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Joint action against cancer

Fditorial It has been over six decades since Sidney Farber was feverishly searching for a cure for
leukaemia, while at the same time struggling to secure the funds necessary to finance the

fight against cancer.

Vassilios Barbounis ~ Numerous and important breakthroughs have since been achieved; in terms of discovering
new drugs, understanding tumour biology, palliative treatment; also, important breakthroughs
have been accomplished as far as research organisation and funding are concerned. The
results of this progress are palpable. Many people suffering from some form of cancer may
now be cured; numerous others live longer than they would in the past; and even more are
relieved from their symptoms. Progress is indeed observable, but it is far from enough.

In the decades to come, more and faster steps need to be taken. Cancer has been attacked but
is not yet defeated. Each year, society mourns countless victims.

"Oncopolicy’, as was defined in the recent ECC 2013 conference in Amsterdam, includes all
legislative, regulatory and political decisions and projects that are of direct interest to patients
and their caregivers.

Technological advancements, combined with the demands of patients and their families, are
running at a very fast pace; far too fast for the already fragmented healthcare services to follow,
which is why we, at a European level, need coordinated actions and activities that will include
the ensemble of all procedures necessary to combat cancer. That is to say, basic and
translational research; institutional framework for clinical trials; drug accessibility and safety;
and the overall management of cancer patients and their families.

Only an amalgamated voice combined with joint action and inclusion of all procedures in a
single framework, «All for one and one for all» may give us hope that all necessary actions
shall be undertaken in a timely and appropriate manner.
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Practicing oncology between continents

Nikolaos Touroutoglou

Going away to study or to further train in
medicine can be a very easy decision. Twenty
years ago, my medical school reality was
dominated by US elements. Many of the
textbooks were translations of famous
American textbooks; many of the advances in
medicine came from the United States, while
many of my role model professors were
trained in the US. So, | came to the US for
medical studies.

Training in Oncology requires complete train-
ing in Internal Medicine first, which usually
takes 3 years. Oncology and Hematology are
subspecialties of Internal Medicine. Many
training programs are combined Heme/Onc
programs and training in both subspecialties
takes an additional 3 years. Certification for
each specialty and subspecialty requires
separate written exams. In addition, physi-
cians are required to re-certify their compe-
tence in each specialty and subspecialty
through a complicated and expensive process
of ongoing education and recertification. This
includes written exams every 10 years, as well
as a rather long list of things, among which is
the evaluation of the physician by at least 20
patients as well as peer physicians, and
additional interview with questions and case
discussions. Specific information and literatu-
re on all of the above can be found at the web-
site of the American Board of Internal Medicine,
(http://www .abim.org/certification/default. aspx).

For various reasons, another Greek colleague
oncologist and |, decided to share a practice in
the US and in Thessaloniki. So, I now spend a
few months in the US practicing Hematology,
Oncology and some Internal Medicine and
then a few months in Greece, practicing
oncology. | then return back to the US, while
the other oncologist is doing the inverse. This
correspondence concerns my experience
practicing oncology between continents.

Since 2004, the year that | started practicing
Oncology in Thessaloniki, the field of Oncology
in Greece grew tremendously and the quality
of practice of Oncology rose proportionately.
Complicated chemotherapy regimens requi-
ring significant support and engagement by
the treating physician gradually became well-
known and more frequently used. The pa-

tients also learned their rights and accordingly
there was arise in the demands to their treat-
ing physicians with requests for more infor-
mation on diagnosis, personalized treatment
and prognosis. Most striking, however, even
today, remains the process of Informed
Consent for participation in clinical trials. The
US National Cancer Institute has extensive
guidelines on this issue: (http://www.cancer.
gov/cancertopics/pdg/supportivecare/commu
nication/healthprofessional/page1/AllPages).

In the US, it is illegal to have the informed
consent signed by the patient's family when
the patient is competent to make decisions,
yet is unaware even of the diagnosis of
cancer, let alone of the investigational nature
of the treatment he will receive. This was a
common situation in Greece in 2004 and is
now increasingly rare. It is also now increa-
singly common in Greece to discuss in full
disclosure diagnosis and prognosis with the
patient [1, 2, 3].

Inthe US, full disclosure of a cancer diagnosis
and prognosis is a mandate and considered a
duty of the oncologist. While in the past this
was part of the first encounter with the
oncologist, now it is not uncommon for the
oncologist to answer patient's pertinent ques-
tions without necessarily leading to a full
disclosure of prognosis if he/she feels that the
patient is not (yet) interested in this or the
patient does not ask for this information
specifically [4].

In other aspects of care, in the years since
2004 we saw the differences between practice
settings in the US and Greece diminish. Some
still remain and are obvious, like for example
the exemplary layout of facilities of hospitals
or private institutions; the professional envi-
ronment in most medical practices in the US;
the very widespread application of technology
and equipment; and the extensive use of
readily available laboratory and imaging
studies, in order to objectively support clinical
impressions. Equally important is the very
strong, rigorous and supportive/motivating
educational environment for everyone involv-
ed in medical care, not simply residents or
fellows.
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In the US, most routine chemotherapy regimens are
administered as outpatient with the patient sitting on a
comfortable lounge chair that can recline and has its own
television set. There are many state-of-the-art private
oncology practices that administer outpatient chemotherapy
with immediately available on-premises laboratory and
radiology support. This type of private oncology practice is
rare in Greece.

On the other hand, inpatient oncology care in the US is
mostly reserved for patients who are very ill, or are receiving
complicated chemotherapy regimens that require intensive
support.

I will further focus on some points as | see them in 2013.

The economic crisis in Greece has created many difficulties
in the delivery of medical care, with efforts to cut cost,
sometimes so extreme that certain drugs would be im-
possible to use (cetuximab being unavailable due to
company policy, trastuzumab and bevacizumab unavailable
in Thessaloniki for long periods in summer 2012). In the US,
on the other hand, a serious effort to decrease the cost of
medical care started from as early as 2007. This involved a
push for electronic health records, paperless medical
practice, development of guidelines for practicing oncology
(these are also in part used for authorization of use of
specific chemo drugs by insurance companies) and finally
the change of the goals of healthcare, where outcomes are
very closely monitored in regards to their quality and cost-
effectiveness; all these based on outcomes research. For
example, the cost of care | give to a 45 year-old female with
Stage IV breast cancer is compared to the average cost of a
medical oncology practice throughout the US. To reach this
average cost, a large number of oncology practices are
surveyed and the statistics are thus formed. So, if | exceed
the average national cost of care for my breast cancer
patient by far, | am in a potentially difficult position where |
may need to justify my treatment strategy to the patient's
insurance company or agency. What percentage of my
patients had complete documentation of their vital signs; an
updated medication list; an updated status of their vaccina-
tions; were given educational material concerning their
disease; have an updated medical problem list; had medical
notes communicated to the other consulting physicians of
the same patient? All these are elements that physicians
are evaluated and graded on, deficiencies leading to poor
grading published on the Internet - but also to denial of
payment by insurance companies.

Hospitals are evaluated for outcomes also. A classic current
example for oncology departments is the number of central
catheter-related infections over a period of 18 months.
Although it may appear difficult to believe, zero central
catheter-related infections are now a common achievement
of which many hospitals are proud. Zero is a true number
and not as some may think a statistical manipulation, and is
based on strict criteria outlined by the Joint Commission of
Hospital Accreditation of the USA (JCAHO). Another meas-

ure is the number of patients who can and do receive
prophylaxis for deep venous thrombosis when admitted to
the hospital for any reason, or should be immunized for flu
and pneumonia and indeed did receive those prior to
hospital discharge.

As part of a free market economy in the US, even under
Obama'’s Medical Care Act, there are many different insu-
rance policies to choose from. Depending on the cost of the
insurance policy, services covered are unfortunately often
commensurate with the savings, as patients may find that
they do not have coverage for specific medications; or
participate at a rate of 20% for medical treatment costs; or
have $50 as minimum co-pay for brand name drugs even
when a generic does not exist. In a free market economy
the “fine print” in the contract is unfortunately an important
issue.

In Greece, leaving cost issues aside, it was extremely difficult
to know what each insurance company would allow for its
patients until the implementation of a common policy by the
National Organization for Health Care Provision (EOPYY).
Even so, currently at the Interbalkan Medical Center in
Thessaloniki, some chemotherapy drugs are given to the
patient by a central public hospital pharmacy, others by the
patient’s local pharmacy, yet others by the private hospital
pharmacy where chemo is administered.

Inthe US, all of the above regulations and outcomes meas-
ures require an easy system with which every aspect of
care can be accounted for, and challenged in terms of its
validity, evidence base, and quality. The electronic health
record (EHR) can provide this. The EHR existed even 15
years ago but it would not be capable of transmitting orders
and other important information in real time to all sectors
of medical care involved. Whether in the hospital or in the
office, every single move, decision, order, comment, is
documented by physicians and nurses in the electronic
record of each patient. | write an order and it immediately is
communicated via e-mail notification to the nurse who has
a computer terminal near the patient. It's no longer a
problem reading a doctor's handwriting, and because you
can usually select an order from a pre-specified menu for
medications, diagnosis or labs/tests, the possibility of a
wrong interpretation of what you said on the phone or wrote
on paper, as well as other mistakes, is minimized. Medi-
cation administration orders are easily screened and
double-checked by the pharmacy, the electronic record is
easily accessible to any person that is involved with the care
of the specific patient. Moreover, the insurance companies
and government can use the data for research and out-
comes evaluation [b, 6].

The downside to this is that the programs used cannot be
considered user-friendly. For all the information to be
entered into the patient’s chart a significant amount of time
is required. No government policy took this into consi-
deration and now doctors are wasting a substantial amount
of time entering this information. Since the amount of

FORUM of CLINICAL ONCOLOGY
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money reimbursed for each patient has also been tangibly
decreased, it is impossible to hire a person to do the work of
entering data. As a result, most doctors in the US complain
that they see a patient for 10 minutes but have computer
work to do for the patient for another 20 minutes. Below is a
brief example why.

A few years ago we used to dictate the initial history and
physical of a patient. This took only a few minutes. Now, the
doctor has to type all the information in by him/herself,
electronically select the list of diagnoses of the patient with
a corresponding ICD-9 or ICD-10 code [this is the number
through which computers can work since they are not
capable of recognizing verbal diagnoses, at least not yet).
The doctor needs to place orders for the patient's care: Labs,
radiology studies, pathology slides to be reviewed, to name
but a few. Previously, these could be quickly written down
on a piece of paper. You then have to select a treatment
regimen from a list of allowed treatments for the specific
diagnosis of the patient and e-mail that order to the specific
person at our institution that deals with getting approval for
this treatment from the patient's insurance. All these
require separate clicks and menus to be downloaded
selected and processed. And computers are not lightning-
fast despite the fact that modern technology wants to make
us think they are.

Philosophically, it is sad that one of the most important
characteristics that differentiates man from animals, Adyog
(logos], is abolished: When we want to give a special type of
chemotherapy for a particular cancer, and need authori-
zation by the patient's insurance, we are unfortunately not
talking to a person but rather the information goes to
someone that only knows how to match diagnoses by ICD-
9 code number to a list of allowed chemotherapy regimens
on a computer screen. We do not talk to that person. And
even when the ICD-9 code matches the chemotherapy
regimen we request, there is still more to come. As an
extreme example -albeit a real one- we could not have TCH
chemotherapy [7] authorized for a breast cancer patient
unless Herceptin was administered weekly and not every 3
weeks [the submitted schedule showed Herceptin to be
administered together with Taxotere and Carboplatin every 3
wks), which would have been much more convenient for the
patient. The reason for this is that the original BCIRG 006
publication was using weekly Herceptin. The menu list of
the insurance only allowed the particular combination with
the particular weekly Herceptin schedule of administration.
This is how far “evidence-based medicine” can sometimes
be [mis)interpreted.

Already in 2007, justification of all treatment plans to
insurance companies was a requirement in the US. This
did not simply involve approval of individual drugs
separately but of the drug combination and the particular

stage of disease for which the drug combination was to be
used. Everything has to be clearly stated. (First-line or
second-line treatment, adjuvant or metastatic?) So, when
the insurance authorities in Greece recently started to move
towards this type of questioning, it was neither a novelty nor
surprise for me.

Seeing how this has evolved over the years in the US, many
express their concern that as insurance carriers follow the
various guidelines for oncology practice (Pittsburgh, NCCN)
so strictly, physicians may be forced to think less and less
and adopt a guidelines-only cookbook approach to oncology.

The actual practice of oncology has seen convergence
between the US and the EU, first with NCCN use in both
continents and then with separate -but to a large extent
similar- guidelines developed in the EU. There are some
differences in practice; however, these are few. More
importantly, the availability of certain drugs is evident as a
difference between continents. Some examples include the
fact that using bevacizumab for breast cancer is practically
impossible in most US settings; abiraterone is not yet
approved in the EU for use immediately after failure of
hormonal therapy, as is the case in the US and some drugs
like enzalutamide and bendamustine, although approved in
the EU, are not readily available in Greece. Moreover,
sipuleucel-T (Provenge) for prostate cancer, Zelboraf
(vemurafenib) and Yervoy (ipilimumab) for metastatic mela-
noma are commonly used in the US, but rather difficult to
obtain in Greece. Cabozantinib was recently approved by the
US FDA for metastatic medullary thyroid cancer. When it
comes to breast cancer, ixabepilone and eribulin are two
chemotherapy drugs available in the US; that may offer
additional mileage for some patients with metastatic disease
but are not yet approved in the EU. The above are only a few
examples and are not meant to be a comprehensive list.

With some effort, | have been able to obtain some of the
above agents for treatment of patients in Greece and | am
certainly not the only one to have done so.

This is a limited account of some of the differences | see
practicing in the US and Greece. It would be a cliché to say
that we can do better with Oncology in Greece. More
importantly, | would like to emphasize that we can learn
from the problems that other countries considered to be
"ahead” of Greece in oncology are now experiencing. Still, |
find it remarkable and | am proud of it, that despite the
current issues Greece is facing today, | am able to offer good
oncology care to my patients in Greece. And talking to many
of my oncology colleagues throughout Greece, it is clear that
despite the shortcomings, they too are doing the same.

Conflict of interest statement
The author declares no conflict of interest.
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Reintroduction of irinotecan and oxaliplatin
as a combination (IROX regimen) in heavily
pretreated colorectal cancer patients -

A single-center experience

Joseph Sgouros', Gerasimos Aravantinos?, Stylianos Dragasis', loannis Koutsounas', George Antoniou',
Maria Belechr#, Michalis Antonopoulos', Anastasios Visvikis', Helen Res', Epameinondas Samantas'

ABSTRACT

Introduction: The aim of this retrospective, observational study was to assess the efficacy of
the reintroduction of irinotecan and oxaliplatin as a combination (IROX regimen) in heavily
pretreated colorectal cancer patients.
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Nea Kifissia, Greece
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of University of Athens,
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Patients & Methods: Patients were eligible for the study if they had already been treated with
oxaliplatin, irinotecan, bevacizumab and cetuximab or panitumumab (if K-RAS wild type or
unknown status). Starting doses of irinotecan and oxaliplatin were 180 mg/m? and 85 mg/m?
respectively, every 2 weeks but in case of poor performance status or a history of side-effects
from previous chemotherapy regimens, lower doses were given and at longer intervals.
Assessment was done every 5 to 6 cycles. Control disease rate (CDR), progression free survival
(PFS) and median overall survival (OS) were calculated.
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Results: Twenty five patients with a median number of 3 previous chemotherapy regimens
were included in the study. The median number of metastatic sites per patient was 2. Seventy
six percent of the patients received treatment at reduced doses. Neutropenia (16%), diarrhea
(12%) and fatigue (8%) were the more common severe (grade 3 and 4] side-effects. One patient
had partial response of his disease (4%) and 7 patients showed stabilization of their disease
(28%) (CDR: 32%). Control of the disease was noticed in 27% of patients with refractory disease
to both irinotecan and oxaliplatin. Median PFS and median 0OS were 3 (95% confidence interval
2.3-3.7) and 7 (95% confidence interval 6.2-7.8) months respectively.

Conclusions: Reintroduction of IROX chemotherapy every two weeks produces a 32% CDR and
a 7-month median OS with acceptable toxicity in heavily pretreated colorectal cancer patients.
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INTRODUCTION
Irinotecan and oxaliplatin are among the most

However, as other combinations have been
proven more active than IROX, it was abando-

active drugs for patients with colorectal
cancer. Irinotecan is a topoisomerase 1 inhi-
bitor and oxaliplatin a platinum-based drug
that blocks DNA replication. Tests in colorectal
cancer cell lines have shown the synergism
of the two drugs [1, 2] while phase Il studies
have confirmed the activity of the combination
(IROX regimen) in patients with colorectal
cancer either untreated in the past [3] or
previously treated with 5-fluorouracil [4]. The
IROX combination has been also examined in
the setting of phase Il studies in either
untreated or previously treated patients with
5-fluorouracil and its activity was proven [5-7].

ned from the first-line setting.

Most often, patients with metastatic colorectal
cancer are currently treated from the onset
with a combination of chemotherapy drugs
and targeted agents which includes either
irinotecan or oxaliplatin; and upon progres-
sion with a combination of drugs which
includes the other, hitherto not used drug. Yet,
most of these pretreated with irinotecan and
oxaliplatin patients will ultimately progress
and oncologists dealing with them are often
faced with the dilemma of how to treat them
further, especially if they have received all the
currently available targeted agents, as well as
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Tahle 1.

Patient baseline characteristics.

Characteristic Patients (n =25), No (%)
Age (years)

Range 39-82
Median 68
Gender

Male 16 (64)
Female 9 (36)
ECOG performance status*

0-1 2392
2 208)
Primary site

Colon 16 (64)
Rectum 9 (36)
Time from the diagnosis of metastatic disease

until 1% cycle of IROX (months)

Range 5-74
Median 25
Metastatic sites per patient (number)

Range 1-3
Median 2
Most common metastatic sites

Liver 17 (68)
Lungs 17 (68)
Liver only disease 2(8)
CEA value at baseline (ng/ml) t

Range 3-3940
Mean 372

* Eastern Cooperative Oncology Group, T Carcinoembryonic antigen

mitomycin C, and whether novel therapeutic options are not
available. Reintroduction of oxaliplatin or irinotecan, either
within the same combination of drugs that patients had in
the past or within a different combination, might be justified
in some of them [8].

In our hospital we have used in the past, based on the above
strategy of reintroduction, the IROX regimen in patients with
metastatic colorectal cancer already exposed to irinotecan
and oxaliplatin. We sought to review its efficacy in heavily
pretreated patients and results are presented herein.

PATIENTS AND METHODS

This was a retrospective, observational study of the medical
records of patients with metastatic colorectal cancer treated
at the 3rd Department of Medical Oncology at "Agii Anargiri”

Tahle 2.

Patient treatment history.

Characteristic Patients (n =25), No (%)
Adjuvant chemotherapy

Yes 9 36)
No 16 (64)
Chemotherapy regimens for stage IV disease (number)
Range 2-7
Median 3
Treatment with bevacizumah

Yes 22(88)
No 3(12)
Treatment with EGFR* inhibitor

Yes 16 (64)
No 9(36)
Interval from previous irinotecan exposure (months)

Range 1-29
Mean 9
Refractory diseaset to irinotecan

Yes 21(84)
No 4(16)
Interval from previous oxaliplatin exposure (months)

Range 1-26
Mean 7
Refractory diseaset to oxaliplatin

Yes 21(84)
No 4(16)

*Epidermal Growth Factor Receptor, * Disease progressing during
treatment with the specific drug or within three months from
discontinuation of the drug (or within six months in case the drug was
given as adjuvant therapy)

Cancer Hospital with the IROX regimen. A patient treated with
IROX was eligible for the current analysis if they had already
been treated with oxaliplatin as well as with irinotecan.
Previous treatment at least once with a fluoropyrimidine (5-
fluorouracil or capecitabine) and the targeted agents bevaci-
zumab and cetuximab or panitumumab (in case of patients
with tumors with KRAS wild type or unknown mutational
status) was mandatory. Additional eligibility criteria included
normal renal and liver function as well as adequate bone
marrow function. Their general condition needed to be good
[Eastern Cooperative Oncology Group (ECOG) performance
status of 0 to 2]. They also had to have measurable disease
by the revised RECIST criteria [9].

Treatment was administered every two weeks. Irinotecan
was administered at a dose of 180 mg/m? and oxaliplatin at
a dose of 85 mg/m?, although patients with performance
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status 2 or with a history of side-effects on previous chemo-
therapy regimens could be treated with 75% of the afore-
mentioned doses (irinotecan 135 mg/m? and oxaliplatin 65
mg/m? or receive treatment at a three-week interval.
Antiemetics were administered prophylactically and, in case
of toxicity, doses were reduced as per generally acceptable
guidelines. Assessment was performed every 5 or 6 cycles
of chemotherapy using the revised RECIST criteria [9].

We calculated response rate with this regimen; disease
control rate (CDR); median progression-free survival (PFS);
and median overall survival (0S). We correlated tumor
control rate with interval from previous exposure to irino-
tecan and oxaliplatin as well as with refractory disease either
to irinotecan or to oxaliplatin or both. Refractory disease was
defined as disease progressing during treatment with the
specific drug or within three months from discontinuation
thereof (six months, in case treatment was administered as
adjuvant). We also correlated response to treatment with
changes in values of the carcinoembryonic antigen (CEA])
tumor marker after two months of treatment.

PFS was measured from the time of first cycle of chemothe-
rapy delivery to progression or death (in case death occurred
prior to documented progression) and OS from the first dose
of chemotherapy until death. Where required, statistical
comparisons were carried out using the Chi-square and
Fisher's exact test. Kaplan-Meier analysis was used to
calculate progression-free and overall survival curves [10].
Version 15.0 of the SPSS statistical package was used and a
5% value was assumed for significance for all comparisons.

Toxicity of the regimen was assessed using the 4th version
of the Common Terminology Criteria for Adverse Events
published by the US Department of Health and Human
Services, the NIH and the NCI [11].

RESULTS

Twenty-five patients were included in the current analysis.
As shown in Table 1, almost all of them (92%) had an ECOG
performance status 0 to 1. The median number of metastatic
sites was 2 and the organs most frequently involved with
metastases were the liver and the lungs (Table 1).

Patients included in our analysis were heavily pretreated
(median number of previous lines of chemotherapy was 3]
and the vast majority of them had disease that was
refractory to irinotecan as well as to oxaliplatin (Table 2). 88%
and 64% of them had received bevacizumab and an EGFR
inhibitor, respectively (Table 2).

As can be seen in Table 3, the median number of chemothe-
rapy cycles administered was 4. For the majority of patients
(76%), the starting doses of irinotecan and oxaliplatin were
reduced by 25% compared to the planned doses, although
most of them received treatment every two weeks (80%).

Treatment, at the doses and interval administered, was well
tolerated. The most common severe (grade 3 or 4) clinical
adverse events were diarrhea (12%) and fatigue (8%), while

Table 3.

Treatment characteristics and response to therapy.

