Bipﬂﬂilﬂ AoBeveic e fma n Jétpla avtidpaan oty éyxuon, pmopouv va AdBouv YERVOY pie mpocekikii mapakohouBnon. Mropeiva
Anq)ﬂzl unon 1 mpogapj | aywyn e QVITUPETIKG Kat k. AoBeveic e autodvoon vooo: AoBevelc e 10Topikd autadvoan véoou (eKtd aro Azuxn K ENaPKGC

svéokplvnc, omug 510}10¢), (v Y10 TOUG OT00Ug
svzpvo uumuvoan v600 1 yia Siatipnon pexd an petay upvuvnu bev ViBnKav o€ KhVIKEC éompz( To ipilimumab efvat zvmxum( mv Txlrnupmv Tiov
kaBiotd duvar v v plon (BNéme mapdypago 5.1) kat eivar mBavo va mapépPet otrv avoookataotaktiki Bepaneia, yeyovdg mou odnyei oe mapofuod g

urokeljieng véoou ) auénuévo Kbwwo unoppwnc o Hooyedparoc. To YERVOY mpénet va arioedyetat o¢ aofeveis e 0oBapi evepyo avtodvoan vBoo, o€ MepITTIO0EI a1 omoieg
TEpaITépe ik yia ) Cwr kat {rat e mpogoy o€ ANNoug aoBevei e (0TOpIKG aUToAVOaTG VOO, HETd
ano ﬂpOUEKIlKI] z&mun Tov evdeyopievou KIV6UVDU otpz)\ou( 0{ aoyukn) Baon. AoBeveic mou akohouolv Siara pie eheyxpevn meplektikdtTa o€ vdtplo. Kabe ml autol Tou
QappakeuTikod mpoidvrog meptéyet 0,1 mmol () 2,30 mg) vatpiov. Oa mpémet va AapBdvetat umoyn katd v Bepancia aoBevav mou akohouBody Siarta e eheyyopevn MeplexTKOT T
oe vatplo. 4.8 AvemBupnteq evépyerec: Mepiknyn Tou mpogik aopdhetac: To YERVOY éyet yopnynBei e > 3.000 aoBeveic oe va khivikd mpoypayipa To omoio agloAoynoe
Xprion Tou e Sidgopeg dooerc kar Tomoug dykwv. Exto edv opicetar Slagopetid, Ta SeSojiéva mapakdtw amotumavouy Ty ékBeon o YERVOY ata 3 mg/kg oe Khvikéq SoKipég
pehavayatoc. 2T pehém Odong 3 MDX01020, (BAéme mapdypao 5.1), ot aoBeveic Ehapav éva iapeao 4 Sooewv (vpog 14). To YERVOY ayetiCetal mokd ouyva pe avemBipnteg
EVEPYELEC oV IpoKUMTOUV amd auénuévn 1 evtetapévn Spdon Tou avodomomnTikoU. Ot epIOOOTEPEC Ao AUTE, aTic omoieg aupmeptapivovtat coBapéc avtidpdae, unoywpnoav
petd and v évapén katdMnhng atpikric Bepaneiac 1 T Stakom Tov YERVOY (BAéme mapdypago 4.4 yia T avtipetmon avemBupnTwy aviipdoewv mou ouvdéovtat e To
avoooroutiko). Ze aoBeveic mov éhapav povoBepaneia pe YERVOY 3 mg/kg oty MDX01020, ot avemBipinec evépyeteq mov avagépBkav ouyvotepa (> 10% twv aoBeviv), fitav
Stdppota, e§avBnpa, kvnopdc, komwon, vautia, éetog, pelwpévn opetn kat kotiako ahyog. Ty mhetovotTd Toug fitav fimeg éwg pétptec (Babpiod 11 2). H Bepaneia pe YERVOY
Slakomke Aoyw avembupnTwy evepyey oto 10% Twv aoBeviv. Katdhoyoc avemBupntwy evepyelv oe mivaka: AvembpnTeq evépyetes mou avagépBnkav oe aoBeveic pe
TpoywpnEvo peNdvapia, ot omoiot éhaav YERVOY 3 mg/kg oe khwikéc Sokipiéc (n = 767), mapovaidlovtar otov MMivaka 2. Autéc ot aviibpdoeic mapovotdlovial avd katnyopia
OUOTHaTOC 0pyAvwY OUppwVa e TV ouxvoTTa. H ouyvotnta opiletat wg zEr’]( oAU oUyvEC (= 1/10), auyvég (= 1/100 g < 1/10), oyt auyvéc (= 1/1.000 éwg < 1/100), omdvieg
(=110 000 fug< 1/1.000), na)\u ondvieg (< 1/10 000). Evroc kabe katnyopiag ougvaTTaC Eppdviang, ot uvameuumzc evépyetec eplpavilovat katd gBivovoa oetpd coBapammc
Ta 13 0 o€ HLAA2*0201 Betikoug aoBeveic ot omoiot éaBav YERVOY oty MDX01020, fitav mapojiota jie ekeivamiov
Tnapatnpifnkav oto o KMVIKO npbypauun auvohikd.