Treatment Characteristic Patients (n =25), No (%)

Cycles of IROX administered (number)

Range 1-1
Median 4
Dose of IROX administered per patient

Full dose 6(24)
Reduced dose 19(76)
Interval between chemotherapy cycles

IROX cycles administered every 2 weeks 20(80)
IROX cycles administered at longer intervals 5(20)
Response to therapy

Partial response 1)
Stable disease 7(28)
Progressive disease 13(52)
Not evaluable 4(20)

the most common laboratory severe side-effect was
neutropenia (16%) (Table 4). Only two patients had to be
admitted for the management of side-effects caused by
chemotherapy. One admission was due to vomiting and the
other due to diarrhea.

One patient succeeded partial response of his disease and 7
had stabilization of their disease (Table 3). The patient with
partial response was a male with metachronous meta-
stases to the lungs and mediastinum from rectal cancer;
DCR with IROX was 32%. As can be seen in Table 5, appro-
ximately 25% of patients with refractory disease either to
irinotecan or to oxaliplatin or to both drugs achieved control
of their disease with IROX. Also, the interval from previous
chemotherapy with irinotecan or oxaliplatin was longer for
patients who had control of disease with IROX, as compared
to patients without control of disease, but without statistical
significance. Control of disease was not correlated with
decrease or rise of less than 20% in the values of CEA after
two months of treatment.

Atthe time of the current analysis, 4 patients were still alive.
Median PFS and median 0S were 3 (95% confidence interval
2.3-3.7) and 7 (95% confidence interval 6.2-7.8) months,
respectively.

DISCUSSION

Our analysis showed that in patients with metastatic
colorectal cancer, heavily pretreated (the median number of
previous lines of chemotherapy for our patients was 3] IROX
chemotherapy every two weeks produces a CDR of 32% and
a median OS of 7 months, with minimal toxicity. Of interest
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Table 4.

Most common treatment toxicities (n =25).

Toxicity All grades toxicity

Number %

of patients

Hematological

Anemia 14 56

Neutropenia 7 28

Thrombocytopenia 3 12

Non-hematological

Alopecia 13 5

Diarrhea 12 48

Fatigue 12 48

Neurotoxicity 10 40

Vomiting 8 32

Allergy to Oxaliplatin 3 12

Table 5.

Mild toxicity Severe toxicity
(grade 10r2) (grade 3 or 4)
Number A Number h
of patients of patients
13 2 1
3 12 4 16
2 8 1
13 52 - -
9 36 3 12
10 {0 2 8
9 36 1 4
7 28 1 4
2 8 1 4

Correlation of refractory disease* either to previous irinotecan-based therapy or oxaliplatin-based therapy or both with

DCR! with IROX regimen.

Refractory disease
Number
of patients
To irinotecan 21
To oxaliplatin 21
Both to irinotecan and oxaliplatin 15

DCR with IROX
Yes No - Not applicable
Number 7/ Number 7/
of pts of pts
b Jal 15 7l
5 2k 16 76
4 21 1 73

* Disease progressing during treatment with the specific drug or within three months from discontinuation of the drug (or within six months in case the drug
was administered as adjuvant therapy), T Complete response, partial response or stable disease

is the fact that control of disease was detected in approxi-
mately one in four patients with refractory disease both to
irinotecan and oxaliplatin. Of course, we must underline that
these results are retrospective and based on a relatively
small number of patients, so they have to be interpreted with
caution.

One important issue regarding IROX regimen in patients
with metastatic colorectal cancer is how often to administer
it and at which dose. And that is because IROX has been used
in the past with various schedules and doses in colorectal
cancer patients. In two phase Ill studies from the USA, each
cycle was administered every three weeks with the doses of

oxaliplatin and irinotecan being 85 mg/m?and 200 mg/m?,
respectively [5, 7]. Fischer von Weikersthal et al. have
administered the IROX (which they called mIROX) at a
different schedule, which was oxaliplatin fortnightly at a dose
of 85 mg/m? and irinotecan at a dose of 80 mg/m? weekly
for 6 times every 7 weeks [6]. Finally, the regimen has been
also administered every two weeks at doses of 85 mg/m?
and 175 mg/m? for oxaliplatin and irinotecan, respectively [3].
Based on the fact that the data in question is based on
administering the IROX every two weeks, we opted to use
this version, as we considered that it would be more
convenient for patients (compared to a weekly schedule of
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irinotecan) and less toxic compared to the ‘every three
weeks' schedule.

And indeed that was the case. As an example in the
previously mentioned phase Il studies with the regimen
being administered every three weeks, the rates of severe
diarrhea varied between 22% and 28%, while in our study it
was only 3%; the rate of severe vomiting ranged between
15% and 22%, while in ours it was 1%; and the rate of febrile
neutropenia episodes was around 10%, while in ours we
had no episodes of febrile neutropenia. Of course, we have
to mention that approximately 75% of our patients received
treatment at a reduced dose (oxaliplatin at a dose of 65
mg/m? and irinotecan at a dose of 135 mg/m? due to the
fact they had experienced toxicities from previous
regimens. Similarly, in the study of Scheithauer et al. [3],
when patients received treatment at the planned dose of
irinotecan of 175 mg/m? and oxaliplatin of 85 mg/m? every
two weeks, the rate of severe toxicities was high (diarrhea
grade 3/4in 35% and nausea/vomiting grade 3/4 in 30%) but
when the dose of irinotecan was reduced to 150 mg/m?
while the dose of oxaliplatin was unchanged, patients had
fewer severe side-effects. So, in our opinion regarding the
schedule of IROX in colorectal cancer patients and minimal
toxicity, the fortnightly schedule with the irinotecan dose
being between 135 and 150 mg/m? and the oxaliplatin dose
being between 65 and 85 mg/m? seems to be the best
available option.

As far as different schedules of IROX delivery and their
efficacy in metastatic colorectal cancer are concerned, it is
difficult to draw any conclusion based on the results of our
analysis, as the patients of our study were heavily pre-
treated. But from the data existing in the literature, the
efficacy seems to be similar no matter which schedule is
chosen to be administered. In chemo-naive patients, the
response rate when treatment is administered every three
weeks is 35%; when administered fortnightly it is 43.5%;
while, with the weekly schedule of irinotecan, the response
rateis 41% [3, 5, 6]. Although a formal comparison regarding
the efficacy of various schedules has not been performed,
the fortnightly schedule produces slightly higher response
rates.

In our analysis, patients with heavily pretreated colorectal
cancer were treated with IROX and were thus rechallenged
both with oxaliplatin and irinotecan. Although, as already
mentioned, rechallenge seems to be an option for some of
these patients [8], not much data exists in the literature.
Townsend et al. showed that the rechallenge of patients with
metastatic colorectal cancer with an oxaliplatin -
fluoropyrimidine combination produces a 65% control of
disease with a median survival of 7.8 months [12]. The rate
of disease control in that study was double compared to the
rate in our analysis but in that Australian study the median
number of previous lines of chemotherapy was two
(compared to three in our study), only 20% had received prior
bevacizumab treatment (compared to 88% in ours) and it

was not clear from the data given how many patients had
been administered irinotecan in the past. Fornaro et al.
rechallenged patients who had received in the first-line
setting the triplet 5-fluorouracil, oxaliplatin and irinotecan
(FOLFIRINOX regimen) with FOLFIRINOX or chemotherapy
doublets which included either oxaliplatin and 5-fluorouracil
or irinotecan and a fluoropyrimidine or single-agent
chemotherapy which was irinotecan in a few of them [13].
Response with the chemotherapy triplets or doublets was
38% and 28%, respectively. These figures are much better
compared to ours, however (again, as in the Australian
study), patients in the ltalian study were not as much
pretreated as in ours. Regarding the subgroup of patients in
the study of Fornaro et al, who received only one
chemotherapy drug, results seem similar to the ones we
had with the IROX regimen in our analysis (PFS 3and 0S 8.7
months in the Italian study compared to 3 and 7 months,
respectively in our study).

In the aforementioned study of Fornaro et al.,, one chemo-
therapy regimen that was used in the group of patients not
receiving one of the chemotherapy triplet or doublet
combinations based on oxaliplatin or irinotecan, was
mitomycin C with a fluoropyrimidine. Compared to this
combination, which is commonly used in the setting of
heavily pretreated colorectal cancer patients, the IROX
regimen seems to have at least the same efficacy. To the
best of our knowledge, there are in the literature four studies
in which the combination of mitomycin C with a fluoro-
pyrimidine is tested for colorectal cancer patients already
treated with both oxaliplatin and irinotecan combinations [14-
17]. In these four studies the CDR varied from 23.8% to 36.6%,
while the median PFS varied from 2.5 to 6 months. The
figures mentioned above seem very similar to the results
we have achieved by giving our patients rechallenge
chemotherapy with IROX regimen. As far as toxicity is
concerned, it seems that the combinations of mitomycin C
with a fluoropyrimidine, at least at the dose level and
schedule used are tolerated as well as IROX given fortnightly.

Another treatment option for these heavily pretreated
patients is regorafenib, which is already licensed for use in
some countries such as the USA. This oral inhibitor of
multiple protein kinases including kinases of tumor
angiogenesis, oncogenesis and tumor microenvironment,
has been found to prolong survival compared to placebo in
a multinational study published in 2012 [18]. In this study, 760
patients with similar treatment history as the ones of our
analysis received regorafenib 160 mg daily for three weeks
every four weeks. The control of the disease with the new
drug was 41%, median PFS was 1.9 months and median 0S
was 6.4 months. The figures are very close to the ones we
present with IROX, bearing though in mind that data from
the regorafenib study is much more solid as it comes from
a randomized prospective study involving a large number
of patients.

In conclusion, our study, with the weaknesses of being
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retrospective, showed that for patients with colorectal cancer
already treated with oxaliplatin and irinotecan in the past,
IROX rechallenge chemotherapy every two weeks could be
a valid option for approximately 30% of them. IROX could be
potentially one more option with acceptable toxicity in the

oncologist's armamentarium for the treatment of colorectal
cancer patients.

Conflict of interest statement: The authors declare no
conflict of interest.
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Cancer Pain: Global awareness and guideline
recommendation
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ABSTRACT

Background: Although pain is a common event during cancer treatment, its assessment and
management remains suboptimal on daily practice. A possible cause for this phenomenon
might be a low level of cancer pain awareness and web guideline recommendations among
health providers. The aim of this study was to scrutinize global on-line cancer-pain guideline
recommendations among anesthesiology and oncology societies.
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Patients & Methods: Systematical web identification of anesthesiology and oncology societies.
International variations on cancer pain guideline recommendations were analyzed.

Results: Among 181,200 web pages scrutinized, 370 eligible societies were identified. Only 18
societies provided recommendations on cancer pain (12 for physicians). The level of global
awareness of cancer pain was extremely poor, independently of nation and continent analyzed.
Different society categories showed differences in cancer pain guideline recommendations (p
= 0.0045). The highest rate of societies recommending guidelines on cancer pain was found
among pain-related medical societies (27%). Anesthesiology and oncology societies did not
pass 3% and 9%, respectively, in any sub-setting considered. Half the recommendations
regarding cancer pain management were outdated and only half of these supported their
statements with level | evidence in their references.

Key words: cancer pain; global awareness; guideline recommendations; web; medical societies;
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INTRODUCTION

Cancer pain is a common event during treat-
ment of cancer patients. Its prevalence was
documented to be 64% among patients with
advanced metastatic or terminal phases of
the disease, 59% among patients on anti-
cancer treatment and 33% among patients
following curative treatment [1]. However, in
spite of its frequency and its negative impact
on patient quality of life, pain assessment and
management remain suboptimal in daily
clinical practice. Less than half of cancer pa-
tients receive adequate pain treatment [2-4],
a proportion which may even reach 82.3% in
some settings [3]. This lack of management
of cancer-related pain is even more prominent
if we consider that six out of ten patients
under analgesics experience breakthrough
pain; 7 out of 10 report pain-related difficulties
with everyday activities; while eventually half
of the patients believe that their quality of life
is not considered a priority in their overall care
by their health care professional [4].

Taking into account that clinical practice
guidelines are important for translating evi-
dence in medical decision-making and clinical
practice applications, reducing undesirable
practices and encouraging services of proven
efficacy [5], we hypothesized that one of the
possible causes of current medical misma-
nagement of cancer pain might stem from a
low level of cancer pain awareness and low
number of web guideline recommendations
among oncology educational and policyma-
ker societies/institutions.

Therefore, we set to examine the global inter-
continental coverage of cancer pain guide-
lines produced by professional societies and
caregivers. Since different levels of develop-
ment and economy might largely influence
clinical daily practice and priorities in guideline
recommendations, we further separately scru-
tinized differences in cancer pain guideline re-
commendations among the ten most highly
developed countries [6].
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Table 1.
Distribution of the scrutinized societies and caregivers organization by location, type (anesthesiology, oncology, pain);
eligibility, accessibility and relative guideline recommendations.

Eligible Accessible English Any Any Cancer Pain Own Cancer
N =370 N = 346 language guideline guideline guideline vs. Pain
N=276 N=120 p. N=18 (link) p.

CONTINENT

INTERCONTINENTAL 57 52 o1 17 2 1{1)

NORTH AMERICA T M T T 7 7

SOUTH AMERICA 7 6 2 3 1 1

EUROPE 3 3 30 15 1 1

AFRICA 1 10 10 4 1 1

ASIA 5 4 4 0 0

OCEANIA 2 2 2 I p=0.3996 0 p=06367

TOP 10 DEVELOPED COUNTRIES*

NORWAY 4 0 0
AUSTRALIA 14 14 16 8 0

NEW ZEALAND 7 7 7 3 0 :

USA 5 5 5 % 6 6

IRELAND 10 7 7 2 0

LIECHTENSTEIN 0 0 0 0 0

NETHERLANDS 9 9 1 0 0 :

CANADA 17 17 17 7 1 1

SWEDEN 4 4 2 1 0

GERMANY 10 10 . 0 p=00223 0 p=05422
OTHER COUNTRIES

JAPAN 13 12 10 2 0 :

UNITED KINGDOM 18 17 17 1l 3 3

ALY 1 1 6 3 , ,

SWITZERLAND 14 14 8 3 0 :

SPAIN 14 14 5 6 1 1)

BELGIUM 9 8 z. 3 0 :

DENMARK 7 5 2 1 0

FRANCE 12 12 6 l 0

CHINA 14 1 7 1 0

AUSTRIA 10 9 . 1 p=0.0359! 0 p=0.1339
ANY COUNTRY ANALYSED p=0.00401 p=03127
SOCIETY CATEGORY

ANESTHESIA 79 7 5 28 . ,

ONCOLOGY 7il 2 20 7 1 100)

PAIN 5 5 14 14 4 )

OTHER 5 5 z. 3 p< 000011 1 1 p=0.0003"
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Table 1. (suite)

Eligible Accessible English
N=2370 N = 346 language
N=276

SOCIETY SUBTYPE
ANESTHESIA RESEARCH 4 4 4
ANESTHESIA COMPREHEN. 45 42 31
ANESTHESIA OTHER 30 21 2
PAIN 15 15 14
CANCER RESEARCH 50 49 47
RADIATION ONCOLOGY 36 30 21
MEDICAL ONCOLOGY 5 23 13
SURGICAL ONCOLOGY 15 13 8
SUPPORTIVE ONCOLOGY 1 11 9
CA. MGM** COMPR. 71 73 58
OTHER SOCIETIES 62 59 51

Any Any Cancer Pain Own Cancer
guideline guideline guideline vs. Pain
N=120 P. N=18 (link) P.

0 0 -

19 1 1

9 1 1

14 4 3(1)

10 1 1

i 0 -

8 2 2

5 0 -

5 1 1

yii 7 8(1)

14 p< 0.0001f 1 1 p=0.0045t

*Countries were selected from the top 10 countries from the human development index; ** COMPR. CA. MGM = Comprehensive Cancer Management
#= North American guidelines were obtained by the addlction of USA & Canada societies/organizations
t = Statistical significant difference at 95% Cl. RCTs = Inclusion of Randomized Controlled Trials in references.

METHODS
Identification of pertinent societies and caregivers

We constructed a database of anesthesiology, oncology and
pain societies/organizations (educational, professional,
health policymakers, caregivers) that might provide guide-
lines for cancer pain. We considered societies and organi-
zations that were intercontinental (with a global outlook];
continental (including two or more countries in the same
continent); or national belonging to one of the top 10 countries
with the highest development index [6]. Countries with a
long-lasting tradition in medical oncology but not included in
the top 10 high developed countries, were further included
in the online searches [Table 1]. (Based on our previous
meta-analyses, we considered as countries with a long-
lasting tradition in medical oncology, those in which the
largest number of chemo/hormonal therapy randomized
trials for advanced malignancies was performed [7-10]).

We conducted online searches [the last being in June 2011)
involving possible combinations of 11 subject matters
("anesthesiology”, “anesthetics, “cancer”, “oncology”, “medi-
cal oncology”, “clinical oncology”, “radiation oncology”, “radio-
therapy”, “surgical oncology”, “cancer research”, “supportive
oncology’); 3 terms for educational and policymaker
societies ("society” or "association” or “organization”); and 30
terms of geographic identifiers (10 pertaining to continents:
“Asian”, "American”, “North American”, “South American’,
"America Latina", "African”, "European”, "Australian”, ‘Oce-
anian’, "International”; 10 pertaining to eligible countries by

highest development index [6]: “Norway", “Australia”, "New
Zealand”, "USA", "Ireland”, “Liechtenstein”’, "Netherlands”,
“Canada’, "Sweden’, "Germany’; and 10 pertaining to
countries with a long-lasting tradition in oncology but not
included in the top 10 high developed countries: "Austria”,
"Belgium”, "China”, "Denmark”, "France”, "Japan”, “ltaly”,
"UK", "Spain”, "Switzerland’). Due to notable economic and
development differences between South and North Ame-
rican countries, the continental entities were separately
searched and analyzed for North and South America [6].

The first 100 results for each online search were scrutinized.
We included both societies with accessible web pages, as
well as those whose presence was mentioned in some URL
but did not have a webpage or their link was not functional
(under construction or not working). The study methodology
has been previously described [10, 11].

Data extraction from eligible websites

For each pertinent anesthesiology / oncology / pain society
and caregiver website we recorded its name; URL; continent
and/or country; sub-specialty setting (anesthesia research,
comprehensive anesthesia managing, pain, supportive
oncology, medical oncology, surgical oncology, radiation
oncology, cancer research); and whether they provided any
guidelines on any subject matter (any setting) and on cancer
pain-related guideline (last update June 2011). Whenever
there was availability to perform an electronic search within
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the website, we used the terms "guidelines” or "recommen-
dations” or “position statements” in English. For non-English
websites, we translated these terms into the language used
in the website. We were able to do this in all languages
except for 7 Chinese, 3 Japanese, 5 Danish and 8 Dutch
organizations.

Whenever any eligible guidelines were available, we
recorded whether recommendations were freely accessible
through the website and whether they provided separate
information developed by the society/organization itself or a
link to another society/organization’s guidelines.

For each cancer pain guideline retrieved, we further exa-
mined whether it was recommended for patient or for
physicians and whether it pertained to cancer pain assess-
ment or treatment setting. In order to evaluate guideline
consistency, we further extracted whether any references
were provided to support guideline statements, and whether
the evidence from randomized controlled trials and/or meta-
analyses was provided to support the guideline statements.

Analyses

We evaluated whether the proportion of associations/
organizations present intercontinental and international
variations and the possible role played by the society type
and subtype in guideline recommendations. Group compa-
risons for categorical variables used Chi-square and Fisher's
exact test.

RESULTS
Eligible societies and organizations

We scrutinized 181,200 web pages during online searches
and we identified 370 anesthesiology, oncology, and pain
societies / organizations covering a large array of settings
(educational / clinical / research / policymaker] [Appendix 11.
Among these, 118 were international (58 intercontinental and
60 continental: African, American, Asian, European, Oceanian);
130 belonged to the top 10 countries with the highest
development index [6]; and 122 pertained to countries with a
long-lasting tradition in medical oncology but not included in
the top 10 high developed countries [Table 1]. US societies/
organizations (n = 53) accounted for 21% of all societies
analyzed. For the remaining 19 countries, the number of
societies analyzed per each nation did not exceed 18, and
each country thereafter did not contribute with more than 7%
of the overall number of societies analyzed.

Searches for North America did not lead to comprehensive
(US + Canada) North American societies/organizations and
only societies for each separate country were retrieved and
scrutinized [Table 1]. Thereafter, in estimating intercontinental
variation for cancer pain guideline implementation, data for
North American was provided by the combination of US and
Canada societies/organizations [Table 1]. As a result, the vast
majority of international societies/organization analyzed were
intercontinental (31%), North American (37%) and European

(19%). African, Asian, South American and Oceanian societies
together, accounted for the remaining 13% [Table 1].

When the society/institution type was considered, most
societies were devoted to comprehensive cancer mana-
gement (n = 77), cancer research (n = 50), anesthesia com-
prehensive management (n = 45) and radiation oncology
(n = 32J; while only a minority pertained to pain (n = 15),
surgical oncology (n =15), supportive oncology (n = 11), and
anesthesia research (n = 4] [Table 1].

Twenty four societies were not eligible for analysis: 12 of
these did not have an accessible webpage, 9 had no fun-
ctional webpage and 3 web pages were under construction
[Appendix 2]. Thereafter, 346 anesthesiology, oncology, pain
societies and organizations websites could be accessed for
the presence of guidelines. Most of them (n = 276) had a
webpage in English [Table 1].

Overall guideline recommendations

Among the 370 anesthesiology, oncology, and pain societies
and organizations identified, 120 (32%) provided guidelines
(any setting considered). No continental variation was
observed in the proportion of societies recommending
guideline for any setting (p = 0.3997) [Table 1].

When national variations were scrutinized, we noted re-
markable differences in the probability to deliver guidelines
(any setting considered) from single medical societies/orga-
nizations (p = 0.0060). High rate of guideline recommmen-
dations (42-50%) were found among Australian, Irish, New
Zealand, Spanish, USA societies, and particularly high (61%)
among UK societies. These national variations were evident
even when countries were separately analyzed for the top 10
highest development index countries (p = 0.02233) [4], or the
10 countries with a long-lasting tradition in oncology but
were not included in the top 10 most highly-developed
countries (p = 0.0359) [Table 1].

An impressive proportion of pain societies/organizations
(93%) was found to give recommendations (any setting
considered) in their URL, while only 35% and 28% of anesthe-
siology and oncology societies, respectively, did so (p <
0.0001). This difference was maintained (p < 0.0001) even
when subtypes of anesthesiology and oncology societies
were analyzed [Table 1].

Implementation of cancer pain guidelines

Only 4.9% of scrutinized societies (18/370) [12-29] provided
recommendations on cancer pain: 12 societies (3.2%) were
providing guidelines for physicians [12-23], and only 8 (2.2%)
for patients [22-29] (two societies were providing guidelines
both for patients and physicians [22, 23].

No continental variation was observed in the proportion of
societies providing web guidelines for cancer pain (p =
0.6367) [Table 1].

Cancer pain guideline recommendations were almost zero
across each single country. No web recommendation for
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Figure 1.

Study flowchart diagram for the selection of anesthesiology, oncology and pain societies / organizations, and their

relative guideline production for cancer pain.

181,200 web pages
scrutinized

370 anesthesiology, oncology, and pain
societies/organizations/caregivers identified

24 did not have an
accessible weh page

346 with accessible URL
276 with English webpage

120 providing guidelines

18 providing guidelines on cancer pain

8 providing guidelines

for patients
8 pain 7 pain
assessment treatment

cancer pain was found among societies of 15 nations [Table
11. Only thirteen societies belonging to 5 of the 20 analyzed
nations implemented guidelines on cancer pain [12, 13, 19-
29]. The highest proportion of cancer pain recomnmendations
was reported among the Italian (18%), UK (17%) and US (11%)
societies; however, this was not enough to document any
statistically significant difference in the national variation of
cancer pain guideline recommendations [Table 1].

No differences were reported even in case we separately
analyzed the top 10 highest development index countries, and
the 10 countries with a long-lasting tradition in oncology not
included in the top 10 most highly developed countries [Table 1].

The proportion of pain societies providing web guidelines
for cancer pain was low (27%) but was statistically higher
than that retrieved for anesthesiology (3%) and oncology

12 providing guidelines
for physicians

12 pain
assessment

11 pain
treatment

(4%) societies (p = 0.0003) [Table 1]. Statistical difference
was maintained even when the anesthesiology and
oncology society subtypes were scrutinized (p = 0.0045).
Indeed, the proportion of societies of medical oncology,
supportive oncology and comprehensive oncology pro-
viding guidelines was only 8%, 9% and 9%, respectively. The
proportion of anesthesiology societies recommending
guidelines on the web for cancer pain did not amount to
more than 3% in any subcategory (comprehensive / gene-
ral anesthesia, anesthesia research and other anesthe-
siology settings) [Table 1].

Use of references and guideline updating

Cancer pain guidelines for physicians: Overall, only 12 societi-
es (3.2%) gave guidelines for physicians on cancer pain [12-23],
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Tahle 2.

Physician oriented guidelines recommendation for cancer pain assessment and treatment; time of guidelines delivery

and quality of references used.

PHYSICIAN Pain

ORIENTED ASSESSMENT*  Ref.

GUIDELINES N=12 N=7 year

CONTINENT & COUNTRY

INTERCONTINENTAL 2 1 2005, 2009

SOUTH AMERICA 1 1 2005

EUROPE 1 1 2011

AFRICA 1 2006

TOP DEV. COUNTRIES*

USA* 3 1199, 2002, 2011

OTHER COUNTRIES

UNITED KINGDOM 1 1 2010

[TALY 2 1 2003, 2009

SPAIN 1 | 2011

SOCIETY CATEGORY

ANESTHESIA 2 1 1996, 2003

ONCOLOGY 7 4 2005, 2006
2x2009
3x2011

PAIN* 3 2 2002, 2005

2010

SOCIETY SUBTYPE

ANESTHESIA COMPR 1 - 199

ANESTHESIA OTHER 1 | 2003

PAIN* 3 2 2002, 2005

2010

MED. ONCOLOGY 2 1 2009, 2011

SUPP. ONCOLOGY 1 1 2005

CA. COMPR. 4 2 2006, 2009
2x2011

Pain
TREATMENT Ref. RCT/MET
N=11 N=9 N=4/2 year
2 2 1 RCT 2005, 2009
I 1 - 2005
I 1 1 RCT+MET 20011
I 1 2006
3 1 1 RCT 1996, 2002, 2011
1 1 1 RCT+MET 2010
I 1 1RCT 2003
I 1 1 RCT 2011
2 1 1 RCT 1996, 2003
b b 3RCT 2005, 2006
1RCT+MET 2009,
3x2011
3 2 1RCT+MET 2002, 2005
2010
I - - 1996
I 1 1 RCT 2003
3 2 1RCT+MET 2002, 2005
2010
I 1 1RCT+MET 2011
I 1 - 2005
4 4 3RCT 2006, 2009
22011

#No guidelines reported randomized controlled trials or meta-analyses (RCT/MET, N=0) in their references to support their recommended evidence,
Ref = number of guidelines with references, year = year of last recommendation review; * = one site was of restricted access (only for subscribers).

[Table 2]. All of these were reporting guidelines for cancer pain
assessment [12-23], and 11 for cancer pain treatment [12, 20,
22, 23]; however, one website was of restricted access and
was accessible only to subscribers [19] [Table 2]. When the 10
accessible guidelines for cancer pain treatment were
scrutinized, all [13-20, 22, 23] but one [12] guideline for phy-
sicians reported references to support the evidence of their
proposals; six of them supported their statements with level

| evidence (4 reporting randomized controlled trials [13, 16, 22,
23], and two reporting both randomized controlled trials and
meta-analyses [15, 20]. Guideline updating proved discou-
raging; indeed, less than half of the guidelines (5/11) [15, 16, 20,
22, 23] were updated within three years (with only 3 of these
being updated within one year [15, 22, 23]). Six recommenda-
tions were to be considered outdated since they had to be
discontinued over 5 years ago [12-14, 17-19] [Table 2].
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When the 12 guidelines for cancer pain assessment were
scrutinized [12-23], only six guidelines [13, 17, 18, 20, 22, 23]
reported references to support the evidence of their proposals
and no recommendation was supported by randomized evi-
dence or meta-analysis in the references (probably reflecting
the lack of level 1 evidence in this setting). Guideline updating
was also disappointing and overlapping with that of the guide-
lines for pain treatment [Table 2], with half of the guidelines
(6/12) being considered as outdated [12-14, 17-19] [Table 2].

Cancer pain guidelines for patients: Overall, only eight
societies gave patient oriented guidelines for cancer pain
[22-29]; all of these were reporting recommendations for

Tahle 3.

cancer pain assessment [22-29], and seven for cancer pain
treatment [22-28] [Table 3]. Overall, only two societies (2/8)
used references to support their sentences for pain
assessment [28, 29], and two societies (2/7) for pain
treatment [22, 28]. No level | evidence was included in these
references, regardless of whether pain assessment or pain
treatment guidelines were considered. Recommendation
updating was encouraging in the patients-oriented setting,
with only one (1/8) guideline for pain assessment being
outdated [29], and no outdated guidelines for pain treatment.
This last detail, however, was not enough to compensate for
the unpleasantly low level of awareness on cancer pain that
is characterized by a heavy scarcity of society/organizations
implementing web guidelines.

Patient oriented guidelines recommendation for cancer pain assessment and treatment; time of guidelines delivery and

quality of references used in recommended guidelines.

PATIENT Pain Pain

ORIENTED ASSESSMENT/ Ref. TREATMENT Ref.

GUIDELINES N=8 N=2 year N=7 N=2 year

CONTINENT & COUNTRY

TOP DEV. COUNTRIES*

USA 4 2 2003, 2009, 3 1 2009,
22011 22011

CANADA 2010 1 - 2010

OTHER COUNTRIES

UNITED KINGDOM 2009, 2010 2 - 2009, 2010

SPAIN 2011 1 1 2001

SOCIETY CATEGORY

ONCOLOGY 2003, 2009 5 1 2009
2x2010 2x2010
22011 22011

PAIN 2011 1 1 200

OTHER 2009 1 - 2009

SOCIETY SUBTYPE

PAIN 2001 1 1 2011

CANCER RESEARCH 2010 1 - 2010

CA. COMPR. 2003, 2009 4 1 2009, 2010,
2010, 2201
2201

OTHER SOCIETIES 2009 1 - 2009

#No guidelines reported randomized controlled trials or meta-analyses (RCT/MET, N=0) in their references to support their recommended evidence,
Ref = number of guidelines with references, year = year of last recommendation review.
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DISCUSSION

Our analysis provides strong evidence regarding the lack of
guidelines for the management of cancer-related pain
among anesthesiology and oncology societies. However,
can this deficiency in guideline recommendations change
medical thought as regards decision-making and result in
shortcomings in cancer pain assessment/ management in
daily practice?

We, therefore, hypothesized that pain management was
unlikely to be considered a priority on daily practice by caring
physicians. This hypothesis was reinforced by a recent pan-
European survey, in which 50% of cancer patients believed
that their quality of life was not considered a priority in their
overall care by their health care professional [4].

As a matter of fact, clinical practice guidelines are important
for translating evidence in medical decision-making and
clinical practice applications, reducing undesirable practices
and encouraging services of proven efficacy [5]. Further-
more, medical guideline / recommendation availability in
websites has been documented as being of extreme
importance, since it improves patient safety; it reduces
complications and shortens the length of stay among
Medicare beneficiaries [30]. Consequently, it appears that the
provision of guidelines may substantially affect patient
management, given that it helps physicians put evidence
into practice and eventually result in a uniform evidence-
based treatment of specific patient categories.

Therefore, the documented severe lack in cancer pain
guideline recommendations appears to justify patient belief
that their quality of life might not be considered as a priority
in their overall care by their health care professional.

The crucial question is why this low level of priority in cancer
pain management exists, especially when the prevalence of
cancer-related pain appears to be very high [1] and given
that its assessment and management are frequently less
than satisfactory in daily oncology practice [2-4].

As was shown in our analysis, an impressive number of
medical, anesthesiology, pain and cancer societies have
developed over time, offering a general picture of flourishing
professional and scientific activity. Many of these organi-

Appendix 1.

List of analyzed societies

ACORN CRO

Africa Oxford Cancer Consortium

African Cancer Organization

African Organisation for Research and Training in Cancer
African Radiation Oncology Group

African Women's Cancer Awareness Association

Age Anaesthesia Association

zations have a very extensive membership and organize
large meetings; furthermore, a third of these societies
provide guidelines, recommendations and position state-
ments within their websites that have substantial influence
on their members, subscribers, and website visitors [31-34].
So, why do these societies not prioritize guideline recom-
mendations for so common a problem (cancer pain) in daily
clinical practice? Probably, the exuberance of medical society
high professional activity might not always be interpreted
into a substantial benefit for patients. The new question to
answer is what motivates a determined medical society to
establish guidelines on a certain subject? This manuscript
underscores that many a time the prevalence of a specific
problem and patient expectancies from physicians might be
different from the priorities of physicians and medical
professional societies. Subsequently, how to resolve this
divergence and positively impact the medical decision-
making to develop or not determined clinical practice
guidelines and make them available on the web could
represent a new challenging filed for future research.

In summary, our study outlined that overall web guidelines
coverage for cancer pain was absolutely not satisfactory and
totally inadequate, in any setting considered.

The study presents some limitations: firstly, for 24 societies
/organizations we could not find access to a website; however,
they only account for 6.5% of all entities included in our study
and itis not very likely that these entities would have guidelines.

The Spanish society of medical oncology (SEOM) [35], and
the European Association for Palliative Care (EAPC) [36] have
issued new evidence-based guidelines to aid clinicians
across Europe in providing treatment for cancer pain;
however, these guidelines were published in 2012, after the
date of our study cut-off for web survey searches. Further-
more, there are no established validated searches for
locating professional societies and organizations and some
of them may have been missed by our searches. However,
given the multiple layers of our search, it is unlikely that any
prominent entities were, in fact, missed.

Conflict of interest statement: The authors declare no
conflict of interest.

Alles Over Cemotherapie

Alliance mondiale contre le cancer
American Academy of Pain Management
American Anti-Cancer Society

American Assaciation for Cancer Education
American Assaciation for Cancer Research
American Brachytherapy Society
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American Cancer Saciety

American College of Oncology Administrators

American College of Radiation Oncology

American Institute for Cancer Research

American Pain Foundation

American Pain Saciety

American Society for Therapeutic Radiology and Oncology
American Society of Anesthesiologists

American Society of Clinical Oncology

American Society of Preventive Oncology

American Society of Regional Anesthesia and Pain Medicine
American-Italian Cancer Foundation

Anaesthesia Patient Safety Foundation

Anaesthetic Research Saciety

Arbeitsgemeinschaft Internistische Onkologie

Asia- Oceania Clinical Oncological Society

Asian American Network for Cancer Awareness

Asian Clinical Oncology Saciety

Asian Federation of Organizations for Cancer Research and Control
Asian Fund for Cancer Research

Asian Pacific Organization of Cancer Prevention

Association for Directors of Radiation Oncology Programs
Association for International Cancer Research

Assaciation for Research on Treatment against Cancer
Association for the International Development of Anesthesia
Association Latin American for Therapeutic Radiation Oncalogy (ALATRO)
Association of Physician Assistants in Oncology

Association of American Cancer Institutes

Association of Anesthesia Clinical Directors

Association of Burns and Reconstructive Anaestheists (formerly
Plastic Surgical & Burns Anaesthetists)

Association of Cancer Executives

Association of Cancer Online Resources

Association of Community Cancer Centers

Association of European Cancer Leagues

Association of Freestanding Radiation Oncology Centers
Association of Integrative Oncology and Chinese Medicine
Association of Residents in Radiation Oncology

Association of University Anesthesiologists

Associazione Anestesisti Rianimatori Ospedalieri Italiani
Australasian Society of Anaesthesia Paramedical Officers
Australian Cancer Research Foundation

Australian Society of Anaesthetists

Austrian Cancer Aid Society

Austrian Cancer Association

Austrian Society of Anaesthesiology, Resuscitation and Intensive Care
Austrian Society of Hematology and Oncology

Oncology

f
Austrian Society of
f Oncology Pharmacy
f
f

t
t
Austrian Societ
Austrian Societ
Austrian Societ

Radiation Oncology

t
t
t
t
t
t
t
t
t
t Surgical Oncology

0
0
0
0

_~ = = <<

Belgian Association for Cancer Research
Belgian Association for Radiotherapy and Oncology
Belgian Federation Against Cancer
Belgian Pain Society
Belgian Society of Medical Oncology
Belgian Society of Surgical Oncology
Berufsverband Deutscher Anaesthesisten
British Accelerator Science and Radiation Oncology Consortium
British Anaesthetic & Recovery Nurses Association
British Association of Cancer Research
British Association of Cancer United Patients
British Assaciation of Surgical Oncology
British Oncological Association
British Oncology Pharmacy Association
Canadian Assaciation of General Practitioners in Oncology
Canadian Association of Medical Oncologists
Canadian Assaciation of Nurses in Oncology
Canadian Association of Pharmacy in Oncalogy
tion of

ono
Canadian Association of Provincial Cancer Agencies
Canadian Assaciation of Radiation Oncologists
Canadian Cancer Action Network

Canadian Cancer Advocacy Network

Canadian Cancer Research Alliance

Canadian Cancer Society / National Cancer Institute of Canada
Canadian Oncology Societies

Canadian Partnership Against Cancer

Canadian Society for Surgical Oncology

Cancer Advocacy Coalition of Canada

Cancer assistance network

Cancer Association of South Africa

Cancer Australia

Cancer care,Inc.

Cancer Control New Zealand

Cancer Council Australia

Cancer Cure Foundation

Cancer Federation Inc.

Cancer Foundation of China (formerly Chinese Cancer Research
Foundation)

Cancer Hope Network

Cancer Net in Spanish

Cancer Patients Foundation

Cancer Project

Cancer research foundation of America

Cancer Research Initiative of South Africa

Cancer Research Institute

Cancer Research Society of Canada

Cancer Research UK

Cancer Society of New Zealand

Cancer Support Association of Western Australia
Cancer Support France

Cancer Trials New Zealand
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Cancérologues Sans Frontieres’ / “Oncologists Without Borders
Canteen Ireland

Central European Cooperation Oncology Group

China East Radiation Oncology Group

Chinese American Society of Anesthesiolagy

Chinese Anti-Cancer Association

Chinese Center for Disease Control and Prevention

Chinese Medical Association

Chinese Medical Association Saciety of Oncology

Chinese Oncology Society (Taiwan)

Chinese Preventive Medicine Association

Chinese Society of Anesthesiologists

Chinese Society of Clinical Gncology

Chinese Society of Therapeutic Radiology and Oncology / Chinese
Society of Radiation Oncology

Clinical Cancer Research Center

Clinical Oncology Society of Australia

Coc Member Organization Cancer Care Initiatives

Community oncology alliance

Complementary and Alternative Medicine for Cancer
Confederacion Latinoamericana de Sociedades de Anestesiologia
Confederation of European National Societies of Anaesthesiologists
Conseils pour la chimiothérapie

Cris Foundation for Cancer Research

Cure Cancer Australia Foundation

Danish Anaesthesiological Organisation

Danish Cancer Society

Danish Research School in Molecular Cancer Research

Danish Society of Intensive Care Therapy

Danish Society of Anaesthesiology and Intensive Care Medicine
Danish Society of Medical Oncology

Dansk Selskab for Cancerforskning

Deutsche Gesellschaft fiir Andsthesiologie und Intensivmedizin
Deutsche Interdisziplinare Vereinigung fur Intensiv- und Notfallmedizin
Dutch Assaciation of Medical Gncology

Dutch Association of Oncology Nurses

Dutch Belgian Hemato-Oncology Cooperative Group

Dutch Cancer Saciety

Dutch Society for Radiotherapy and Oncology

Dutch Society of Oncology

Dutch Society of Surgical Oncology

Eastern Cooperative Oncology Group

European (Spain) Website of Anaesthesia, Intensive Care and Pain
Medicine

European Academy of Anaesthesiology

European Assaciation for Cancer Education

European Assaciation for Cancer Research

European Cancer Organisation

European cancer prevention organization

European Masters Program in Radiation Sciences for Oncology
European organization for palliative care

European Organization for Research and Treatment of Cancer
European Palliative Care Research Collaborative

European School of Oncology

European Society for Hyperthermic Oncology

European Society for Intravenous Anaesthesia

European Society for Medical Oncology

European Society for Therapeutic Radiology and Oncology
European Society of Anesthesiology

European Society of Cancer Immunology and Immunatherapy
European Society of Intensive Care Medicine

European Society of Oncology Pharmacy

European Society of Surgical Oncology

Federacion Panamericana e Ibérica de Sociedades de Medicina
Criticay Terapia Intensiva

Fédération Nationale des Centres de Lutte Contre le Cancer
Federation of Spanish Cancer Societies

Fight Cancer Foundation

Foundation Cancer Research Switzerland

Foundation for Anaesthesia Education and Research
Foundation for European Education in Anaesthesiology
Foundation of Geriatric Oncology Netherlands

Freesia Group for Cancer Charities Spain

French National Institute of Cancer

French Society of Radiation Oncology

French Society of Surgical Oncology

German Cancer Aid

German Cancer Research Center

German Cancer Society

German Saciety for Hematology and Oncology

German Society of Radiation Oncology

[alian Association of Cancer Patients

Intercultural Cancer Council

Intercultural Cancer Council Caucus
International Agency for Research on Cancer
International Anesthesia Research Society
International Association for the Study of Pain
International Cancer Biomarker Consortium
International Cancer Microenvironment Society
International Cancer Rehabilitation Association
International Network for Cancer Treatment and Research
International Organization for Cancer Prevention and Researc
International Society for Biological Therapy of Cancer
International Society for Cell and Gene Therapy of Cancer
International Society for Oncology and Biomarkers

International Society for Preventive Oncology

International Society of Cellular Oncology

International Society of Chematherapy (ISC) for Infection and Cancer
International Society of Intraoperative Radiation Therapy
International Society of Oncology Pharmacy Practitioners
International Society of radiation oncology

International Union Against Cancer

y
y
y
y
y
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Ireland Cooperative Oncology Research Group

Irish Association for Cancer Research

Irish Association for Nurses in Oncology

Irish Cancer Data Assaciation

Irish Cancer Society

Irish Institute of Radiography and Radiation Therapy
Irish Society of Medical Oncology

Irish Saciety of Surgical Oncalogy

Israel Cancer Association

Italian Association for Cancer Research

Italian Association for Radiation Oncology

Italian Cancer Society

Italian Foundation for Cancer Research

Italian Institute for Cancer Rasearch and treatment
ltalian Institute of Medical Oncology

ltalian League Against Cancer

Italian Society for Surgical Oncology

Japan Clinical Cancer Research Organization

Japan Society of Clinical Oncology

Japan Society of Therapeutic Radiology and Oncology
Japanese Cancer Association

Japanese Foundation for Cancer Research

Japanese Organization of Radiotherapy Quality Management
Japanese Society of Anesthesiologists

Japanese Society of Hyperthemic Oncology

Japanese Saciety of Medical Oncology

La Ligue Nationale contre le Cancer

La Sociedad Espafiola del Dolor

La Sociedad Espafiola de Anestesiologia, Reanimacion y Terapéutica
del Dolor

['Association Ensemble contre a douleur
L'Assaciation pour la Recherche sur le Cancer (ARC)
Latin American and Caribbean Society of Medical Oncalogy
Latin American Association for Palliative Care

Latin American Cancer Research Coalition
Latin-American Group of Oncologic. Radiotherapy /Grupo Latino-
Americano de Curieterapia y Radioterapia Oncologica
Macmillan Cancer Support

Medical Oncology Group of Australia

Mediterranean School of Oncology

Multinational Association of Supportive Care in Cancer
National Association of Professional Cancer Coaches
National Cancer Institute

National Cancer Registrars Assaciation

National Cancer Research Institute

National Cancer Research Network

National Coalition for Cancer Survivorship

National Comprehensive Cancer Network

National Foundation for Cancer Research

National Health and Medical Research Council

t
t
t
t
t
t
t
t
t
National Institute of Health and Excellence

Navy Anesthesia Society

Nederlandse Vereniging voor Anesthesiologie

New Zealand Society for Oncology

New Zealand Society of Anaesthetists

Nordic Cancer Union

Norwegian Cancer Society

Norwegian Group on Inherited Cancer

Norwegian Society of Anaesthesiology

Oncology Nutrition Dietetic Group

Organisation of European Cancer Institutes

Organization for Oncology and Translational Research
Osterreichische Gesellschaft fiir Internistische und Allgemeine
Intensivmedizin

Peripheral Regional Anesthesia

Physician Assistants in Anesthesia

Prevent Cancer Foundation

Radiation Therapy Oncology Group

Royal Australian & New Zealand College of Radiologists

Royal College of Anaesthetists

Schweizerische Gesellschaft fur Intensivmedizin-Société Suisse de
Médecine Intensive

Scientific Association of Swiss Radiation Oncology

Scottish Intercollegiate Guidelines Network

Sino-American Network for Therapeutic Radiology and Oncalogy
Sociedad Espafiola de Enfermeria Oncoldgica

Sociedad Espafiola de Medicina Intensiva, Critica y Unidades Coronarias
Societa Italiana di Anestesia, Analgesia, Rianimazione e Terapia Intensiva
Societé de Réanimation de Langue Francaise

Société Frangaise d Anesthésie et de Réanimation

Societe Francaise du cancer

Societé suisse d'anesthesiologie et de réanimation/Schweizerische
Gesellschatt fur Anasthesiologie und Reanimation

Society for Ambulatory Anesthesia

Society for Anesthesia and Resuscitation of Belgium

Society for Education in Anesthesia

Society for Education in Anesthesia

Society for Integrative Oncology

Society for the Advancement of Geriatric Anesthesia

Society of Academic Anesthesiology Assaciations

Society of Neurosurgical Anesthesia and Critical Care

Society of Radiation Oncology Administrations

Society of Surgical Oncology

South African Oncology Consortium

South African Society of Clinical and Radiation Oncology

South African Society of Medical Oncology

South East Asian Radiation Oncology Group (SEAROG)
Southeast Anesthesiology Consultants

Spanish Association Against Cancer

Spanish Association for Cancer Research

Spanish Association of Radiotherapy and Oncalogy

Spanish Saciety of Chemotherapy
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Spanish Saciety of Medical Oncology:

Spanish Saciety of Surgical Oncology

Supportive and Rehabilitation Oncology

Swedish Cancer Society

Swedish Society for Anaesthesiology and Intensive Care
Swedish Society of Oncology

Swedish Surgical Society

Swiss Bridge Foundation

Swiss Cancer League, Swiss League Against Cancer

Swiss Federation Against Cancer

Swiss Group of Clinical Cancer Research

Swiss Institute for Experimental Cancer Research

Swiss Radiation Oncology Centers

Swiss Society for Oncology

Swiss Society of Medical Oncology

Swiss Society of Surgery

Taiwan Clinical Oncology Society

The American Academy of Pain Medicine

The American Board of Anesthesiology

The American Chronic Pain Assaciation

The American College of Surgeons Oncology Group (ACOSOG)
The American Academy of Anesthesiologist Assistants

The Anaesthesia Research Trust

The Anesthesia Foundation

The Assaciation of Anaesthetists of Great Britain and Ireland
The Assaciation of Anesthesia Clinical Directors

The Australian Organisation for Young Peaple Living with Cancer
The Australian Society of Post Anaesthesia and Anaesthesia Nurses
The Australian Pain Society

The Australian Patient Safety Foundation

Appendix 2.
Twenty four societies not eligible for cancer pain
analyses

Twelve of these did not have an accessible weh page:

9.