Jie arotyeia @heypoviic Tou BAewvoydvou, e 1 Xpic EEENKWOEI Kat AepipoKUTTapIKI} Kat oubmpoq}l)\lkn Blnencm Hnatoto§ikomta nou ouvbéetat pe 1o
avoooromntikd. To YERVOY oxeriCerar ie oopapr nmatotogkotnta mou uvdéetat jie o avogomointiko. Oavatnpopog nrariki} avendpkela éyet avagepbe oe < 1% Twv aobevv mov
£€\aav povoBepaneia e YERVOY 3 mg/kg. Au€rioeic me AST kai me ALT omotaadrimote Baputntag avagépBnkav oto 1% Kat To 2% Twv aoBevidv avriotoiya. Aev uripyav avagopég
aoBapric (BaBpou 3 1j 4) abnang g AST 1 ¢ ALT. O xpdvog éwg T exdhwon pétpiac éwg ooPapric 1} Bavamgdpou (Babjiol 2 wg 5) nratotogikéTnTag Mo ouvdéetat e 10
avooomoInTIkd Kupdvenke ano 3 éwc 9 eBdopddec and my apyr m Bepaneiag. Me kateuBuvtrptes ypapéq yia my aviietamon oeti{opeveg ie To mpwtokoo, 0 Ypovog éuwg T
unoywpnon kupavenke amo 0,7 éwg 2 edopadec. Ze Khviég Sokipec, Bloliec imarog and aoBeveic mov eixav oTTa ogeTICopev e To 0, eyipdviaav oToieia
ofeiac pheypoviic (oudetepopiha, Aepgokuttapa Kat paxpopdya). Aepparikés avembuynTes avaibpdoel mov ouvéoveat jie To avooomotnTik. To YERVOY oyetiCerar pe dopapég
Sepparikec avemBopnTes avridpdaeig mov pmopet va ouvdéovtat e To avooomomTiko. Bavatngopog Toéikn embeppukr vekpohuon éxet avagepBei oe < 1% Twv aobeviv mov éhapav
YERVOY o¢ auvbuaopd pe gp100 (BAéme nupdvpawo 50). va opdda pe uovoespunsia e YERVOY 3 mg/kg, avagépbnke eavenyia Kat kvodc élawopmkr']( Bapumnag, o kabéva
010 27% Twv aoBeviv. E{avSnuu Kat Kvnauoc Enavou{vn and YERVOY frav Kup\w( fima (Babyiod 1) 1} pétpia (Babpov 2) kat ﬂVT(])prIVOVIuV [3 vvuvmuuunkn prunsla 0 didpeoog
XPovos éw¢ Ty ekdhwon pEtplwv éwg ooPapav iy Bavmnq)opwv (Babpob 2 £wg 5) 6zpuankwv avzmeuunrwv uvn&pavsmv ftay 3 ¢pBopaddec amo v apy m Bepaneiag
(e0poc 0,9 éuwg 16 e[&éouaéz: ). Me kateuBuvtripieg ypaypes yia my aviyiera ET Xopnon OTIC MEPIOOOTEPEC MEPUTTTELS (87%)
e didpeo xpovo amo Ty {Kén)\wlm £wq Ty unoywpnon 5 eBdopades (opog 0, 6zwg 29 Xﬂﬁmlnﬂm N é avuibpdoeig éovtan e 0.To
YERVOY oxeriCetat e doapég écavndpdoelg. déovtau e in-Barré éyet avagepBei oe < 1% Twv aoBeviv mov éhapav
YERVOY 3 mg/kg ¢ auvbuaopd e gp100. Zupmiopara optotdlovia e puacbévela gravis éyouv emiong avuq)zpea 0e< 1% w uoﬂszv Tou é\aPav mpn)\crepz( ool VERVOY 3
Kkhwikég dokipéc. Evdokpvondbeia Tou ouvdéovtat e To avouonolnnxc Ty opdda e ucvoSzpunﬂu e YERVOY 3 mg/kg, Bapimrag