10.
1.
12.

International Society of Radiation Oncology
International Cancer Rehabilitation Association
Asia-Oceania Clinical Oncological Saciety
Confederation of European National Societies of Anaesthesiologists
Dutch Belgian Hemato-Oncology Cooperative Group
African Radiation Oncology Group

Asian Clinical Oncology Saciety

Irish Saciety of Medical Oncology

Irish Saciety of Surgical Oncalogy

Danish Anaesthesiological Organization

Chinese Medical Association Society of Oncology
China East Radiation Oncology Group

The Austrian Cancer League

The Belgian Saciety of Intensive Care Medicine

The British Medical Acupuncture Society

The British Pain Society

The Canadian Anesthesiologists' Saciety

The Cancer Information and Support Society

The European Cancer Patient Coalition

The European Oncology Nursing Society

The European Society of Digestive Oncology

The European Society of Regional Anesthesia and Pain Therapy
The Global Regional Anesthesia website

The Intensive Care Society of Ireland

The International Society for Anesthetic Pharmacology
The International Spine Intervention Society

The Japan Cancer Society

The Japanese Association for Molecular Target Therapy of Cancer
The National Board of Anesthesiology

The Neuroanaesthesia Society of Great Britain and Ireland
The New Zealand Association of Cancer Specialists

The Royal College of Radiologists

The Society of Anaesthetists of Hong Kong

The South African Society of Anaesthesiologists

The South Asian Association for Regional Cooperation
The UK Society for Intravenous Society

Trans-Tasman Radiation Oncology Group

World Anesthesia Society

World Cancer Research Fund International

World Federation of Surgical Oncology Societies

World Federation Societies of Anesthesiologists

World Institute of Pain

Nine had no functional weh page:

1. World Federation of Surgical Oncology Societies

2. Latin-American Group of Oncologic. Radiotherapy /Grupo Latino-
Americano de Curieterapia y Radioterapia Oncologica

European Master's Program in Radiation Sciences for Oncology
Danish Research School in Molecular Cancer Research

Irish Cancer Data Association

Age Anaesthesia Association

European Academy of Anaesthesiology

The Belgian Saciety of Intensive Care Medicine

Japanese Society of Hyperthemic Oncology

3 web pages were under construction:

1. Chinese Society of Therapeutic Radiology and Oncalogy / Chinese
Society of Radiation Oncology

2. British Oncological Assaciation

3. Osterreichische Gesellschaft fiir Internistische und Allgemeine
Intensivmedizin
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Hormonotherapy:
present and future in ER+ breast cancer

Emmanouil Saloustros', Dimitris Mavroudis?

ABSTRACT

Endocrine therapy is a fundamental component of the therapeutic armamentarium for the
management of early and metastatic, hormone receptor-positive breast cancer. Inevitably,
tumors develop resistance to endocrine therapy and, therefore, overcoming said resistance is
a key motivator of research in this field.

Relevant references for hormonal therapy in breast cancer including guidelines for clinical use
were identified by PubMed search and from the annual meeting proceedings of the European
and American Societies of Clinical Oncology and the San Antonio Breast Cancer Symposia.
This review summarizes the current status of endocrine therapy for the treatment of both early
and metastatic ER+ breast cancer. Current therapeutic strategies that could potentially reverse
endocrine resistance and future perspectives are also presented.

Combinations of endocrine therapy with HERZ targeting agents and/or compounds interfering
with PIBK/Akt/mTOR signaling pathway are two promising strategies for delaying or
overcoming endocrine resistance. Due to increased costs and the burden of toxicity associated
with these combination therapies, the importance of establishing predictive biomarkers cannot
be emphasized.

Key words: breast cancer, tamoxifen, aromatase inhibitors, endocrine resistance, everolimus.

INTRODUCTION

Breast cancer mortality has been declining
constantly in the recent years [1]. This decline
is due to earlier diagnosis, as a direct effect of
the widespread use of mammographic
screening, as well as to improvements in
surgical and adjuvant treatment (radiothe-
rapy, chemotherapy, endocrine therapy and
biologically targeted therapy) [2]. An increased
armamentarium of effective anticancer medi-
cations has also a positive impact on the pro-
gnosis of patients with metastatic disease [3].

Overall, about 80% of breast cancers express
estrogen receptors (ER) and/or progesterone
receptors (PgR). In patients with hormone
receptor-positive breast cancer, endocrine
therapy is a fundamental component of the
therapeutic strategy. Recent progress in the
research of endocrine therapy has produced a
significant number of novel active compounds
that are available for clinical use mostly in the
metastatic setting.

This review will briefly summarize the current
endocrine therapeutic options for both pre-
menopausal and postmenopausal women

with hormone receptor-positive early and
advanced breast cancer. We focus primarily
on the most recent results from randomized
trials evaluating pharmacological strategies
to overcome endocrine resistance.

HORMONAL THERAPY FOR EARLY-STAGE
BREAST CANCER

Endocrine therapy is critical for reducing the
risk of recurrence and promoting survival in
women with hormone receptor-positive early
breast cancer. Overall, the risk of disease re-
currence is reduced by approximately 40%
with adjuvant endocrine therapy [4]. Given this
substantial effect and the high prevalence of
hormone receptor-positive breast cancer, it is
reasonable to conclude that adjuvant endo-
crine therapy had the greatest impact on
reducing cancer mortality compared to other
anticancer medical therapies. In addition to
distant disease recurrence prevention, adju-
vant endocrine therapy reduces the risk of
locoregional recurrences and lowers the risk
of contralateral breast cancer by approxima-
tely 50% [4]. Based on these benefits, adjuvant
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Table 1.
Prognostic factors in hormone receptor-positive
breast cancer.

Tumor size (T]

Nodal status (N)

Tumor grade

Quantitative levels of hormone receptor expression

HER? expression status

Lymphovascular invasion

Multigene prognostic signatures, such as the 21-gene recurrence
score (Oncotype DX assay, Genomic Health Inc, Redwood City, CA,
USA)

endocrine therapy is recommended for nearly all patients
with hormone receptor—positive breast cancer irrespective
of tumor size or nodal status [5-7].

Tumor expression of ER and/or PgR has both a prognostic as
well as a predictive impact on adjuvant endocrine therapy.
In the absence of ER and/or PgR adjuvant endocrine therapy
is of limited or no benefit [8]. This observation leads to the
recommendation for routinely hormone receptor expression
testing for all newly diagnosed breast cancers [9]. Besides
the expression of hormone receptors, a variety of other
prognostic factors have been associated with an increased
recurrence risk of ER-positive breast cancer (Table 1). Taken
together, these biomarkers can help physicians to estimate
the likelihood of tumor recurrence and the expected absolute
treatment benefit. However, no other biomarker other than
the hormone receptor expression is currently available for
identifying patients who are likely to derive benefit from
adjuvant hormonal manipulations. Moreover, no biomarker
exists that can identify which endocrine treatment is optimal
for each individual patient.

Estrogen receptor-positive breast cancers have a different
pattern of tumor recurrence from other types of breast
cancer. Patients who did not receive adjuvant endocrine
therapy have the highest risk of recurrence in years 2
through 5 and then a steady persistent risk of recurrence
through at least 20 years after diagnosis [10]. However, if
adjuvant endocrine therapy is administered, the risk of
recurrence is reduced dramatically during the first 10 years
after diagnosis [11]. There is also a carryover effect, such as
in patients who had 5 years of endocrine therapy continue to
experience a lower risk of recurrence for at least 15 years
after breast cancer diagnosis. Despite these positive effects,
patients receiving adjuvant endocrine therapy need long-
term follow-up for the detection of second primary breast
cancers and non-breast cancer morbidity both of which
contribute a large percentage of events in studies of adjuvant
endocrine therapy.

Adjuvant endocrine therapy for premenopausal women
with hormone receptor-positive early breast cancer

Tamoxifen, which is effective irrespective of menopausal
status, remains the standard adjuvant endocrine therapy for
pre- or perimenopausal women with ER-positive breast
cancer [12]. The Early Breast Cancer Trialists" Collaborative
Group analyzed numerous prospective, randomized, clinical
trials of adjuvant tamoxifen and concluded that five years of
tamoxifen therapy lowers the risk of breast cancer recurrence
by approximately 40% and the risk of breast cancer mortality
by approximately 20% [4]. The benefits of tamoxifen were
seen regardless of patient age or menopausal status. The
optimal duration of tamoxifen treatment seemed to be 5 years
in total. However, the recent publication of the results from
the ATLAS trial raised a new question regarding this common
practice. Inthe ATLAS trial a 2.8% absolute reduction in breast
cancer-specific mortality has been shown for women who
received tamoxifen for 10 years compared to those who were
treated for 5 years [13]. Since only 10% of patients enrolled in
this trial were premenopausal, at present, 5 years of
tamoxifen remains the standard of care for premenopausal
women. Nevertheless, the results of the ATLAS trial certainly
should be discussed with the patient during the decision
making process.

The side-effects of tamoxifen have been well-recognized
(Table 2). Menopausal symptoms, such as hot flashes and
night sweats, and in premenopausal women, menstrual
irregularities are the most commonly seen. Tamoxifen is
associated with a low, yet increased risk of uterine cancer
and deep venous thrombosis, particularly in postmeno-
pausal women. Quality-of-life studies suggest that most
women receiving tamoxifen have a well-preserved quality
of life in all functional domains and that most of them
remain committed to their treatment.

Although some young women who receive adjuvant che-
motherapy may experience treatment-induced ame-
norrhea, the role of ovarian suppression in addition to
tamoxifen is a seminal issue in the management of preme-
nopausal women with early-stage breast cancer. Ovarian
suppression, mainly through the administration of
gonadotropin-releasing hormone analogues, is an effective
adjuvant treatment for women with ER-positive breast
cancer [4]. However, its role in the modern management of
ER+ early breast cancer remains unclear because of the
confounding effects of chemotherapy-induced amenorrhea
in younger women treated with adjuvant chemotherapy.
Uncertainty also exists regarding the relevant benefits since
the design of major clinical studies in the 1990s did not
analyze the impact of ovarian suppression in addition to
tamoxifen, but rather as an alternative to chemotherapy or
tamonxifen. Thus, the relative value of ovarian suppression in
addition to tamoxifen for pre- or perimenopausal patients is
still a matter of debate [14].

Several lines of indirect data suggest that patients with ER-
positive breast cancer may benefit from ovarian suppres-
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Tahle 2.

Side-effects of adjuvant endocrine therapy.

Tamoxifen
Vaginal discharge or dryness/atrophy

Increased risk of vaginal bleeding
and uterine cancer

Irregular menstrual cycles or amenorrhea
Hot flashes, night sweats
Mixed effects on bone density

Gynecological

Menstrual Function
Menopausal symptoms

Musculoskeletal health

Cardiovascular health Increased risk of deep vein thrombosis

sion in addition to tamoxifen. First, the addition of ovarian
suppression to tamoxifen improves outcomes in young
women compared with chemotherapy alone [15]. Second,
women who receive both chemotherapy and tamoxifen and
who experience treatment-induced amenorrhea have a
superior outcome compared with women who do not go
into menopause with therapy [16]. Finally, a meta-analysis of
ovarian suppression trials suggests that gonadotropin-
releasing hormone analogues might reduce the risk of
cancer recurrence [17]. This collective work supports the
hypothesis that ovarian suppression in addition to tamoxifen
might further lower the risk of breast cancer recurrence in
premenopausal women. However, definitive data is still
lacking. The Suppression of Ovarian Function Trial (SOFT), a
randomized study run by the International Breast Cancer
Study Group (BIG), that compares tamoxifen alone versus
tamoxifen plus ovarian suppression versus an aromatase
inhibitor (Al) plus ovarian suppression, will answer this
question. Women who experience ovarian suppression as
part of a program of adjuvant therapy seem to suffer more
intensive menopausal side-effects than women receiving
tamoxifen alone. This includes greater severity of hot
flashes, night sweats, and other climacteric symptoms as
well as osteoporosis [16].

Adjuvant endocrine therapy for postmenopausal women
with hormone receptor-positive early breast cancer

The introduction of aromatase inhibitors (Als) has defined a
new era in the adjuvant endocrine treatment of postmeno-
pausal women with hormone receptor—positive breast
cancer. Aromatase inhibitors block the conversion of
androgens to estrogens by the aromatase enzyme and lead
to depletion of circulating estrogen levels by 90% from
baseline [18, 19]. Presumably, the resultant estrogen
deprivation is responsible for the antineoplastic effects of Al
therapy. Since premenopausal women have residual ova-
rian function and retain the capacity to up-regulate aroma-

Aromatase Inhibitors
Vaginal dryness/atrophy

Ovarian Suppression
Vaginal dryness/atrophy

Not applicable Amenorrhea

Hot flashes, night sweats Hot flashes, night sweats
Osteapenia, osteaporotic fractures Osteapenia
Musculoskeletal (arthralgia) syndrome

Increased risk of hypercholesterolemia, Unknown

hypertension

tase expression in the ovarian tissue in response to estrogen
deprivation, Als are contraindicated in this patient population.

Aromatase inhibitors have been studied in several contexts
as adjuvant endocrine treatment for postmenopausal
women. Most of the major adjuvant trials have compared
Al-based treatment with the historical standard of 5 years
tamoxifen. The development of Als as adjuvant treatment
included studies of upfront endocrine therapy, which used
Als as initial treatment instead of tamoxifen; sequential
endocrine therapy, which integrated Als as adjuvant treat-
ment after several (typically 2 to 3) years of tamoxifen; and
extended adjuvant therapy, which explored Al-based
treatment after 5 years of adjuvant tamoxifen. The major
adjuvant trials that have been reported in the past decade on
the role of Als in the adjuvant setting are summarized in
Table 3. These trials demonstrated that Als are an important
component of adjuvant endocrine treatment for postmeno-
pausal women with early breast cancer. Incorporating an Al
during the first 5 years of adjuvant endocrine treatment, or as
extended therapy after 5 years of tamoxifen, is associated
with a 15% to 20% reduction in the risk of breast cancer re-
currence compared with tamoxifen. The absolute difference
in breast cancer events associated with Al-based therapy
compared with tamoxifen is only 2% to 3% but this is mostly
due to the generally favorable prognosis for most post-
menopausal women with early-stage breast cancer. The
improvement in breast cancer outcome includes reduction
in the risk of distant recurrence as well as reduction in
locoregional events and contralateral breast cancer [20].
These modest gains are noted when comparing upfront use
of an Al versus tamoxifen or tamoxifen alone versus a se-
quence of tamoxifen followed by an Al [21]. Regarding overall
survival, no study has reported a significant survival adva-
ntage for initial use of an Al compared with a sequential
treatment strategy incorporating tamoxifen followed by an
Al. However, compared with tamoxifen treatment alone, se-
quential use of an Al may confer a modest survival advantage.

It seems that different treatment strategies yield similar
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Table 3.

Major trials of Al therapy as adjuvant treatment in early-stage, hormone receptor-positive breast cancer.

Study Schema Duration (yr) Al Ref
ATAC TAM versus Al versus TAM + Al 5 ANA 3132
BIG 1-98 TAM — Al versus Al = TAM versus h LET 3334
TAM versus Al
Primary endocrine therapy ABCSG 12 TAM versus Al 5 ANA 3%
(premenopausal at diagnosis; all
patients receive ovarian suppression)
TEAM Al versus TAM /Al 5 EXE 36
: i IES TAM versus TAM /Al 5 EXE 37
Sequential endocrine therapy oy o TAM versus TAM /A 5 ANA 3
(after 2-3 years of TAM) ABSCG 8
Extended endocrine therapy MA17 Al versus placebo 10 LET 40
ffter 6 years oA TAM] ABCSG 6a Al versus placebo 7 ANA 4]
NSABP B-22 Al versus placebo 10 EXE &2

ABCSG, Austrian Breast and Colorectal Cancer Study Group; ANA, anastrozole; ARNO 95, Arimidex-Nolvadex; EXE, exemestane; IES, Intergroup
Exemestane Study: LET, letrozole; NSABP. National Surgical Adjuvant Breast and Bowel Project; TAM, tamoxifen

outcomes, provided that an Al is incorporated in the
therapeutic plan at some point. Direct comparisons of
results between initial use of an Al and sequential treatment
with tamoxifen followed by an Al showed equivalent rates of
tumor recurrence in the BIG 1-98 and the Tamoxifen
Exemestane Adjuvant Multicentre (TEAM] trials. When an Al
(anastrozole) was combined with tamoxifen, the outcome
was not superior to tamoxifen alone in the Arimidex,
Tamoxifen Alone or in Combination (ATAC) study. Therefore,
a recommendation for consideration of an Al at some point
during adjuvant endocrine treatment in postmenopausal
women is supported by these findings [22].

Open questions remain about the optimal timing of Al
therapy compared with tamoxifen and whether or not a
treatment prolongation, accomplished by extended therapy
with tamoxifen followed by an Al, would be different than
initial use of an Al. Another open question is the optimal
duration of Al treatment. Whether or not longer use of an Al
in excess of 5 years' total duration is more effective and still
safe is a matter of ongoing clinical research. No studies
reported to date have directly compared one Al versus
another in the adjuvant setting. In broad terms, the findings
with all the commercially available Als (anastrozole, exe-
mestane, and letrozole) seem qualitatively similar. Thus, it
seems likely that the benefit seen with Al treatment re-
presents a class effect. Ongoing clinical trials are comparing
directly one Al versus another.

Patients taking Als are at greater risk for musculoskeletal
health problems, including accelerated bone loss and
fractures, than women taking tamoxifen [23]. Bisphospho-

nate therapy seems to ameliorate Al-associated bone loss
[24-25]. Additionally, Als are associated with a unique
arthralgia syndrome, characterized by muscle and joint pain
and stiffness, which is common -although usually of
modest intensity [26]. They are also associated with a slightly
greater risk of hypertension and hypercholesterolemia but
whether these adverse effects have any long-term cardiac
consequences is not yet well characterized [27]. The side-
effects of treatment with Als are summarized in Table 2.

Considerable interest remains in the efforts to tailor specific
adjuvant endocrine treatment options for each individual
patient based on tumor characteristics, biomarkers or phar-
macogenomics. Unfortunately, there is only retrospective
data on these topics and the results remain inconclusive. At
present, there does not seem to be sufficient data to support
CYP2D6 genotyping for predicting whether tamoxifen is a
suitable treatment option for a specific woman [28]. A variety
of pathologic and other biomarker studies confirm prognostic
markers for patients treated with Als [29-30]. However, this
data lacks sufficient power for predicting which treatment
strategy (tamoxifen alone, Al alone, or a sequence of
tamoxifen and an Al) would be best for a particular woman. At
present, the recommendation for selecting the initial
endocrine treatment should be based on available data of
efficacy, side-effects, and patient preference.

HORMONAL THERAPY FOR METASTATIC BREAST
CANCER

Historically, endocrine therapy represents the first form of
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Table 4.

Randomized studies comparing third-generation aromatase inhibitors with tamoxifen in the first-line treatment of

hormone receptor-positive, metastatic breast cancer.

Treatment Patients (N) ORR (%)
Letrozole 2.5 mg 458 £7A
Tamoxifen 20 mg 458 21
Anastrozole 1 mg 340 33
Tamoxifen 20 mg 328 33
Letrozole 2.5 mg 17 21
Tamoxifen 20 mg 182 17
Exemestane 25 mg 182 46*
Tamoxifen 20 mg 189 31

PFS (months) 0S (months) Ref
9.4* 34 5
60 30
82 NR b6
83 NR
1.1 57
b6
9.9* 372 3
58 433

ORR: Overall response rate; 0S: Overall survival: PFS: Progression-free survival: NR: not reported

*Statistically significant difference

medical therapy for metastatic breast cancer patients disco-
vered by an empirical observation made in women sub-
mitted to surgical oophorectomy [43]. In the years that follo-
wed, several forms of endocrine manipulations were tested,
including estrogens, progestins, androgens or anti-andro-
gens [44]. These treatments led to some antitumor activity in
patients that, at the time, were not selected according to the
hormone receptor status of the tumor. Indeed, the discovery
of the ER and its correlation with tumor endocrine response
occurred decades after initial observation [45].

When cytotoxic chemotherapy was introduced for the
treatment of breast cancer, growing enthusiasm for this
form of therapy generated a dichotomy that persisted until
recently in the mind of oncologists. This dictated that che-
motherapy was preferable in younger patients with visceral
disease, whereas endocrine therapy -supposedly less
active- was restricted to older patients, who were unsuitable
for chemotherapy or who had indolent metastatic disease
[46]. Randomized studies conducted to explore a possible
superiority of chemotherapy compared to endocrine
treatment, showed better response rates for chemotherapy,
but no difference in overall survival [47]. Nowadays, this
comparison is no longer therapeutically relevant; chemo-
therapy is still recommended upfront for patients with life-
threatening disease, while endocrine therapy is considered
to be a better option for patients with endocrine-responsive
visceral or non-visceral disease [48]. International guidelines
emphasize the role of first-, second- and even third-line
endocrine therapy for patients who are selected on the basis
of hormone receptor positivity and potential endocrine-
responsiveness [48].

Most of the data reviewed here refer to postmenopausal
women, where absence of ovarian function is a prerequisite
for the effectiveness of aromatase inhibitors and the

selective ER down-modulator fulvestrant. However, several
studies have shown that these compounds may also be
active in premenopausal metastatic breast cancer patients if
concomitant therapeutic ovarian function suppression is
achieved [44, 45].

Aromatase Inhibitors

For several years the cornerstone of endocrine therapy in
metastatic breast cancer has been tamoxifen [12]. lts
success was due to its higher efficacy and better tolerability
compared to previously used compounds such as pro-
gestins [49]. Continuing efforts to discover different strategies
for treating tamoxifen-resistant breast cancer led to the
development of aromatase inhibitors (Als). The initial
compounds of this class had significant toxicity with non-
specific action. However, these limitations have been
overcome with the third generation non-steroidal Als
anastrozole and letrozole as well as the steroidal Al exe-
mestane [50]. A number of randomized trials compared Als
with megestrol acetate (MA] and with tamoxifen in patients
with tamoxifen-resistant and potentially hormonal-sensitive
advanced breast cancer, respectively [51-58]. Overall, Als
compared favorably to MA in terms of clinical efficacy and
tolerability.

In the setting of potentially tamoxifen-sensitive patients, the
results of randomized trials are summarized in Table 4. Als
became the first-line option of choice in women with hor-
mone receptor-positive metastatic breast cancer. Therefore,
any new endocrine compound should henceforth be com-
pared with them. Currently, there is no solid evidence indi-
cating that a particular Al is preferable to another. In the
second-line setting, letrozole showed a slight superiority in
terms of response rate compared to exemestane with no
difference in time-to-progression [59]. Another randomized
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Table 5.

Randomized studies of fulvestrant in postmenopausal women with hormone receptor-positive, metastatic breast

cancer.

Treatment Patients (N) ORR (%)
Fulvestrant 250 mg 428 192
Anastrozole 1 mg 423 165
Fulvestrant 250 mg 313 316
Tamoxifen 20 mg/d 274 39
Fulvestrant 250 mg 351 74
Exemestane 25 mg 342 6.7
Fulvestrant 250 mg 362 9.1
Fulvestrant 500 mg 374 102
Fulvestrant 250 mg 102 238
Anastrozole 1 mg 103 211

PFS (months) 0S (months) Ref
55 274 62
4] 217
68 369 63
83 387
37 NR 66
37 NR
65" 5 69
55 28

B4 NR 70
131 NR

ORR: Overall response rate; 0S: Overall survival: PFS: Progression-free survival: NR: not reported

“Statistically significant difference

phase Il study failed to show any significant difference
between anastrozole and exemestane [60].

Fulvestrant

Fulvestrant competes with estradiol for the ER and therefore
is a selective estrogen receptor modulator (SERM). Upon
binding, fulvestrant induces estrogen-receptor down-
regulation and degradation [61]. Unlike other endocrine
therapies (tamoxifen and Als), fulvestrant is administered
intramuscularly and showed encouraging activity in
tamoxifen- and Als-resistant preclinical models.

Fulvestrant was approved for the treatment of postmeno-
pausal women with hormone receptor-positive metastatic
breast cancer based on the results of two randomized trials
comparing this compound with anastrozole [62]. In another
randomized, placebo-controlled study, fulvestrant admini-
stered at the dose of 250 mg, was compared to tamoxifen as
first-line treatment of metastatic breast cancer [63]. Ful-
vestrant had a similar efficacy with tamoxifen in the sub-
group of patients with hormone receptor-positive tumors,
although the study was not designed to show non-inferiority.
In fact, disease control rate was higher with tamoxifen than
with fulvestrant. This difference in early activity was
explained by the fact that, when administered at the
conventional monthly schedule and dose, it takes 3-6
months for fulvestrant to reach its steady state concentration
[64]. This finding provided the rationale to refine the dose and
schedule of administration in order to achieve the drug's
steady-state concentration sooner. This goal was achieved
by doubling the first dose of fulvestrant to 500 mg and led to
a steady state in just a few weeks, rather than months [65].
This schedule of administration (500 mg on day 0; 250 mg on

days 14 and 28, followed by 250 mg monthly) was compared
to exemestane in the Evaluation of Faslodex versus Exe-
mestane Clinical Trial (EFECT] [66]. The control arm of this
study was selected to reflect the common practice of using
exemestane after a non-steroidal Al failure. This strategy
was based only on nonrandomized trials or case series,
suggesting non-cross-resistance between the two
molecular classes of Als [67, 68]. However, despite the
loading dose, fulvestrant and exemestane showed similar
clinical activity in this patient population.

Increasing the dose to 500 mg per administration by two
intramuscular injections was the next step in the optimiza-
tion of fulvestrant treatment. When compared to the classical
monthly schedule of 250 mg per injection, 500 mg resulted
in progression-free survival (PFS) prolongation with compa-
rable tolerability [69]. Finally, fulvestrant 500 mg was com-
pared with anastrozole as first-line treatment of hormone-
sensitive metastatic breast cancer in the Fulvestrant
First-Line Study (FIRST) [70]. Although best overall response
and clinical benefit rates were similar between the two
groups, fulvestrant resulted in a 34% reduction in the risk of
progression [median PFS 23.4 months versus 13.1 months;
Hazard Ratio (HR) = 0.66; 95% Confidence Interval (Cl): 0.47-
0.92; p = 0.01]. Based on these observations, fulvestrant
administered at a dose of 500 mg is approved for the
treatment of hormone receptor-positive metastatic breast
cancer in postmenopausal women with disease progression
following anti-estrogen therapy. The aforementioned trials
of fulvestrant are summarized in Table 5.

STRATEGIES TO OVERCOME ENDOCRINE RESISTANCE
Although endocrine therapy is the mainstay of treatment for
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a substantial proportion of metastatic breast cancer patients,
the vast majority of them will eventually develop resistance.
This clinical problem has been the focus of extensive
preclinical research in an effort to understand both primary
and acquired resistance, and to develop strategies to
overcome them [71]. Much of this valuable preclinical re-
search has been generated in hormone receptor-positive
breast cancer cell lines and showed that, not only the ER is
persistently expressed in most endocrine resistance models,
but it also becomes instrumental to resistance and can still
be stimulated by its physiological ligand [71]. The ER is, in fact,
part of an adaptive network that enables cancer cells to
escape simple manipulations like those represented by the
currently available endocrine therapies. For example,
molecular cross-talk between the ER and tyrosine kinase
receptors belonging to the family of the epidermal growth
factor receptor (EGFR), in particular, the specific member,
HER?2, has been invoked as a mediator of resistance to
endocrine therapy [72]. Another interaction that seems to be
crucial in mediating resistance to endocrine therapy involves
the phosphatidylinositol 3-kinase (PI3K)/Akt/mammalian
target of rapamycin (mTOR) pathway, a ubiquitous signal
transduction pathway also interconnected with other tyrosine
kinase receptors, including, but not limited to EGFR family [71,
73-74]. These observations have provided the rationale for
designing clinical trials evaluating combinations of endocrine
agents with drugs targeting other interconnected pathways.

Combination of endocrine agents and HER2 targeted
therapies

The HER2 oncogene is amplified and/or overexpressed in
15-20% of human breast cancers. HER2 is well chara-
cterized, both as a prognostic factor and as a predictive factor
of biological therapy [75]. About half of HER2-positive tumors
also co-express the hormone receptor. Given that HER2
positivity is associated with resistance to both tamoxifen and
Als, the combination of endocrine therapy and anti-HER?2
agents has a strong therapeutic rationale [71]. This rationale
has been tested in three randomized trials that have been
fully published [76-78]. The combination of anastrozole and
trastuzumab was compared with anastrozole monotherapy,
as first-line treatment for patients with HER2- and hormone
receptor-positive advanced breast cancer in the Trastu-
zumab and Anastrozole Directed against ER-Positive
HER2-Positive Mammary Carcinoma’ (TanDEM] trial [76].
Patients who received the combination of trastuzumab and
anastrozole experienced a doubling in median PFS (4.8 vs.
2.4 months; p = 0.016) and a significant increase in the
overall response rate (20.3% vs. 6.8%; p = 0.018), compared
to those who received anastrozole alone. Furthermore,
these improvements were achieved at the cost of a modest
increase in some side-effects like fatigue, diarrhea, vo-
miting, arthralgia and pyrexia, which were mostly of grade
1 and 2 in severity. No difference in median overall survival
was noted but it is noteworthy that 70% of the patients in the

anastrozole arm who experienced progressive disease
subsequently received a trastuzumab-containing regimen.

The same design, but with a different Al, was studied in the
‘Efficacy and Safety of Letrozole Combined with Trastu-
zumab in Patients with Metastatic Breast Cancer’ (eLECTRA)
study [77]. Similarly to the TanDEM findings, the addition of
trastuzumab to letrozole was associated with improved PFS
and clinical benefit rate but the results did not reach
statistical significance since the trial closed prematurely due
to slow accrual. Finally, the combination of letrozole and
lapatinib, a dual HER1/HER? tyrosine kinase inhibitor, as
compared with letrozole monotherapy, resulted in a doub-
ling of the response rate and time-to-progression, in the
'EGF30008 trial. This large, double blind, randomized trial
conducted in 1286 women with hormone receptor-positive
breast cancer who were not selected on the basis of HER2
status [77, 78]. As expected, patients with centrally confirmed
HER2-negative tumors (n = 952) had no improvement in
PFS. However, the addition of lapatinib to letrozole was
accompanied by an increase in those side-effects that are
commonly associated with the dual tyrosine kinase inhibitor.
Although, overall, grade 3 and 4 events were rare in both
arms, diarrhea, cutaneous rash, nausea, vomiting, hot
flushes, pruritus and alopecia were significantly more
common in the lapatinib arm.

In these three trials, women treated with endocrine therapy
alone experienced response rates 7-15% and median time-
to-progression 2.4-3.3 months, supporting the relative
resistance to hormonal treatment of HER2-positive breast
cancers. These results demonstrated that combined
targeted strategy may overcome the HERZ2-associated
endocrine resistance, and represents a reasonable the-
rapeutic option for patients with hormone receptor- and
HER2-positive disease.

Combination of endocrine agents and EGFR targeted
therapies

Similarly to what has been described for HER2, the over-
expression of EGFR has been associated with resistance to
endocrine therapies [72]. Inhibition of EGFR activity may
overcome endocrine resistance as suggested by preclinical
models [72]. Unlike HER2, the EGFR is a much more elusive
target in breast cancer, since its overexpression is restricted
to ‘basal-like’ tumors, which do not express hormone
receptors, or HERZ [80]. The data of both EGFR inhibition and
endocrine therapy in metastatic breast cancer patients is
limited, with the majority of the studies not preselecting
patients on the basis of EGFR status. Instead, investigators
have attempted to stratify the patients by clinical chara-
cteristics that could suggest endocrine sensitivity or endo-
crine resistance. We have already reported that the addition
of the dual EGFR and HER? inhibitor lapatinib to letrozole did
not offer any PFS benefit in HER2-negative patients in the
‘EGF30008 trial [79]. Interestingly, ‘tamoxifen-resistant’ pa-
tients (who relapsed or progressed during, or within 6
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Table 6.

Randomized studies of everolimus in postmenopausal women with hormone receptor-positive breast cancer.

Treatment Patients (N) ORR (%)
Everolimus + Letrozole 132 68.1*
Letrozole + Placeho 138 591
(neoadjuvant study)

Everolimus + Tamoxifen b4 61"
Tamoxifen 57 42
Everolimus + Exemestane 485 95
Exemestane (refractory to 239 04

anastrozole/letrozole)

PFS (months) 0S (months) Ref
NR NR 90
NR NR
86 31 9
45 16
17* NR 9
4] NR

ORR: Overall response rate; 0S: Overall survival: PFS: Progression-free survival; NR: not reported

“Statistically significant difference; * Clinical benefit rate

months from, the completion of adjuvant tamoxifen
treatment) experienced a trend towards a meaningful
improvement in PFS by the addition of lapatinib. In particular,
the magnitude of benefit was in the same range with that
observed in HER2-positive patients.

Gefitinib, a pure EGFR tyrosine kinase inhibitor, was added to
tamoxifen in patients with hormone receptor-positive
advanced breast cancer in the context of a phase Il rando-
mized trial [80]. Patients were stratified according to clinical
criteria of endocrine responsiveness or resistance. In wo-
men with newly-diagnosed metastases or those who had
recurred at least one year after the completion of adjuvant
tamoxifen, gefitinib in addition to tamoxifen resulted in me-
dian PFS improvement (10.9 versus 8.8 months; HR = 0.84;
95% Cl, 0.59-1.18) that met the protocol's criteria to warrant
further investigation of this strategy. To the contrary, the
group of patients defined as being resistant to Als, derived
no benefit from the addition of gefitinib to tamoxifen.

A third randomized trial studied anastrozole with or without
gefitinib in patients defined as tamoxifen-resistant [82]. A
marked advantage in median PFS in patients treated with
the combination compared with those treated with
anastrozole and placebo (14.7 versus 8.4 months; HR = 0.55;
95% Cl, 0.32-0.94] was found. The authors concluded that
endocrine therapy resistance might be delayed by the
inhibition of growth factor signaling. The clinical impact of
this study is unfortunately limited by the fact that enrollment
was prematurely discontinued because of slow accrual. The
enrichment of the study population with patients sharing
EGFR activation as a mechanism of adaptation to tamoxifen
inhibition may explain the observed benefit of EGFR target-
ing. Interestingly, in one neoadjuvant study conducted in
patients who had been preselected on the basis of EGFR
overexpression, gefitinib alone or in combination with
anastrozole showed inhibition of tumor-cell proliferation as
measured by the Ki67 antigen labeling index [83].

Combination of different endocrine agents

Several models of endocrine resistance are characterized by
a fully functional estrogen receptor with the ability to circum-
vent tamoxifen inhibition or long-term estrogen deprivation.
The combination of fulvestrant and an aromatase inhibitor,
compared with either agent alone, delays the development of
resistance by down-regulation of several signaling molecules
involved in the development of resistance [84, 85]. There are
three randomized trials exploring the combination of
fulvestrant with an aromatase inhibitor that showed overall
an unclear benefit for the combination. The addition of
anastrozole to fulvestrant versus anastrozole alone was
studied in the FACT trial [86]. Both postmenopausal and
premenopausal women receiving a gonadotropin-releasing
hormone agonist (GnRH) were eligible for this study. Patients
had to be sensitive to Als, defined as either no prior exposure,
or relapse occurring at least 1 year after the completion of
adjuvant endocrine therapy. There was no difference between
the two arms with regards to time-to-progression that was
the primary study endpoint, as well as clinical benefit rate and
overall survival.

The same question, whether the combination of anastrozole
and fulvestrant would be superior to anastrozole alone as
first-line therapy, was evaluated in the SWOG 5226 trial [87].
The design included stratification by prior tamoxifen expo-
sure. Qverall, the study was positive in terms of its primary
endpoint, with a small, but statistically significant 1.5-month
increase in median progression-free survival (15 vs. 13,5
months; HR = 0.8; 95% Cl. 0.68-0.94).

In the third study, patients with resistant disease to non-
steroidal Als were randomized to fulvestrant plus ana-
strozole, fulvestrant plus placebo or exemestane [88]. Simi-
larly to the previous studies, the combination of fulvestrant
and anastrozole fared equally to the other arms in terms of
PFS that was the primary end point as well as, response
rate, clinical benefit rate and overall survival.

September 2013



40 / FCO /Hormonotherapy: present and future in ER+ breast cancer

We sould underline that, in all these studies, fulvestrant was
administered at a monthly dose of 250mg, which has been
shown to be inferior to the currently accepted high-dose
regimen of the CONFIRM trial. Whether the combination of
high-dose fulvestrant (500 mg per month) in combination
with anastrozole is superior to anastrozole alone should be
addressed in future trials.

Combination with mTOR inhibitors

Alterations of the PI3K/Akt/mTOR signaling pathway are
common in hormone receptor-positive breast cancer, and
have been associated with resistance to endocrine therapy
[74, 89]. The mTOR inhibitors have been shown to be
clinically effective and well-tolerated in various cancers [89].
Everolimus, a rapamycin derivative inhibitor of the mTOR
pathway, was evaluated in a randomized phase Il study.
Postmenopausal women with operable, hormone receptor-
positive, HER2-negative breast cancer were randomized to
neoadjuvant letrozole (2.5 mg/day) plus everolimus (10
mg/day) or letrozole plus placebo for 4 months before
surgery [90]. The study required tumor biopsies both at
baseline and after 15 days of treatment for evaluation of PI3K
mutations, Kié7, phospho-Sé (@ downstream target of
mTOR), Cyclin D1 and the PgR. The addition of everolimus to
letrozole was associated with an increased objective
response rate, a higher rate of Ki67 response, together with
down-regulation of phospho-Sé, Cyclin D1 and PgR.

Two studies evaluated the addition of everolimus to endo-
crine therapy in the metastatic setting [91, 92]. In the Tamo-
xifen plus Everolimus (TAMRAD] trial, 111 postmenopausal
women with hormone receptor-positive, HER2-negtive
advanced breast cancer who had been previously exposed
to an Al, were randomized to receive tamoxifen with or
without everolimus [?1]. Everolimus significantly prolonged
both PFS and overall survival (OS] in the overall patient
population. Trial design included stratification according to
type of resistance to previous treatment with Als. Disease
recurrence within 6 months from the completion of adjuvant
therapy with an Al, or progression within 6 months from the
initiation of an Al to treat metastatic disease was defined as
primary resistance. All the other patients were defined as
having secondary endocrine resistance. Everolimus was
highly beneficial in women with secondary endocrine-
resistant tumors while no effect was seen in patients with
primary endocrine-resistant tumors.

Finally, and most importantly, everolimus in combination with
exemestane was evaluated in the randomized BOLERO-2
study [92]. Seven-hundred twenty four postmenopausal
women, who had recurrence or progression while receiving
therapy with a non-steroidal Al (adjuvant or metastatic
setting), were randomized in a 2:1 ratio to exemestane plus
everolimus or exemestane plus placebo. About 60% of
patients in both arms had also previously received an anti-
estrogen (tamoxifen or fulvestrant). Everolimus led to a
statistically significant increase in progression-free survival,

which was the primary study end point, along with a signi-
ficant increase of response rate (10.6 vs. 4.1 months; HR =
0.36, 95% Cl; 0.27-0.47, p < 0.001 and 9.5% vs. 0.4 p < 0.001,
respectively). A more recent update of BOLERO-2 results also
showed a trend towards a numerical reduction in deaths in
the combination arm (25.4% in the everolimus vs. 32.2% in the
placebo arm), although analysis of survival was not mature
enough to reach final conclusions on the survival end point
[93].

In all three cited studies, the addition of everolimus was
associated with a modest increase in toxicity. Fatigue,
stomatitis, rash, anorexia and diarrhea were, in fact, more
frequent in the combination arms. In the BOLERO-2 trial, for
example, the rate of serious adverse events in the combi-
nation arm was almost twice than in the placebo arm (23%
vs. 11%). Furthermore, more patients discontinued ever-
olimus in the combination arm due to adverse events (19%
vs. 4%), or consented withdrawal (5% vs. 2%). Similarly, a
higher percentage of patients also discontinued exemestane
in the combination arm than in the control arm. Beyond
these potentially serious adverse events, the addition of
everolimus to exemestane in the BOLERO-2 trial was
associated with an increase in the incidence of those side-
effects that can also be associated with exemestane alone,
like stomatitis, diarrhea and appetite loss. Although mostly
grade 1 and 2 in severity, these toxicities are likely to have an
impact on treatment feasibility in some patients in the
clinical practice.

CONCLUSIONS AND FUTURE PERSPECTIVES

Adjuvant endocrine treatment is an essential component of
treatment for patients with hormone receptor—positive early
breast cancer. For postmenopausal women with early
disease, tamoxifen, Als, or a sequence of these agents are
the available options. It seems that incorporating an Al at
some point improves outcome compared with tamoxifen
alone. Tamoxifen and Als have distinct side-effect profiles
that clinicians should take into account. Among premeno-
pausal women, tamoxifen remains the standard treatment.
The role of ovarian suppression in addition to tamoxifen is
still under investigation. Indirect data suggests that there
may be a role for ovarian suppression, but this is not yet a
standard treatment option. Questions about the duration of
adjuvant endocrine therapy, the use of biomarkers for
treatment selection and prognosis, and the management of
side-effects of adjuvant endocrine therapy remain key areas
of ongoing investigation.

In the metastatic setting, postmenopausal women can
derive disease control via different lines of endocrine the-
rapy. Either an aromatase inhibitor or fulvestrant can be
considered as optimal first-line treatments. For patients who
experience disease progression during treatment with one
of these compounds, switching to the other (i.e., failure with
Al switch to fulvestrant or vice versa) or, for patients starting
with an Al, a switch to an Al of a different molecular class
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(i.e., failure with letrozole, switch to exemestane) are reaso-
nable treatment strategies. A third possibility could be
tamoxifen in those patients who had never been exposed to
this compound, or that fulfill the criteria for potential
tamoxifen sensitivity or progestins.

The issue of clinical resistance to endocrine therapy is a key
motivator of clinical research in this setting. We believe that
the two most promising strategies are the combination of
endocrine agents with HER2-targeting agents in hormone
receptor-positive/HER2-positive tumors, and interference
with the PI3K/Akt/mTOR axis. Regarding mTOR inhibition in
particular, the BOLERO-2 data is practice-changing, and likely
to open an exciting new field of research. One common

problem with these strategies is that improvements in
outcome are accompanied by an increase in toxicity. Efforts
should be concentrated on defining predictive markers of
efficacy and toxicity for the different therapeutic strategies,
rather than defining eligibility based on clinical surrogates of
endocrine resistance or sensitivity. In the era of personalized
medicine, both the cost-effectiveness and the toxicity to
benefit ratio have to be optimized by better patients’ selection
for each therapeutic strategy.
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Detection of EGFR and KRAS mutations in NSCLC
patients of Greek origin in daily clinical practice

Aristea Kalikaki', Anastasios Koutsopoulos?, Maria Sfakianaki', Elpida Giannikaki**, Emmanouil Kontopodis*,
Sofia Agelaki', John Souglakos'*, Athanasios Kotsakis'*, Eleni Lagoudaki?, George C. Georgiou?,

Eleftheria Tsakalaki', Maria Trypaki', Elissavet Papadimitraki, Dimitris Mavroudis'*, Vassilis Georgoulias'*,
Alexandra Voutsina'

ABSTRACT

Background: Owing to novel therapeutic strategies in patients with epidermal growth factor
receptor (EGFR) mutations, molecular analysis of the EGFR gene has become crucial for routine
diagnostics. Moreover KRAS mutation status is considered in clinical trials designs. The aim of
this study was to evaluate the frequency of EGFRand KRAS mutations in a population of Greek
patients with non-small-cell lung cancer (NSCLC]).
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Patients & Methods: A total of 639 specimens (tissue or cytological material of primary and
metastatic lung carcinomas) from Greek advanced NSCLC patients were analyzed for EGFR
(exons 18-21) and KRAS (exon 2) somatic mutations by Sanger sequencing, and their
associations with clinicopathological characteristics (including gender, smoking habit,
histological subtype and tumor location) were examined.