010 4% Twv aofevav. E avendpkela, Kat | Bapurnm; (pépbnke o kabéva oto 2% Twv aoBevav. H ouyvomta
goBapod (Babpou 3 1y 4) umoimoguaiapiol uvuq)epenkz 010 3% Twv aoBevidv. Aev umpxav avagopés oo[}apn: 1) mokd 6oPapri¢ (Babyiol 3 1 4) emvegpiiakic avendpkelag,
unzpﬂupwzlélauuu ] unnﬂupwzlélauou 0 )(pnvoc éwq v exdihwon METPIG( g no)\u gopapri¢ (BaBpo 2 & éug 4) oyen{6pevng e T avVooomomTIKG EVBOK‘]IVOYI(]G{H]( KUpdvBnKe
and 7 éwg mpmou 20 €Bboyades amo v apy1 g Bepaniac. peTo Tou fiBnKe oe Khvikég dokipiéc, frav yevikig e}\evxouwn 113
Bepaneia unuKmamannc oppovav. ANkeg avemujnTeq avribpdaeic o ouvdéoveal e 10 6.0t mpuxmw avtibpdoeig mov yeftar 6nt ouvdéovtat
€ TO avocomounTiko, éxouv avagepBei oe < 2% Twv aoeviv mov éhaPav uovoﬂzpan{m e YERVOY 3 mg/kg: pay JwowvogiNia, abénon Amdong kat T
Emmpoodéra, ipinda, ayohutik avapia, auéfioeic apuhdong, molvopyavii} avendpketa kat veupovitida égouv avagepBei o€ aoBeveic mou éhapav YERVOY 3 mg/kg o€ ouvbuaopo
e memrikd €Bohio gp100. YERVOY 5 mg/ml mukvd Siéhupia yia napaokevr) iahdparog mpog éyxuon — Zuokevaoia: 1 @uahidto (yudhivo) x 10 ml e evberktiki} Noookopetak Ty
3.887,16 €, kau evbewtik Xovbpikr) iy Ty} 4.468,00 €. YERVOY 5 mg/ml mukvd Sidhupa yia napaokeur} Slahdpatog mpog éyxuon — Zuokevaaia: 1 Otakidto (yudhwo) x 40 ml pe
evbewiki} Noookopelaxr] Ty 15.548,65 €, kat evbeurikr) XovSpikei ur Ty 17.872,01 €.

Bon0rote va yivouv 0Aa ta ¢ Mo ac@ali: X v “KITPINH KAPTA"
Avagépate: ONEE 1i¢ avemBpneg evépyetec yia a NEA OAPMAKA NI
Tic ZOBAPEX avemBupnteC evépyeleq yia 1a INOITA OAPMAKA
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To YERVOY™ (ipilimumab) evéeikvutat yia tn Oepancia
TOU MIPOXWPNHEVOU (AVEYXEIPNTOU I} HETAGTATIKOU) HEAAVWHATOG
o€ evnhikoug mov éxouv AdBet mponyoupevn Bepancia.’

NMPOOAOX THX ENIXETHMHZX
2TO METAXTATIKO MEAANQMA

H dUvaun tov
AVOOOTIOINTIKOU
OLVOTNUATOC

H ommoudaiotnta tng
MTAPATETAEVNC
emmiBiwonc

« YERVOY™: O mpwTog EYKEKPIUEVOG TTAPAYOVTAG TTOU TIAPATEIVEL ONMAVTIKA T CUVOAIKN eMBiwon o€ acOeveiq
HE TIPOXWPENHEVO PEAAVWHA*?
« YERVOY™: Mia véa Beparneia evioxuong Twv T-KUTTAPWV TTOU EVEPYOTIOLE( TO AVOCGOTIOINTIKO GUCTNUA WOTE
QUTO VA KATAOTPEPEL TOUG KAPKIVIKOUG OYKOUG,.'

MNa onpavtikég mMAnpo@opieg ac@Aaleiag,
avatpé€te otnv MepiAnyPn Xapaktnpiotikwv Mpoidévrog tov YERVOY™
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Stahvparog mpog éyxuon
*T¢ patuyaiomotnpévn, eheyxopevn dokipr gdong 3.
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