Results: The incidence of patients with EGFR and KRAS mutations was 15.7% and 20.8%,
respectively. Classical EGFR mutations were observed in 51 (8%) patients including 31 women
whereas “other” EGFR variants were detected in 49 (7.7%) patients, including 8 women. Three
point mutations have not previously been described, while 9 patients harbored compound
EGFR mutations. Despite the conventional understanding of mutual exclusivity of EGFR and
KRAS mutations, we identified ten dual mutations, including 9 with “other” EGFR variants.
Classical EGFR mutations were more frequently observed in females (p < 0.001), non-smokers
(p < 0.001) and adenocarcinomas (p = 0.007). KRAS mutations (20.8%) were more frequent in
adenocarcinomas (p = 0.008) and were associated with smoking habits (p = 0.005).

Conclusions: The incidence of EGFR and KRAS mutations is similar in our cohort compared

with the one reported for European cancer patients and are present in both men and women
as well as in smokers and never-smokers.
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INTRODUCTION

Lung cancer is the main cause of cancer-
related death worldwide, with over one million
deaths per year [1]. Non-small-cell lung

in the advanced or metastatic stage with a
median survival of about 4-5 months while the
1-year survival rate is less than 10%, if left
untreated [3].

cancer (NSCLC) accounts for about 80% of lung
cancer cases and can be further divided into
three major subclasses: adenocarcinoma
(ADC); squamous cell carcinoma (SCC) and
large-cell carcinoma (LCC). In Greece, lung
cancer ranked first in males and third in
females, with an incidence of 26.3% and 7%,
respectively [2]. Despite advances in mole-
cular pathology and improvement in screen-
ing programs, patient prognosis remains
poor. Most patients with NSCLC are diagnosed

Epidermal growth factor receptor (EGFR)] is
critically involved in NSCLC pathogenesis and
has recently emerged as an important target
for molecular therapeutics. Previous studies
have shown that activating mutations in the
tyrosine kinase domain of the EGFR are
significantly associated with sensitivity to
tyrosine kinase inhibitors (TKls), gefitinib and
erlotinib [4-6]. Several clinicopathological
factors have been identified as related to EGFR
mutations, including adenocarcinoma histolo-
gy, female gender, non-smoking status, and
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East Asian ethnicity [5, 6]. However, the frequency of EGFR
mutations varies from 27 to 60% in Asians, 8 to 13% in Euro-
peans and 12 to 16% in African and White Americans [7, 8].

Approximately 90% of the EGFR mutations involved in-frame
deletions in exon 19 and a missense mutation resulting in
the substitution of leucine 858 for arginine (p.L858R] in exon
21 [6]; these mutations are associated with EGFR TKI-
mediated clinical responses and are characterized as
“classical” activating mutations [9-12]. However, in tumor
specimens “other” EGFR variants were also described, the
clinical significance of which is still poorly understood [13].
Moreover, there were cases of complex mutation patterns,
whereby two or more concurrent EGFR mutations were
identified within a single tumor specimen [11, 14, 15].

Patients harboring KRAS activating mutations do not
respond to treatment with TKls [16-18]. KRAS mutations are
found in 15to 25% of NSCLC and approximately 97% of them
occur in codons 12 and 13 [19, 20]. In Caucasians, 20 to 30%
of lung adenocarcinomas have KRAS mutations as com-
pared to 5 to 20% of lung adenocarcinomas in Asians [21].
Interestingly, somatic EGFRand KRAS mutations are almost
always mutually exclusive [22].

The purpose of this study was to evaluate the incidence of
EGFRand KRAS mutations in a cohort of Greek patients with
NSCLC and to assess the association between these
mutations and clinicopathological characteristics.

PATIENTS AND METHODS
Patients

The study population consisted of Greek patients with
histologically confirmed NSCLC (stage llla-1V), who were
being considered for TKI treatment and underwent EGFR
testing in the context of routine daily practice. Cytological or
histological specimens of patients were consecutively
collected at the Laboratory of Cancer Cell Biology, Medical
School of University of Crete, from 2005 to 2011. The samples
were assessed by pathologists (A.K., L.G and E.L.) prior to
testing. A total of 639 patients were recruited for this study.

Patient smoking history was obtained at baseline, and pa-
tients were categorized as having never smoked (<100
lifetime cigarettes); former smokers (>1 year since cessa-
tion); or current smokers (still smoking, or <1 year since
cessation).

All patients gave their informed consent for testing, and the
protocol was approved by the local Institutional Review
Board.

DNA extraction and mutation analysis

The majority of tumor samples were formalin-fixed paraffin-
embedded tissues (FFPE). Representative sections were
stained with hematoxylin-eosin and the neoplastic cell
content was verified by an experienced pathologist (A.K.).
Subsequently, tissue samples from at least 3 serial sections

were microdissected (Eppendorf Piezo-Power Microdisse-
ctor, Germany) to ensure that specimens contained at least
80% neoplastic cells. In some cases, the only available
material for mutational analysis was the cytology specimen.
Genomic DNA was extracted using the QlAamp DNA FFPE
Tissue Kit (QIAGEN GmbH, Munich, Germany) according to
the manufacturer's instructions. Exons 18, 19, 20 and 21 of
EGFR and exon 2 of KRAS were sequentially amplified by
two rounds of polymerase chain reaction (PCR) and sub-
jected to direct sequencing as previously described [23].
Description of genetic sequence variants of EGFRand KRAS
was performed based on GenBank Accession Numbers
NM_005228.3 and NM_004985.3, respectively, according to
the standard nomenclature recommendations of the HGVS
(http://www HGVS org/mutnomen/). All test results were
manually reviewed by two molecular scientists (A.V. and
A K. All sequence variations were confirmed by sequencing
in both directions and by an independent PCR amplification
when sufficient material was available.

Statistical Analysis

Descriptive analysis was performed to provide a profile of
the patient population. Variables were summarized by
arithmetic means and standard deviation, whereas group
categories were expressed in percentages. Differences in
mutation rates between groups were examined using the
X2 test, with statistical significance determined as p < 0.05.
Logistic regression was performed to determine patient
characteristics (sex, age, histology and smoking status) that
predict the presence of EGFR and KRAS mutation. Data
analysis was performed using SPSS version 16 (SPSS Inc.,
Chicago, IL).

RESULTS
Patient Characteristics

Six hundred thirty-nine patients of Greek origin and
documented NSCLC were referred for evaluation to our
laboratory in order to be screened for EGFR and KRAS
mutations for therapeutic purposes. Patient clinical and
pathological characteristics are shown in Table 1. There
were 463 men (72.5%) and 176 women (27.5%), with a
median age of 62 years (range 33 to 89 years); specimens
were represented by 532 (83.3%) primary tumors and 107
(16.7%) biopsies obtained from metastatic lesions. Cytology
material for the molecular analysis was used in 33 (5.2%)
patients. The majority of patients had adenocarcinoma
(65.6%) and 53.1% of them were smokers.

Types and Frequencies of EGFR and KRAS Mutations

EGFR mutation analysis was successfully performed in 634
patients. A total of 109 EGFR mutations were detected in 100
patients (Table 2). All mutations were distributed in exons
18-21 of the EGFR and involve 21 (19.2%) point mutations in
exon 18; 49 (44.9%) deletions or point mutations in exon 19;
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8 (7.3%) point mutations in exon 20; and 31 (28.4%) in exon
21. The most common mutation types were in-frame
deletions around codons 746-750. (del 19; n = 38; 34.8%) and
the substitution of leucine for arginine on codon 858
(p.L858R; n =12; 11%) which, along with the less prevalent
p.G719D, constitute the ‘classical’” EGFR activating
mutations associated with benefit to EGFR TKls. Classical
EGFR mutations were observed in 51 (8%) patients while 43
“other” EGFR variants of unknown clinical impact were
detected in 49 (7.7%) patients. Nine (9%) patients harbored
compound EGFR mutations; in three of them, the p.L858R
was detected with another variant of unknown significance
(Table 3). Classical and "other” EGFR variants were found in
9% and 8% of surgical specimens; in 6% and 7% of biopsies;
and in 15% and 6% of cytological specimens, respectively.
Twenty five (49%) of the classical and 23 (47%) of the “other”
variants were detected in surgical specimens. Four (8%)
classical and 6 (14%) "other” EGFR variants (p.A698T,
p.G733S, p.L798P, p.L838P, p.D837N, p.K860G) were
detected in metastases. Three (7%) “other” variants
(p.E762V, p.C781P, p.M793V]) have not been previously
reported in clinical specimens.

There was available material for KRAS mutational analysis
only in 399 cases. Overall, KRAS mutations on codons 12 and
13 were identified in 83 (20.8%) patients; seventy-nine (95%)
mutations were found on codon 12 and only four (5%) on
codon 13. The most common KRAS amino acid substitutions
observed on codon 12 was p.G12D (c.35G>A) in 26 cases
(31.3%), p.G12V (c.35G>T) in 20 cases (24.1%) and p.G12C
(c.34G>T) in 14 cases (16.8%).

Co-occurrence of EGFR and KRAS mutations

EGFR and KRAS mutation status was determined in 395
patients. Ten patients (2.5 %) harbored combined EGFR and
KRAS mutations; the majority of them were males,
smokers with adenocarcinoma histology. One male patient
harbored an in-frame deletion in exon 19 of EGFR combined
with the KRAS p.G12C mutation; the remaining patients
harbored “other” (non-classical) EGFR variants combined
with KRAS mutations (four with p.G12D, two with p.G13C,
one with p.G12V, one with p.G12A and one with p.G12S).

Association of EGFR and KRAS mutations with
clinicopathological variables

Patient clinicopathological characteristics and their
association with EGFR or KRAS mutations are shown in
Table 4. Classical EGFR mutations were detected more
frequently in adenocarcinomas (10.3% versus 3.4%, p = 0.007)
and primary tumors (9% versus 4%, p = 0.06) whereas the
incidence of "other” EGFR variants is similar in adeno-
carcinomas and non-adenocarcinomas (7.4% versus 8.7%, p
=0.77), primary tumors and metastases (8% versus 5.6%, p
=0.31). Additionally, classical EGFR mutations were detected
more frequently in females (p < 0.001), never smokers (p <

Tahle 1.

Patient clinicopathological characteristics.

Patients (n = 639)

Characteristics No. %
Median age (years) 62

Range 3-89
Gender

Male 463 725
Female 176 215
Histological type

Adenocarcinoma 419 65.6
Squamous Cell Carcinoma 103 98
Mixed 26 41
Large Cell Carcinoma 31 49
Undifferentiated 14 22
No data 4b 72
Smoking status

Current smoker 211 30
Former smoker 72 112
Never smoker 114 178
No data 242 319
Type of specimen

FFPE histologic specimens 606 948
Surgical samples 277 433
Biopsies 39 515
Cytological specimens 3 52
Sample origin

Primary tumor 32 833
Metastasis 107 16.7

FFPE, formalin-fixed paraffin-embedded

0.001), while "other” EGFRvariants were found more often in
males (p = 0.16) with smoking history (p = 0.62) (Table 4).

KRAS mutations were detected more frequently in males (p
= 0.64) with smoking history (p = 0.005) and adenocarcinoma
histology (p = 0.008; Table 4). Notably, KRAS mutations were
found more frequently in metastases than in primary
tumors with a statistically significant difference (32.6%
versus 19%, p = 0.02; Table 4).

DISCUSSION

In the present study we report the incidence of EGFR and
KRAS mutations in patients of Greek origin with NSCLC who
were tested in the context of daily clinical practice for
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Tahle 2.

‘Other” EGFR variants detected in advanced NSCLC patients.

Exon Nucleotide substitution
c2071C>T
¢2075T>C
.2092G>A
¢.2104G>A

¢.2107C>T/ 2108T>C

18 .2125G>A
c2129C>A
c2131G>A
c21716>C
¢.2176G>A
c2179T>C
.2185G>A
¢2197C>T
.2203G>A
c2221CT

19 €.2228C>T
C2BTAST
C.2260T>C
C.2267A5C
c.2251A56
.2263G>A
2285 A>T
c2315C>T
¢.2341T>6
¢.2377A>6

20 c.2390T>A
¢.2392T>C
C.2L04G>A
C.2617A56
C263LC>T
¢2513T>C
.2509G>A
.2516C>A
€.2527G>A
C.2539A56
.2566T>C

21 .2570G>A
¢.2575G>A
C.2578A>6
¢.2582T>C
C.2587G>A
C.2611G>A
€.2620G>A

Amino acid substitution

p.P691S*
p.L692P
p.A698T
p.A702T
p.L703F+/P
p.E709K
p.T710N
p.ETIK
p.G724D*
p.V726M
p.Y727H?
p.G729R
p.P733S
p.G735WH
p.P741S
pATL3VE
p.E746V
p.L747S
p.E749D
p.T751A
p.A755T#
p.E762V
p.P772L
p.C781P
p.M793V
p.CT97R
p.L798P
p.V802|
p.K806R
p.0812stop
p.L838P
p.D83N
p.AB39E
p.V8A3|
p.TB4TA
p.F856S
p.G857E
p.AB9R
p.K860G
p.L8IP/Q
p.G8635*
pABTIT
p.GBTAS

Mutations in bold are not previously described. *Coexistence with KRAS mutation

Incidence

1
4
[
|
2
1
1
1
4
|
3
1
1
1
[
2
[
1
1
1
[
|
[
1
1
1
[
|
[
|
1
1
[
2
1
1
1
1
1
2
4
1
1

Remarks
Reported [11]
Reported [23]
Reported [49]

Reported A702S [50]
Reported (11, 50]
Reported [51]
Reported T710A [52]
Reported [11]
Reported [53]
Reported [11]
Reported [54]
Reported [11]
Reported [55]
Reported G735S [56]
Reported P741L [57]
ReportedA743T [58]
Reported (11, 59]
Reported [60]
Reported E7496 [49]
reported T7511 [56]
Reported A755D [61]

Reported P772H [62)

Reported C797Y [32]
Reported L798F [56]
Reported [63]
Reported K8OGE [14]
Reported 0812R [64]
Reported [14]
Reported D8376 [49]
Reported A839V [65]
Reported [66]
Reported T8471 [56]
Reported [67]
Reported [11]
Reported A859T [51]
Reported K860! [36]
Reported [4]
Reported [68]

Reported A8716 [66, 69]

Reported (11, 67]
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Table 3.

Summary of patients harboring two EGFR mutations.

Case Age Gender Histology
1 60 M LCC

2 52 F MIXED
3 3 F UN

4 77 M ADC

5 61 M ADC

b 61 M sce

7 77 M sce

8 bb M ADC

9 76 M MIXED

Smoking status Mutation Exon
Active pL861P, p.L858R 21
Active p.Val8s3|, p.L858R 21
Prior p.E709K, p.L858R 18,21
Never p.C797R, p. ABTIT 20,21
Active p.TBATA, p.GB63S 21
Never p.0812stop, p.V8A3| 21
Active p.L692P, p.F856S 18,21
Active p.L703F, p.68435% 18,21
Prior p.G724D, p ATL3VE 18,19

LCC: large cell carcinoma, MIXED: adenosquamous, ADC: adenacarcinoma, SCC: squamous cell carcinoma, UN: unknown histology: * Coexistence with KRAS

mutation

therapeutic decision making. The incidence of EGFR
mutations (15.7%) observed in this patient population was
higher than that described for Europeans (8-13%) and close
to the rate observed in Americans (10-16%). However, the
incidence of “classical” EGFR mutations (8%) was practically
similar to the frequency observed in Europeans (8-13%).

The most frequently detected EGFR mutations were in-frame
deletions around codons 746-750 (34.8%) followed by a L858R
substitution in exon 21 (11%); these findings are in agreement
with data previously reported by others investigators [5, 24-
27]. Additionally, 43 “other” EGFR variants of unknown clinical
impact were detected in 49 (7.7%) patients; all of these
variants have been described before [11, 28-30], except for
the p.E762V, p.C781P and p.M793V mutations.

Previous studies suggested that patients harboring classical
EGFR mutations had the greatest benefit from EGFR TKls
therapy. Distinguishing novel EGFR mutations that are
clinically relevant from those that are functionally silent or
artifacts is clearly important, particularly as diverse res-
ponses to EGFR TKI therapy have been recently reported in
patients with tumors harboring “other” EGFR mutations [11,
31-35]. The creation of a database containing outcomes of
patients harboring these “other” EGFR variants will be
helpful in understanding possible clinical significance.

The incidence of double mutations in our study was 8.1%;
this is in agreement with a study reported that double
mutations accounted for 6% of EGFR mutations, with appro-
ximately half of these occurring in five amino acids (E709,
G719, 5768, T790 and L861) [36].

The finding that classical EGFR mutations were more
prevalent (10.3%) in Greek NSCLC patients with adenocarci-
nomas than in those with other histological subtypes is in
agreement with other studies [27, 37, 38]. Since in advanced
NSCLC diagnosis is mainly made through a biopsy or

cytology, where histology determination is not accurate, all
NSCLCs and not only adenocarcinomas should be tested for
EGFR mutations.

Previous studies have shown that a never-smoking status
was associated with higher rates of EGFR mutations [7, 27,
38]. Greek and other ethnicities display similar EGFR mutation
rates regarding gender and smoking status [37, 39, 40]. An
earlier study in Greek patients with operable stage I-llla
NSCLC reported that EGFR mutations were more common
in women and never smokers but these differences did not
reach statistical significance, due to small patient numbers.

In this study, we investigated mutations in 106 and 528
specimens obtained from metastatic sites and primary
tumors, respectively; classical EGFR mutations were de-
tected in 4% of metastases and 9% of primary tumors. The
lower rate of EGFR mutations in metastases is consistent
with the findings of previous studies demonstrating a
significant discordance of EGFR mutation status between
primary tumors and metastases [23, 41, 42]. Accordingly,
EGFR mutations should be tested, if feasible, in both primary
tumors and metastases.

The incidence of KRAS mutations (20.8%) in our study is
higher than the 2-9% reported for East Asia [43]; whereas it
is similar to the 20-30% reported for Caucasians [44]. Indeed,
a meta-analysis of 22 studies, including Asian and White
populations, by Mao et al. reported that KRAS mutations
were detected in 231 of the 1470 analyzed patients (16%) [45].
Concerning the association of KRAS mutations with different
clinicopathological variables, it was observed that smokers
and adenocarcinoma histology have a higher incidence of
KRAS mutations than never-smokers and non-adeno-
carcinoma histology. Although this finding is consistent with
other studies in different ethnicity populations [38, 40], we
were unable to detect any significant differences concerning
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Table 4.
Incidence of EGFR and KRAS mutations according to patients' clinicopathological characteristics.
Mutation status

EGFR KRAS
Characteristics Classic mutations (%) “Other” variants (%) Wild type (%) Mutations (%) Wild type (%)
Gender
Male 2039 41 (84) 399 (75) 62(79) 228(72)
Female 31 (61) 8(16) 135 (25) 21(29) 88 (28)
p-value <0001 016 0.64°
Histology subtype
Adenocarcinoma 43 (88) 31 (67) 343 (70) 65 (86) 214(70)
Squamous cell carcinoma 214) 9(20) 91 (18) 5(7) 50(16)
Mixed 2 () 3 21 (0) 23 13 (4)
Large cell carcinoma 12 307 27 (6) 203) 13 (4)
Undifferentiated 12 1202 1(1) 83
p-value 00073 0.77a 0.008a
Smoking status
Current smoker 9(28) 2 (59) 177 (55) 43(69) 113 (48]
Former smoker 413) 5(12) 63 20) 1320) 4619
Never smoker 19.659) 12(29) 83(26) 10(15) 78(33)
p-value <0.0012 0.622 0.0052
Type of specimen
Surgical 25 (49) 23 (47) 27143) 41149) 161 (51
Biopsy 21 (61) 2 (49) 281 (53) 38 (46) 143 (45)
Cytology 5(10) 2(4) 26 (4) 4(5) 12 (&)
p-value 0.1% 0812 090
Sample origin
Primary tumor 47(92) 43(88) 43882) 66 (80) 281(89)
Metastasis 4(8) 6(12) 9 (18) 1720 (11
p-value 006 0312 0022

9The p values (¥’ test] represent the comparisons of the incidence of EGFR or KRAS mutations between men and women; between adenacarcinoma and non-
adenocarcinomas; between smokers (included former smokers) and never-smokers; and between FFPE histological and cytological specimens, respectively.

the incidence of KRAS mutation according to patient gender.

Simultaneous presence of EGFR and KRAS mutations in
NSCLC patients is relatively rare and their appearance is
believed to be mutually exclusive. In this study, we observed
10 patients with tumors harboring dual EGFR and KRAS
mutations, of which only one patient harbored a classical
EGFR mutation combined with a KRAS mutation. This rare
association of a classical EGFR mutation and KRAS
mutations has already been described [11, 23, 46, 47].

A limitation of the present study is the low sensitivity (15-
20%) of sequencing with Sanger chemistry; specimens with
low neoplastic cell content are at risk of reporting false-
negative EGFR mutations. However, isolating a more pure
population of neoplastic cells, by using microdissection,
resulted in increased sensitivity as we were able to detect
mutations from specimens with low neoplastic cell content.
Nevertheless, when using FFPE DNA, identification of rare
EGFR mutations may sometimes be due to PCR artifact [48].
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Another limitation is the fact that mutational analyses were
requested by the treating physician; this introduces a
selection bias towards patients who would potentially benefit
from treatment with TKls. However, this corresponds to
daily clinical practice and makes the data relevant.

In conclusion, the incidence of classical EGFR and KRAS
mutations in a Greek cohort of patients with advanced
NSCLC is similar to those previously reported in other
European patients. In the current study “other” EGFRvariants
of unknown clinical significance were detected in smokers
with non-adenocarcinoma histology. Functional and clinical

studies are required in order to determine the clinical
relevance of the “other” EGFR variants which will support
individualized treatment according to the mutation type.
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IYNONTIKH MEPIAHYH TON XAPAKTHPIZTIKON TOY MIPOIONTOE. 1. ONOMAZIA TOY OAPMAKEYTIKOY MPOONTOX: YERVOY 5 mg/ml mukvd didhupa yia napaokevd
Slahvpiatog mpog éyyuon). 2. MOIOTIKH KAI MOZOTIKH ZYNOEEH: Kabe ml mukvos Siahuparog mepiéer S mg ipilimumab. Eva giakidto twv 10 ml mepiéyet 50 mg ipilimumab. Eva
@laNidto twv 40 ml mepiéyet 200 mg ipilimumab. To ipilimumab efvar éva mjpwg avBpdmyo avet CTLA4 povokAwviko avtiowpia (196 1K) mou mapdyetal o€ KUTTapa woBNKaY Kivelikol
KpIKITOD e IEXVD)\OVIO avnauvéuuuuzvou DNA. 4. KAINIKEZ MAHPOOOPIEE: 4.1 Ocpaneutikéq evdeifeic: To YERVOY eveikvutar yia m Bepaneia tou mpoxwpnpiévou (i
) ae evnhikoug mou éyouv AdBet mponyodpievn Bepaneia. 4.3 Y i om dpactiki) ovaia 1y o kdmoto amd T
£kboya. 4.4 El5th( npozlﬁonolnmc Kat npnqw).u&lc Kkard ™ xprion: To YERVOY uxm(sml e @heypovdelC avemBupnTes aviidpdoeic mov mpokymTouv and augnpévn i
EKTETapévI) Op: Tou avridpdoeic mou cuvbéovtat e To avoaomotnTike) ka mbavov oyeriCovrat i To pnyaviopd Spdang tou. AvemBupnte
avnﬁpauzlc ou uuvﬁsowm 3 m uvuuonulnnxo Tiou pmpﬂ va €ival 0oBapéq 1 A anzl)mru(t( yia ™ {wi, €ivat mBavé v aupnspl)\uu[iuvouv VOD’TpEV[EleE(, f]"ﬂTlKE(, ﬁsppuuxzc,
Evaor Hnteg avuidpdoeic e \Kav katd v mepiodo
znavqu( £xel emiong uvuqzspezl Ekén)\wun Jiveg petd amo v tehevraia doon Tou YERVOY, Extog av mpoodiopiotei SlagopeTikii armiodoyia, n 5luppom, 1) auénpévn ouyvotTa
Kevoewy, To aijla ota kompava, ot avéroeis LFT, o séavequa Kaun svéoxplvonaesla ipénet va BewpnBody pheypoviddet katva suvbéovtar e To YERVOY. H mpiyn Sidyvwon katn
KkatdMnhn dlayeipion eivat fTTe yia Ty yam (o snm)\oxmv Zumnuankn smavwvn upnhdov 860ewy KopTKoaTEPOEIBAY pe 1 Xwpic
emmnpoBern avoookataotakikn Bepaneia eivat mBav va amartnBei yia Ty avrip ] doBapa oewv mou ouvéovtat e To avosomotnTikd. Eidikéq yia to
YERVOY KateuBuvripiec ypapiéq yia Ty avryperamon avemBopnTwy aviidpdoewy mov auvdéovat e o avouunomnm Tiepypdpovtal mapakdtw. [aotpevtepikéc avuibpdoeic mov
ouvbéovtal jie 1o avooomoutiko: To YERVOY ayetiCerar e doBapéc yaotpevtepikeg avipdoei mov ouvBéovtat i 1o avodomoutiko. Bavatnpopa nepiotatikd Aoyw didtpnang Tou
yampmspmou umhnvu £xowv uvuq)ipﬂsl o€ KAikéc Sokipiéc (BAéme mapdypago 4.8). Ze aoBeveic mou éhaBav povoBepaneia e YERVOY 3 mg/kg o€ jiia pehém mpoxwpnpévou (un
Ipoupyi ) Odang 3 (MDX01020, BAéne mapdypago 5.1) o didyeaog xpvog éwg Ty exdihwon doBapiv 1| Bavatrpopwy (Badiiod 35)
yampsvwspu(mv umﬁpausmv ‘TIou Guvdéovtat jie To avooorouTikd fitav 8 efdopidde (edpog 5 éw 13 epBopddeq) amd v apyr} ¢ Bepaneiag. Me KateuBuvTrpies ypappéc yamy
avtipetamon oyen{opeve e To mpwokokho, n umoypnon (opiletar w ekiwon oe fma [BaByod 1] 4 Aydrepo f oty 0TITa Katd T évapgn) EyQavioTKe OTIC MEPLOOOTE
TepuTTa0elC (90%) o€ Sidyieao xpdvo amé Ty exdiAwon éwg T unox@pnon 4 BSopddec (evpog 0,6 € g 22 eSopddec). Ot aoBeveic mpénetva OVTaL Y10 yaoTpevTep
onpeia kat pyata mov €ivat mavo va Gouv koNiTida oxen{Gpevn i 10 1) Bidtpnon Tou yaotpevteptkol dwhiva. STy kKhwiki etkova eivat mbavo va
aupmephappavetat Sidppota, auénuévn ouyVOTITA EVTEPIKGV KIviEwWY, Kothiakd ahyog I atparoyeai, pe 1} wpic mupeTd. Atdppota f kohitida mou eppaviletal petd amd v évapén
Tou YERVOY mpénet va aflohoyetar éykaipa yia Tov amoketopd Aotuadoug 1 dhng evaMaktikii¢ armiohoyiag. Ze khwikéc Sokipéc, kohinda oyen{oyievn yie To avooomomtik
auoyetioTke e atoieia pheypovic Tou BAewvoydvou, pe f wpic eEEAK@OEIC Kal AepipokuTTapiki} Kat oudetepoihikii oufiBnon. Zuotdoeic yia Ty avtipetamon g Sidppolag f g
koNttibac BaciCovrat oty PapunTa Twv oupmwpdTwy (oUppwva e Ty Tadvopnan e Babpohoynong e Baputntag katd NCICTCAE v3). AaBevei e fima éwg pétpla (BaBuov 14 2)
Sidppota (avénon éw 6 keviaei Ty népa) i mBavohoyoUpevn fma éwg pétpia koimida (my. kothiakd dhyog 1 aijia ota ompava), €ivat mBavo va mapapieivowy oto YERVOY.
Tuviotdrat supmTwpaTiki Bepaneia (m.x. Nomepapion, umokatdoTaon bypv) kat MPooeKTIK mapaxohodBnan. Edv Ta fma éwg pétpia CUPMTOHAT UTOTPOMATOLY 1} EMyiEivOLY yia
57 npépe, n mpoypappatiopévn oon Tou YERVOY Ba mpémet va mapaheinetat kat 6 mpémet va Eexvijoet Bepaneia pie Koptikootepoeldn (.. mpedviCovn 1 mg/kg ano to otopa dnag
quapnmmc ] muﬁuvapo) Eav nnpouammsl uroywpnon o Badpo 01 r| emotpogi oty évapén, To YERVOY pmopei va Eavapyioet oty emopevn mpoypaypatiopén doon. Aoeig mov
Sevmpénelva (BMéne mapaypago 4.2). To YERVOY mpémet va Slaxomretal oplotid o¢ aoBeveic pe aopapri (Babpiow 3

€ MpoYwpNpévo pehavwpa mou éhaBav YERVOY 3 ma/kg (n =767)°

Nivakag 2: AvemBu, e £EVEPYEIEC O A0BEVEil

&N, Moipwén Tou aviytepou

Neomhdopara kaho Gnr Kakorjfn kai pn xueoglouivn nzgl}\auﬁnvnvml KUOTELC Kat moAUmode)
TUYVEC ToVoC amd oyko

Oxt ouyvé TapaveomAaopaTko o0vopopo

Aatapay£c Tou aipomonTikoy Kai Tou AEpQIKoU oUoTHUATOC

Zv%vé% avaiia, M%ansviu

Oxt ouvé agohvtikr} avayia®, BpoyBomevia, nwowogihia, oudetepomevia
Marapayéc Tov avogomouTIkoy gUoTHHATOC
Oxt ouvéC unepevatoBnoia
AarapayéC Tou EvEoKpIVIKOUY OUOTANATOC

Zv%vs% unuuno%uow%u% ougnifl)\u%uvml?uno&ucméaV unoeugsosl&uuud
Oxt ouyvé emve@pidlakn avendpketa’, umepBupeoeidiopoc!, umoyovadioudg
Diatapa) :’ Tou petaBohiopov kat g Opépng

uelwpévn 0pen
JUVEC aguddtwon, unokahaiia

Oyt ouyvéc unovatplaia, akkdhwon, umogwoopaipia, odvpoo Aong bykou
[ £C O £

Awatapayéc Tou veupikoy mmngcnoc
Juyvéc neploepiki) Bk vevponddeia, {an, kepahalyia, )\neugyo

‘Ox1 ouyvég o0v8poyio Guillain-Barré®, suykomn, kpaviaki
wokhwvoc, SuoapBpia

YKe@alko oibnja, mepipepikri veup ataéia, Tpopog,

0@Bahpikéc Sratapayéc

JUYVEC Baym 6paon, movog Tov 0@Balyod
Oyt ouyvég payoeiditida, ia tou vahoedou owpatog, pitda’, petwpévn omuikiy o§UTnTa, aiobnpa §évou cwpatog oToug

ogBahyole, emmegukitida

[l 4) Gidppota i KO)\IIlﬁll ([Sknz nupa\(pamo 4.2) kaumpénet va exvioet apéowg uynig Soong evbophéBla Bepaneia e koprikooTepoerdr. (e KMVIKEC SoKipiéc éxel
peBukmpeduiCohovn 2 mg/kg/npépa). Otav ehéyyerar n didppota kat dha oupmtpata, n évapén Babpuaiac peiwong Kat Slakomrc Twy KopTIKooTEPOEId@Y mpéme va Baciletal oe
Khwiki) anopaon. Ze khwikéc Sokiéc, n ayeia fabpaia peiwon kat Stakom (o¢ Slaotipata < 1 prva) odrynae oty unotpo g didppotag A ¢ koNitidag oe opiopévoug aoBevei.
01 aoBeveic mpénet va aElo)\oyouwal yia atolyeia Bidtpnong Tov yaotpevrepkob auwhfva f neprioviubag. H epmeipla and khukéc Sokipg oyenid pe my avryperaman Sidppotag
aveKTIKNC o€ f kohimidag eivat éun. Qotooo, eival Suvatov va An:pﬂsl unoyn nmpoodrikr) evog evalh pdy (i e
§. 3¢ KMVIKEG SOKIES éBnke epana€ 6oon infliximab 5 mg/kg, extoc edv i &veidn. Aevmpénelva fliximab
o Yaotpevtepikol owhiva i anwalula B)\znz m ﬂzp\)\nwn Xapamnplmkwv Tou Mpoiovtog yia To |nﬂ|X|mah ). Hmatoto€kdnta mou ouvdéetal pe To avouonmnnko To YERVOY
oxetiCerat ie ooBapr} y 1POPOC NMATIKI} QvendpKela yel avutpzpezl o€ khvikéc Soipéc (Bheme napavpacpu 4.8). Ze aobeveic
niov éhaBav uovoBspanzlu 13 YERVOY3 mg/kg oty MDXOIOZO 0 Xpovog g TV ekbiilwon pétplac éwg oopapric i 1popou (Babpol 25) y 1 béetatie 1o
avooonointikd KudvBinke an 3 éuc 9 eBdoyasec and t évapé ¢ Bepaneiac. Me KatevBuvtpiec ypapuéc yia Ty avietimon a)(mlopzvzc J1€ T0 MpwToKOMo, 0 XpOVOG Ew TV
uroywpnon Kupdvnke and 0,7 éwg 2 eBdopddec. O nmatikég Tpavaay Kat 1) yohepuBpivn mpémet va yobvtat mpwv amd kdfe doon Tou YERVOY, KaBid mpowpeg
£pyaoTnpakéq petaBohéc umopei va umodelkviouv avakimtouoa nnumléu oxettopevn pe 1o avoooroutikd (BAéme mapdypago 4.2). Aurioeic o€ LFT eivat mavo va avamtuyBoov
anousia Khvik@v oupmwpdtav. Mpémet va aglohoyodvrar avéioeic g AST kat g ALT i m¢ o)\u(n( XohepuBpivryg mpog anokhetopd homwv arriwy Kakwong Tou fmatog,
auunxpl)\auﬁuvouzvmv Amum&mv €ENEne e vouou o OV TPOIOVTWV Kat va £w¢ TNV umoxwpnor UG, Bloyiec fmarog ano aoBeveic mou eiyav
i Knuézl&av otoieia ogeiag pheypoviic p0@iNa, AejipokuTTapa kat paxpopdya). M aoBeveic pe au§nyévn AST 1 ALT oto
aupoc > 5-<8xUIN i ] o)\u(n Xokpueplvn 070 €0pog Twv > 3-< 5 x ULN mou mBavohoyettat o1t uxm(zml e To YERVOY, mpénet va napaleimerat n mpoypappariopévn 6oon tou
YERVUY Kat npznzl vanapakohouBodvrat ot LFT éwg m uroy@pnon. Omv [Sz)mmeouv ] znmeﬁa LFT (AST kat ALT < 5 ULN kat o)\u(n XohepuBpivn < 3x ULN), To YERVOY pmopei va
e én 8oan). Adoeig mov map 4wy, dev mpémelva (BA Te napd 4.2).Na aoBeveic pe
auinoalc me AST n m( ALT >8x UlNTiov mBavohoyeitat ot oxetiovtat e To YERVUV n Gzpunﬂa npzwzl va Slakometat opmlxu (BNéme mapdypago 4.2) Kat mpénet va Eekvioel
)0t CUOTNHATIK {véocp)\z[ila Bepaneia pie koptikootepoerdr} kg Soong (my. peBuknpedvionovn 2 mg/kg nuepnoiw 1} wodivapio). Ze autodg Toug aoBeveic, mpémet va
ovrat ot LFT éwg my inon. Otav umoxwpotv Ta uuuvmuuum Kat ouu)\onomeouv ol qunoﬂc v LFT, n évapén Buﬂulumc Jeiwong kar dlakomig Twv
Kopnkompczlémv Tipénel va BﬂUl({‘[ﬂl ouy Khwiki} amogaon. H adjuaia peiwon Kat Slakom mpénet va yivetat péoa oe Siaotnyia Iou)\a)(lmv 1 prjva. Augfoeig v LFTs katd il
Babpuaia peiwon Kulélakonn elva Suvatov 0v e avénon m doong Tou Boug kat Bpaéuupn BaBpuaia peiwon kat Siaxom. Ma aoBeveic e onplavtikég
auéfoelg Twv LFT mou eivar avBeikoi oe Bepaneia pie Koprikootepoeidi), €iva Suvatov va e€etaotei npooﬂnm &0 evaMaKTIkoU avoooxammu)mkcu napavovm 070 oy/ijia e
KopTikootepoetdiy. Ze kKhivikég Sokijiéc, xpnotomouiBrike pukogawohikr jogetiAn oe aoBeveic Xwpic pion o€ Bepaneia e i1y mou avénon Tou
LFT kard v BaBpaia peiwon kar Siakom Koprikootepoerdav mov Sev avtanokpivorav g abénon e S6ong Twv koptikootepoetbwv (BAéme v Nepiknyn Xapakmpiotikav Tou
Mpoidvrog yia T pukogawoiki Hoperihn). Aeppatikéc avemBunec avnidpdoeic mou ouvdéovtal e To avosomounTikd: To YERVOY oeriCeral pe ooBapég Seppatikég avemBupnteg
avnépduzlc ov uncpzi va ouvdéovTal e To uvccorromnkb Bavampopog ToSik {méipulkr'] vekpohuon éyet uvaw{pesi o€ KNVIKé dokiiég (BNéme mapaypago 4.8). E¢avBnpia kat
Kkvnopoc emayopeva amo YERVOY 1y v Kuplw( fimar pérpla (Bueuou 11 2) Kat aviamoKpivovTav o€ GUUITTpaTIKY Bepunzlu Ie ﬂUG{VEl( Tou éhaav uovoeipanalu peYERVOY 3 mg/
kg oy MDX01020, o élauwoc Xpovog £ T ekSrAwon pétpiav wg aoBupwvn dpwv (BaBpod 25) D pd muv 3 ePoopddec ( aupc;
0,9 éuwg 16 epdopddec) amo mv zvapén m Bepaneiac. Me eidikég yia 1o fp Voap ¢ yla TV avrpetd Unoxwpnm] [ucq nspmuoups(
TepuTTaelS (87%), o€ Sidyieao ypovo and Ty exdidwan wg m unuxwpnon 5 zBéoualSz: (€0poc 0,6 g 29 eBdopiade). Eiuvenua KA KvI\opog znavouzva and YERVOY npénetva
aviipetwnilerat pe faon ) ooBapdrna. AoBeveic pe pua fma éwg pétpia (Babiioo 1 éwg 2) Seppatikr} avemBupnm avtiSpaon pmopouv va mapapieivouv o Bepaneia e YERVOY pe
QUMW ATIKT pramu (m.x. avuiotapvika). ia fmo € Pépio eSavBNUa 1 kvopd o eppével va 1 éw 2 eBdopiadeg kat Sev BehTiaiverat ie TOMKA KopTIKOOTEPOEIGH, Mpémet va
Sexwnaet n and Tou mouato( Oepaneia pe Knpnkompcslén (my. npzéw{nvn 1 mg/kg dnag nuspnalmc i woéuvuuo) T aoBeveic e i coapri (BaBpou 3) deppatiky uvmeuunm
avtiépaon, n 6o Tou YERVOY Vullpul va {. Edv BeNtiwboov ta ap fima (BaBpod 1)1 floowy, 1 Bepancia uEYERVUV Jmopet
va ouvexloTei kat mdki oy emopevn npovpuuuaﬂuuzvn 6our| Adoeig mov napakeimovrat Noyw pag avemBOpnTG avtidpaon, ev npémet va unokabiotavrar (Béne nupuvpuq)o 42).
To YERVOY mpémet va Slakometat oplotikd oe aoBeveic pe éva mohd ooPapo (| Bueunu 4) e€avbnua i copapd (Babpiod 3) Knoyo (BNéne mapdypago 4.2) kat a "p{"{l va Eekvioel
apéowg uuomuunm evboghépia Bepaneia pe upnhéc Sooeig (my. duidohovn 2 gy g/nép . Otav E)\Ev)(eil A0} e{uvenua 1) 0 Kvopog, 1 évapén g
Buﬂululu( peiwong Kat Slakomg Twv KopTiKooTepoeldwy mpénet va faoileral oty K)\lvu(n anépaon. H fabjuaia peiwon kat Slaxom] mpémet va yivetat péoa oe Sidopa Touhdyiotov
1 piva. ngo)\cylx{g avemBUpnTec aviidpdoeic mov ouvdéovtat pie To avooomounikd: To YERVOY u)(snlnm e coapég vsupo)\owke; avemBopnTe uvn&pauzl( TIU OUV§€oVTal e TO
QV0OmoINTIKO. Bavmnq:opo cuvlSpouo Guillain-Barré éxel avagepBei o€ Khviké SoKIég (maz napdypago 4.8). Exouv emiong uva(pspﬂa QupTGHaT nuom(ovm e puaoBéveia
gravis. Ot aoBeveic pmopei va nupoumﬂunuv Juikn aduvapia. Mmopei axoun va napoualaml aoBTiky vzupunaeau Auinvnm Kwnnkn veupondBeta, puikn aduvapia i aobnTky

Kapdakéc Siatapayéc

Oxt ouyvé appuByia, kohmki papuapuyy

Ayysiakéc Siarapayéc

| Sugvéc [unéraon, €ayn

Oyt ouyvé ayyelinda, ayyelondbeta®, nepioepiki wyaia, opfootatiki unotac:

AarapayéC Tov avanveueTikoy GUOTHRATOC, Tou BKpaKa Kat Tou pEcoBwpakiou

JUYVEC duomvota, Briyac

0yt ouyvéC | avendpkela, 60vEpopo o€giag ! petac?, S1iBnan mvelpova, TVEUHOVIKO 0idNpa, TveupoviTtida,
ahepyiki) pitida

Aiatapay£C ToU yaoTpevTEPIKOU

Mo ouyvég Sidippota, épetog, vavtia

YUYvEC YaoTPEVTEDIKIY autoppayia, kohitidat", Suokoiotnta, yaotpootoogaytki) makivdpopnon, kothiako dhyog

‘0x1 ouyvéC 1dTpnon Tou yaotpeviepikod swhijva®y, didtpnan Tou mayéog eviépou, Sidtpnon tou eviépouY, meprrovitida?, maykpeatitida,
evtepokohitida, yaoTpikd éAkog, éAkog Tou mayéoq eviépou, 0io0gayimda, eedc®

Awatapayéc Tov fratoc Kat Twv YoAn@opwy
Juyvé uolohoyikr nratikn Aerroupyia
Oxt ouvé matik avendpketa®™, nuatinda, natopeyahia, iktepog

Marapayéc Tou dépparog kat Tov unodopiov 1oTow

MoA) ouyvéC €dvenya’, kvnopoc!

JUYVEC depuarinida, epiBnua, hedkn, kvidwon, ahwnekia, vuktepoi 10pwTEC, ENpodey

Oyt ouyvéc oIk embeppikn vekpohuon™, Aevkokuttapokhaotiki ayyelitida, anogoidwon Séppatog
1 - A n A 5 re—

: - - ahyia P
AatapayéC Twv veQpwV Knlmvou 000, uvo&wv

'Oil cugég vz@ElKﬁ GVEYI(]EKHGB unilﬁuuumv&ggg(néw vepiki) owhnvapiaki o&éwon
Marapayéc Tou avanapaywyikol GUOTHRATOC KAl TOU BaoToU
Ox1 ouvéC aunvéppola

Tevikéc Slarapayéc Kat KataoTdoeig g 08ov Xoprynong

TN ouyvéC konwon, avtidpaon e Béong éveong, mupecia

JuvéC piyn, e€aoBévion, oibnua, dhyog

Oxt ouyvé nohvopyavikn avendpketa®’, oxeu{oyevn ie Ty éyxuon avtidpaon

NapakAwvikég e€erdoeic

Tuyvéq avénpévn apvotpavogepdon T akavivne', avénpiév aomaptiki apvotpavogepdon’, avénuévn xohepuBpivn aipatoc, pelwpévo
0W) ;ankd &dgoc

‘01 ouyvég e i nnuukn( pyiac, avén uzvn () | aipatoc, avénpévn Bupeogtdotpomog oppv (IIM(HU(,

pewpévn Kupnlo)\n aiiatog, pelwpévn KoPTIKOTPOYIVN aipatog, qunusvn Nimdon', auénpévn apuldon aipatoc’, petwpévn

TEOTOOTEPOV ailiaTog

a Qtouyvotree aoilovrar oe ouyKevpwTikd otolyeia amd 9 khikég Sokipéq mou e€étaoay To YERVOY 3 mg/kg 6o oe pehdavipa.

B Zupmepihapaverat n Bavamnpopoc ékBaan.

' Mpboberec mhnpogopiec oyerik e autg ic mBavidc pheypoviSetc avemliumre evépyeiec mapéyovtar oty leptypagi| emdeypévuy avemBiumTY evepyedv» Kt Ty Mapaypago 44.Ta
Oedopévamov ' 0€ QUTECTIC Kupiwg T eunetpia ano pia pehém Odong 3, mv MDX01020.

0§ Avagépovrat o€ mpoogareg PeNéTeg ekog Twv oNokANppEVWY KAWIKGY Sokipcv ot HeNdvwpia.

MpooBeteq avemBopnTeg evépyeleg mou dev avagépovear otov Mivaka 2 éyouv avagepBei oe aoBeveic mov éhaav dMeg Sdoeig (eite < 1y > 3 mg/kg) YERVOY oe khwikég Sokipiég

p Oheg og ouyvoTTa < 1%: unwwlcuoc, Huokapdinda, Kupélouuonuezla autodvoon naritida, mohdjiopgo epuBnpa,
autodvoon vaméa uuuvmuuum ouom(ovm [ uuausevzm gravis, autodvoon 6up ¢ avendpkeia 1o ghoiod 1wy emvegpidioy,

p | p Bhegap olénuu o otpeu)\uou aKM]pmén Kpomgmkr] apﬂ]pméu Qaopevo Raynaud npmmméa abvdpopio
Ywpiaon, ayatoupia, npureivoupia, pewpvn BupeoeidotpGriog opjidun aiyatog, petwpévn yovadotpooivn aiyatog, petwpévn Bupociv,

veupondbeta mov Glapka > 4 npépeg np{nzl va a Kat Ba mpémet va 1 @heyp | atua, omwg €6 G vooou, howSelc, uﬂa[}c)\lxu auvépoua Kau
(PUpAKEVTIKA npmovw Tt aoBeveic pe uerpm (Bueuou 2) vzuponaezlu (ki pe 1 ywpic moﬂmlkn) nou mBavov oetiCetar e To YERVOY, Ba npmﬂ va ] Autécol npdaeﬂz( avSpdoeic

0. Edv taveupohoy /oy £évap&n, 0 aoBeviig propei va Eavapyioe 1o YERVOY omy emopevn 66on. Adoeig mou

p Noyw pag avtibpaon devnpéner ([ﬂmz aypago 4.2). TuYERVOananlva 6luKumEra|opurnKu o¢ aoBeveic e oopapn BuGuouS

1) 4) auoBryrikey veupondBeta mou mBavooyeitat ott ouvdéetar pe To YERVOY (Bhéme nupuvpuqx) 4. 2) Ot aoBeveic mpémetva uvnuﬂwm(owm uuuq:mvu peTi KuIeuSwmplz( vpauuu

o |6pvuamc yamy éxaxﬂpnan aoBikiig vaponﬂBEm( K(]Inpﬂlil va {{Klvncovv apéong {véorpkﬁm Bepaneia pie kop 2mg/kg/nuépa).

{ onpLadia KvNTIKIG GBetag Bampénet p Kaiva avdloya. To VERVOY Tpénetvad opumxd

A{ukomwa Kal nohukunapulum Nepiypagr Em)@uzvmv avemBvINTwY evepyelv: Me e€aipeon) TIC MEITTOEIS OTIG oroieq Ta deSopévaylatig emheypé

e aoBeveic pe copapr} (BaBpod 3 1 4) ki 4 2). EvBqulvanuﬂzm Tou ouvbéerar e To avooonoutikd: To YERVOY propei
va TipoKahéael GAeypovI} Twv opydvwv Tou 0 ovotijiatog, uvznupma Kat uoBupeoetdiopd kat ot aoBevei
mopei va mapouatdoouy i &8kA GupTTOaTa, Ta omoia propei va potalowv pe dN\a aitia, 6w petdotac otov eyképao 1 umokeipevn vogo. T cugvaTepn KK eova
aupmephapBaverat 1 kepahalyia kat 1 komwon. STa cupmtwyata propei va oupmepthapBdvovrar eNNeipata Tou omkou mediou, aMayés TG oupmEpIpopds, Slatapayé Twy
n)\mpo)\uwv Kal umotaon. Emvsq)plﬁmkn Kpion w¢ aftio Twy oupmwpdTwy Tou aoBevous mpémet va anokheietal. H kAwiki) eumepia pe zvﬁckplvonaezla oen0yievn pe 10 YERVOY

umo)\ov(u( (W\fn; {

paneia e YERVOY 3mg/kg (n=131)n YERVOY 3 mg/kg 3 ouvéuuauo 1egp100 (n=380) 0¢ Ha Jiehém tDaur]d U
] (MDXUWOZO PBhéme mapdypago 5.1). Ot |PLEC YPARYIES Yia TV QVTIHETAMION QUTG TV

EVEYEIY MepLypdgoval ot mapdypago 4.4 fampewszkz( avtibpdoei mou suvbéovtat e To avodomomniko. To YERVOY oxeriCerar pie ooBapéc yaotpevtepiké avribpaceis mov

ouvdovTat i€ To avooomomTikd. Gavampopa mepiotatika Aoyw didpriong Tou yaotpevteptkol owhiva éouy avagepei o < 1% Twv aoBeviv mov éhaBav YERVOY 3 mg/kg o

auvduaoyo pe gp100 Ty opdda e povoBepaneia e YERVOY 3 mg/kg, avagépBnke Sidppota Kat kohitida onomuﬁﬁnom Bapttac ato 27% kat 10 8% avtiototya. H ouyvomta

dopapri¢ Bueuou 34 4) Sidppotag kar coBapric (BaBpoo 3 1} 4) kohimdag frav 5% yia To kabéva. O Sidpeaog Xpovog éwg Ty skénmon 0oBapav i Bavameapwv (BaBpou 3 éwg 5)

e evépyetec o ehafav

Tou 0UV5£0VU]I |1£ A} avooonclnﬂm nmv 8 sl}ﬁouaésc (€0pog 5 éwg 13 ePdopddec) amo v ap)(r| e Sipuﬂilﬂ( Me kareuBuvtripieg vpuuuzc yamy

sival évn. T aoBeveic mov éhapav {a e YERVOY 3 mg/kg omv MDX01020, 0 xpovog éwg v ekdiy ,uerpmuw( N0 doBapric (BaBjion 24)
OYETI{OyEVG HE To avooomouTikG KupdvBke and 7 éuwg mepinov 20 eBdopiad nnnIr]vsvupEr]m(Hmanm(. 13 b
€ KNVIKEG BOKIpG, rav yevikug eNeyyopievn e f| Bepaneia kat Bepaneia opnuvwv Edv undp) fimote onpeia fig kpiong, 6mwg

Eohovnfsi

doBapi} aguddtwon, undtacn } katamnéia, cuviotdrar dyeon yoprynon fy &pdon kat o uuezvqc 6a mpéne va yia

epi Twoelg (90%), e Sidyieao xpovo and Ty ekdrAwon éwg Ty umoxwpnon (opiletar
g Ik)\nwon [ fima [Baeuou 1] L] )\lvoupc n o coBapdmta Katd mv evup{n ) 4 eBdopadec (ebpog 0,6 éwg 22 edopiddec). Le KT\IVIKE( SoKipiéq 1 Ko)\méu TIoU GUVOEeTal jiE To

v mapousia onpaipiac A Aoaéewv. Edv unnpxow onpeia emveppidiakig uvsnapmnc, ado aoezvnc 6zv Bpiokerar oe emvepptbiakii kpion, mpénet va efetaoTolv meparTépw
napakhIKéG e€etdoel ot omoie¢ 1 aglohoynon epyaotp! Kat ehéyywv. H a{lo)\uvqun TOV QMIOTENEATWY TWV EPYAOTNPIAKGV ENEYYWY yia
v éheyyo g \etwoupyiag mpéneva {tatmpiv and v évapén Bepaneia e kop poe16n. Edv ot i Neyyol T umdpuang A epyaotnplako
£heyyot g evBokpivolc Aeroupyiag eivat i, ouviotdrat Bpayd oxfipia g pe vynéq S00eIC Kop v (1. b 6v) 4 mg avd 6 peg f 1Goduvaio)
QOTE Va QVTHETWMOTE 1} PAeypovr} Tou abévakain don Tou YERVOY Ba mpémet va mapahetpBei (Béme napdypago 4.2). Auti m otypn lvat
avvwmc £dv 1) Bepaneia pe KoptikooTepoeld avaotpégel Ty abeviki) uakeroupyia. Oa mpémet emiong va Eekwioel KumMnAq unummmuuq oppovav. Eivat mbavo va eivat
p ovia Bepaneia pe dotaan oppoviov. Otav teBody umd éheyyo Ta OuaTa ot 1PLAKEC TIHEC Kat efval eugaviic 1 Beltiwan Tou
aoesvouc uuvoAlKu, Jopei va ouvextotei ) Bepancia e YERVOY kat n évapén e Badpuaiag peiwong kat Slakomi Twy xopmompoaémv nipénet va pacilerat oty K)\IVIKI] anégaon.
H BaByuaia peiwon kat Slakom mpénet va yiverat péoa oe Sidotnya Toudyiotov 1 piva. AMec avemBupnTec avuibpdoeic mov ouvbéovar e To avodomotntiko: Ot mapakdTe
UpnTeq avriopdoeic mou far 6Tt ouvdéovtat e T0 6, éxou avagepBei o aoBeveic mou éhaBav yovoBepantia pe YERVOY 3 mg/kg oty MDX01020:
payoeldinda, nwowopihia, avénon himdong kat omelpapatovepitida. EmmpooBétag, ipinda, aohvtiki avaipia, avioelc apuldong, moAuopyaviki avendpkela kat mveuovitida
£youv avagepBei o aoBeveic mov EhaBav memmidiko epoNio e YERVOY 3 mg/kg + gp100 ot MDX01020 (Bhéne nupavpaq)o 4.38). Av ot avibpdoelg eival unBupz( Bnﬂuon 30 n 4) eval
mbavo va anarm6ei apeoa Bepaneia pe vPnhéq S60eic Koptikootepoetd@v Kat Stakor Tou YERVOY (BAéme napd 4.2).Tia payoeiditida, ipimidary
70 YERVOY, Ba mpémet va e€etdletat 1 yprion TOmK&V Kop POEL6@V 0T {op(r} Twv 0QBAMIKEY GTayGVWY OTtC anbeikwTal latpikd. Eidikoi n).uﬂuu j0i: AoBeveic e cq)Bu)\pu(o
pehdvaya, mpwtonadég pehdvewpa Tou KNE kat evepyég petaotdalc Tou eykeqpdhou dev aupmepiehjpBnoav oty mhotiki) khwvikr} Sokuyr (BNéne mapdypago 5.1). Avtidpaan omy
£Eyxuan: Ypxav HeHoVwpEVEC avagpopég ooPapav doewv oTV éyyuon o€ KWIKEC Sokipéc. Y€ mepimwon ooBapng avtidpaan oty éyxuon, 1 éyxuon YERVOY mpénet va
SlakomTETaLKatva chnvmal KamMn).n atpikr Gspmma AdBeveic pe rlmar] étpta avtidpaon ot éyxuan, pmopotv va AdBouv YERVOY e mpoaektik mapakohou6non. Mropeiva

)\IWGEI unogn f ayoy e IPETIKO Kat vk, Aodevelc e autodvoon uboo: Aofevei e 1oTopikS aurodvoonc vbao (ektd amd hedkn Kat enapiac
vboKpivng, omwg Blopioc) vyl Tou omoioug f f Oepanciay li
zvspyc au‘mavouq V600 yia élampqun Jetd ano opydvou, §ev aglo) 0€ KAWIKEG ﬁomus( To ipilimumab efvar evioyutiic Twv Tkuttdpwy mou

kaBiotd Suvatr} Ty avooohoyiki) aveandkpion (BAéme mapdypago 5.1) kau eivar mBavd va mapépfel oty avoookatactaltik Bepaneia, yeyovdg mou odnyei o€ mapofuayd g
unoKeevnc vooou  augnévo Kivduvo anpptyrc Tov pooedyaroc. To YERVOY ripénet va amogedyera o aoBeve e doBapr evepyd autodvoon uboo, O MEpITIAOEIS 0T oole

ko eivat evbexopéveag dyeoa amehriki yia T (i Kat ypnayooteirat e mpoooyi o€ ANNOUG aaBevei e 10TOpIKO aUToAVOOTIG VOOOU, HETd
uno npoumlm z{zmun Tou evexopevou kivbivou-ogéhoug oe atoptki} Bdon. AoBeveic mou akohouBouv diarta e eheyyouevn mepiektikoTTa oe vdtplo. KdBe ml autod Tou
Qappakeutikod mpoidvrog mepiéyet 0,1 mmol (1} 2,30 mg) vatpiov. Oa mpémet va hadvetat umoyn Kata Ty Bepaneia aoBevv mov akohouBouv diarta pie eheyyGpievn meplekTKOTTA
ae vatplo. 4.8 AvemBupnTeg evépyetec: Nepihnn tov mpowik aopdherac: To YERVOY éxel yopnynBei oe > 3.000 aoBeveic o éva khwiko mpdypappia T omoio agloAdynoe
Xprion Tou pie Sidgopec d60eic Kat Tomoug oykwv. Extog edv opiletar dlagopetikd, Ta Sedopiéva mapakdtw anotunvouy T ékBean oe YERVOY ota 3 mg/kg e Khviké dokipéq
pehavapatog. ZTn pehém Odong 3 MDX01020, (Bhéme mapdypago 5.1), ot aoBeveic EhaBav éva didpeoo 4 S6aewv (edpog 14). To YERVOY oxetietat mokd ouyvd pe avemBopnteg
EvEpyEIEC TIou TIpOKUTIOWY o augnén ) &vtetaiévn Gpdon Tou avooorokoo. Ot mepioasTepe ano autes, ot amoieg oupnepayBivovtal aoBups( avibpdoelc, umoyipnoav
Hetd amo Ty évapén KatdMnhng tatpikric Bepaniag 1} T Slaxom Tou YERVOY (BAéme mapdypago 4.4 yia Ty aviip 69 Tiou ouvdgovTal e To
avoooroutiko). Ze aoBeveic mou éhaBav povoBepaneia pe YERVOY 3 mg/kg oty MDX01020, o avemBopnTeg evépyeteg mou uvamzpenmv ougvotepa (> 10% Twv aoBeviv), firav
Gidppota, €dvBnpa, kvnopdg, Komwon), vautia, épetog, petwpeévn opech kat kotako dyog. ZTnv mhetovatntd Toug frav fmeg éw pétple¢ (Babyiod 11 2). H Bepania e YERVOY
Slakomke Aoyw avemBupnTwy evepyelv oto 10% Twv aoBeviv. Katahoyoo avemBUpnTwv evepyeidv oe mivaka: AvemBOpNTeC evépyeteq mou avagépBnkav o€ aoBeveic e
Tipoywpniévo peNdvpa, ot omoiot éhapav YERVOY 3 mg/kg oe khvikég Sokipég (n = 767), mapovatdovtar otov Mivaka 2. Autéc ot avidpdoeig mapovoidovial avd katnyopia
0UOTIHaTOG 0pYAVY OUjIpVa e T ougvoTTa. H ouxvoTnTa opicetar wg efic: mohd auyvég (= 1/10), ouyvéc (= 1/100 éwg < 1/10), oyt ouyvéc (= 1/1.000 g < 1/100), onduteg
(=110 000 éug< 1/1.000), no)\u omavieq (< 1/ 10 000). Evrog kabe katnyopiag ougvoTTac epgdviong, ot avemBipnTeC evépyele eppaviCovtat katd pBivovoa oeipd opapdtnTac.
Ta 13 ko o€ HLAA2*0201 Betikolc aoBeveic ot omoiot éhaBav YERVOY atrv MDX01020, firav mapdpiota e exeiva mou
apatnpiifnkav oto K}uwkonpoypuuua 0UVONIKd.

Ke Jie oTotyeia pheypoviic Tou Bhevvoydvou, jie  ywpic eEEAKQIOEIC Kat )\zutpomrmpxkn Kat 6ln6r|un 1 ouvbéerat pe o
avooonomﬂm To YERVOY oxeriCerat pe ooBapr nmatotogkaTnTa mou GUVAEETaL fiE T0 avooomolnTIKe. Bavanpopo NaTIKI) avendpkela yel avuozpﬂzl 0 < 1% Twv aoBevav mov
£haBav povoBepancia ie YERVOY 3 ma/kg. Auéioeig g AST kai g ALT onotaarote Baputntag avagépBkav ato 1% kai 1o 2% Twv aoBeviv avtiotoiya. Aev umipyav avagopéq
ooBapric (BaBpou 3 1} 4) anang g AST 1 g ALT. O ypovog éwg T ekdihwon pétpiag éwg coBapnc i 19opov (BaBiiod 2 éwg 5) 1y 0TIYTAq MoU GUVOEETal fiE TO
avouoncmﬂm’ Kupavenke amo 3 £ 9 pSopadec amo Ty apyd e espunﬂ'a; Me szueuwﬁplxc vpuuuécyla TV QVTIETAION) OKETI{OpEVEC He To npmbko)\)\o 0 povog € v
umoxpnor kupavenke amo 0 )7 €0 2 zBéouaéz( Te khwikéc Sokipiéc, Blowie fimatog amo aoBeveic mov elyav nratoto€ikoTTa oxeTI{OpEVN He To avooomouTIKe, jpdviaay oTolyeia
ofgiag pheypoviig Kat ya). Aepparikég 0 avuidpdaeig mou ouvdéovtal jie To avooomomikd. To YERVOY oxeriCetar pe ooPapéc
Oepyiatikég avemupnTes avridpdaeic mou Hropei va ouvdéovtat e To avooomotnTiko. Bavampog Toéikn mbeppuk vekpohuan éxet avagepBei og < 1% Twv aoBevidy mou Ehapav
YERVOY oe ouvduaoyd pe gp100 (BAéme mapdypago 5.1). 1 opidda pe povoBepaneia e YERVOY 3 mg/kg, avagépBke €dvinjia kat knopiog Stagopeikiic Bapumnag, To kabéva
010 27% TwV aoBevav. E{dvﬂnua Kat Kvnuub: mwduivo and YERVOY Arav Kup(wc fima (BaBpod 1) pétpia (BaBpoo 2) ka aviamokpivoviav o ouumwuaﬂkr'] Bepaneia. 0 didyioog
Xpovog éw¢ TV ekOhwon PETpILY €ug uuBupmv ] Buvamqumv (Baepou 2 éug 5) Seppatikav uv&mﬁuuqmv av‘népuaawv nmv 3 epdopadec ano v apy m Bepaneiag

({Upo:09£m;16rkﬁmmﬁrr) Me IPLEC YPOIES yia TV avTi [130) pron map: ke oTi n{plmwozl((w%),
e Sidyieoo xpovo and v ekdwon g mw unoywpnon 5 zﬁ&ouabzc (e0pog 0, 6zw< 29 zﬁéoual&z; nvuupuu 1 Mo quvdéovTal e To
YERVOY oyeriCerar e oopapéc avuibpdoei dpo abvdpopo Guillain-B; 0¢i o€ < 1% v mou éhaBav

YERVOY 3 mg/kg o€ ouvduaopd pe gp100. Zupmipata opoidlovia pe uuuaeevsla qravis éyouv emiong uvaw{pesl 0€ < 1% Twv aoBeviv oy éhaBav uynhotepeg Soaeic YERVOY e
Khvikég dokipiéc. EvokpvomdBeta oy auvdéovTat jie To uvooonomnm va opdda pe unvoﬂ{pumla Jie YERVOY 3 mg/kg, umoj fimote Bapumag avagé

010 4% Twv aoBevav. B ﬂVETlupKEIﬂ Baputnrag 70 Kabéva oto 2% Twv aoBeviov. H ouxvomm
dopapoy (BaByiod 3 1} 4) unoimoguoiopol avuq)sznKz 0710 3% Twv uaeevwv Dev umipyav avagopég ocBapnc 1 Moo ooBapric (Babpo 3 i 4) EemveQpIBLaKI|g avendpkelag,
unzpeupznzlbmuou ] Unoeupmxlﬁmuov 0 xpovoc £wq TV ekdihwon uﬂpmc g no)\u copapric (Babpov 2 ¢ g 4 0 et (6etag kupavenke
ano 7 éwg "EplYIOU 20 {BBouaﬁzc and v apyr m Bepaneiag. Evdokp: 113 mou oe Khwiké Sokipiéc, frav vevtkw: z)\svxopevn pe
Oepaneia unokatdataong opyovav. ANeg avemBUpnTes avuidpdoeg mou ouvéovrat e 10 0. Otmapaka avriépdoeic mov on UUVBEOVIGI
1€ T QVooOMOITIKO, €xouv avapepBei o€ < 2% Twv aoBeviov mou Ehapav povoBepaneia pe YERVOY 3 mg/kg: (K] ia, av¢non Amdong kat

EmmpoaBérwc, ipinda, aipohutiki} avaipia, auéroeic apuhdong, nohuopyaviki) avemdpketa kat veupovinida éxouv avagepBe o aoBeveic mou éhapav YERVOY 3 mg/kg o€ ouvduaopo
e memuidikd epBokio gp100. YERVOY 5 mg/ml mukvo Sidhuyia yia napaokeuri Sahopatog mpog éyyuon — Zuokeuacia: T Grakidto (yudhwo) x 10 ml pe evetkikr Noookopetakr T
3.887,16.€, kar evberrikii Xovopikri Ty Ty 4.468,00€. YERVOY 5 mg/ml mukvo didhupa yia napaokeur} Stahdpiatog mpog éyxuon — Zuokevacia: 1 OtaNidio (yudhwo) x 40 ml pe
evbewmikr) Noookopetaxi] Tipr 15.548,65 €, kat evdewktkn) Xovdpukr) pr T 17.872,01 €.

BonBiote va yivouv 0Aa Ta gdppaka mo acpakn: Zupmnpwote ty “KITPINH KAPTA”
Avagépate: ONEX 1i¢ avemBupneg evépyetes yia 1a NEA OAPMAKA [N
Tic ZOBAPEX avemOUjnteg evépyetec yia ta INQETA OAPMAKA

&5 Bristol-Myers Squibb

Bristol-Myers Squibb A.E. Attikrig 49-53 & Mponovridoc 2, T.K. 152 35 Bpioota, Atk TO 63883 - Bpihrjoota T.K. 152 03, Attikn.
Tn). 2106074300 & 210 6074400, 0at 210 6074333. APM.A.E. 62772/01AT/B/07/148



GR.CAEAZ13.04

SANOFI

Sanafi-aeentis AERE, Arug. T

Tne.: SO0 B, F




To YERVOY™ (ipilimumab) evéeikvutat yia tn Ocpancia
TOU MPOXWPNHEVOV (AVEYXEIPNTOU I} HETAGTATIKOU) PEAAVWHATOG
o€ evnikoug mov éxouv AdBet mponyoupevn Bepancia.’

NMPOOAOX THX EMNIXETHMHZX
2TO METAXTATIKO MEAANQMA

H dUvaun tovu
QVOOOTIOINTIKOU
OLVOTNUATOC

H omoudaiétnta tng
MTAPATETALIEVNC
emmiPiwonc

« YERVOY™: O mpwTtoGg EYKEKPIPEVOG TTAPAYOVTAG TTOU TTIAPATEIVEL ONUAVTIKA T GUVOAIKN emPBiwon o€ aoBeveiq
HE TTIPOXWPENHEVO HEAAVWHA*?
« YERVOY™: Mia véa Bepareia evioxuong Twv T-KUTTAPWV TTOU EVEPYOTIOLE( TO AVOCOTIOINTIKO CUCTNUA WOTE
QUTO VO KATAOTPEPEL TOUG KAPKIVIKOUG OYKOUG.!

MNa onpavtikég mMAnpo@opisg acpalsiag,
avatpééte otnv MepiAnyPn Xapaktnpiotikwv Mpoidvrog tov YERVOY™
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*Y¢ iauyaiomomnpévn, ekeyxopevn dokipr gdong 3.
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