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The suspended step of the stork

Editorial Over the past decades, major leaps were made in cancer treatment. We set off by
administering (practically blindly) agents that promised some response and we are now able

to provide targeted treatments for specific molecular paths. Clinical outcomes are improving;
nevertheless, the hoped-for "healing” is not attained and research continues, as we try to
understand exactly what happens in cancer cells —just like S. Faber and other pioneers in
cancer research kept asking themselves.

Vassilios Barbounis

The need for better management of the plethora of therapeutic information in order to improve
outcomes with reduction in toxicity, led to the development of treatment guidelines for cancer
patients. Production and implementation of guidelines is a whole chapter in cancer treatment,
integrating the methodology and validation of summarized consensus statements, as well as
the selection of patients and medical professionals that might use them; personal or collective
liability; financial impact; legal standing; medical accountability, and, finally, assessment of the
produced benefit or harm for the individual or the society. Unfortunately, guidelines cannot
provide an answer to the anxious failing effort to save a patient that finally perishes.

The rules for using off-label drugs in order to protect patients from precarious treatments and
retain costs are an even greater obstacle: administered only to a limited number of patients,
for a particular disease-stage and specific dosage or route of administration, deprive patients
with rare tumors from life-saving medicines. Pharmaceutical companies, as owners of the
drugs, will not spend on sound approvals without return on investment, and conversely (due
to the absurd bureaucracy and extensive legal procedures) research teams fail to embark on
such an effort. The fight against cancer which started a few decades ago now continues at a
different level, namely against chaotic red tape and administrative inflation. The cost increase
in oncology research is disproportionate compared to the associated benefit obtained; and the
State bears a great deal of responsibility for that.

In the current issue of FCO, S. Retsas [FCO 2013; 4(2):9-11], an experienced oncologist,
comments -bitterly- on the discussion on the Medical Innovation Bill which is to be introduced
in the British Legislature and the imminent changes on clinical trials legislation to be voted in
the European Parliament. It remains to be proven whether the new legislation promotes
cancer research or oncologists are in for a new race to save as many cancer patients as
possible.

June 2013
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Cancer and the Law:
Exhausting the resources of the art

Spyros Retsas

ABSTRACT

There is hardly an oncologist who has not stood frustrated at the bedside of a patient losing the
battle with cancer. Options of licensed drugs available for other indications but not endorsed by
license or in guidelines for a particular tumour, yet potentially valuable as a last resource, are
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NHS Trust and Cromwell Hospital

Correspondence:  instruments often denied to the physician and to that individual patient.
Dr Spyros Retsas, MD, FRCP,
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Exhausting the resources of the art, in these days of austerity and overregulated medicine, is
a rare privilege of which most oncologists and their eager patients are deprived.

This paper discusses the introduction of the Medical Innovation Bill to the British Legislature
which intends to address such crucial issues for cancer sufferers, as well as the new Proposals
of the European Commission on clinical trials on medicinal products for human use and the
withdrawal of Directive 2001/20/EC. Both are likely to have an impact on cancer care in Europe
and beyond.

Key words: cancer; clinical trials; ethics; legislation; regulation; European Union.

...TGV pév o0v BAAwV iaTpGiv oUdEic £0appel BonBAaelv... DINITTTTOC &' & AKapvav poxonpd
pEV Ewpa TO TP alTOV 6vTa, T O @INia TIOTEUWY, Kai SEIVOV fyoUpEevog €i KIVOUVEUOVTI
un ouykivduveloel PéExpl TG £€0XATNG Treipag Bonbdv kai TTapaBalAouevog, ETTeExeipnoe
(PAPUOKEIQ KOl CUVETTEITEV aUTOV UTTOUEIVAl KAl TTIEIV. ..

...none of the other physicians had the courage to administer remedies... but Philip the
Acarnanian, who saw that the king was in an evil plight, put confidence in his friendship, and
thinking it a shameful thing not to share his peril by exhausting the resources of the art in
trying to help him even at great risk, prepared a medicine and persuaded him to drink it
boldly... (Translation by Bernadotte Perrin) [1].

Plutarch’s Lives: ALEXANDER XVIIl. 3 - XIX. 2

There is hardly an oncologist who has not
stood frustrated at the bedside of a patient
losing the battle with cancer. Options of
licensed drugs available for other indications
but not endorsed by license or in guidelines
for a particular tumour, yet potentially
valuable as a last resource, are instruments
often denied to the physician and to that
individual patient.

Exhausting the resources of the art, in these
days of austerity and overregulated medicine
by the state or insurance companies, is a rare
privilege of which most oncologists and their
eager patients are deprived. Impregnable
bureaucracy, excessively costly anti-cancer

drugs, the spectrum of failure and perhaps
even fear of one’'s ruined reputation, not un-
usually with the potential for litigation, confine
many oncologists to passivity and inaction
beyond the “standard treatment”.

Better informed patients and their advocates
are now mobilising support for breaking such
barriers to therapy.

Following a family tragedy such an initiative
was taken recently by Maurice Saatchi, an
influential figure in the political scene of Britain.

Atan innovations meeting hosted by the Royal
Society of Medicine in London on 30" April
2013, Lord Saatchi presented for discussion

June 2013
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his proposed Medical Innovation Bill, with the provocative
title "How can an act of parliament cure cancer?” [2-4].

He argued that the present pre-eminence in law of the
standard procedure, outlaws initiative and provides no indu-
cement to progress.

He further pointed out that the present state of the law
exposes patients to harmful inaction as a result of the
uncertainties of litigation, as well as to irresponsible inno-
vation and leaves much doubt about what is best practice in
innovation.

Present law makes the status quo -the “standard” treat-
ment- the only safe option and gives clinicians no confidence
in how to pursue responsible innovation. The author of the
bill is eager to point out that innovation in cancer treatment
does not necessarily imply greater expenditure; instead it is
conceivable that innovation may involve the use of a drug or
process already commonplace for other conditions, and
which may well be less expensive than the standard
treatment for that particular condition [4].

There are a number of unanswered questions before this
new Bill is enacted; most crucially, how can one distinguish
a responsible clinician eager to innovate from an irrespon-
sible one who may cause harm.

Nevertheless, the Bill recognises and highlights problems
only too familiar to oncologists in today's routine clinical
practice and may potentially facilitate innovation at the
bedside as effectively as innovation through the randomised
mega-trials, if not more efficiently [5].

The debate on the Medical Innovation Billin Britain coincides
with new proposals by the European Commission on the
regulation of clinical trials on medicinal products for human
use, whilst repealing Directive 2001/20/EC [6].

There are approximately 4400 applications annually for
clinical trials in the European Union (including the European
Economic Area); 60% of these are sponsored by the
pharmaceutical industry and the rest largely by Academia.
Approximately 24% of all clinical trials applied for in the EU
are multinational in purpose, i.e. trials intended to be
performed in at least two Member States [6].

Although the implementation of Directive 2001/20/EC has
arguably brought about significant improvements in the
safety and ethical soundness of clinical trials, critics contend
that it had also many direct effects on the cost and feasibility
of conducting clinical trials which, in turn, have led to a
decline in clinical trial activity in the EU. The number of
applications for clinical trials dropped by 25% from 2007 to
2011, whereas insurance fees for industry sponsors have
increased by 800%. The average delay for launching a clinical
trial has increased by 90% to 152 days [6].

The stated intention of the new Clinical Trials Directive is to
simplify the process for application and approval of trials
through one portal and make it more uniform throughout
the EU. It also includes a lighter regime for low-risk trials, for
example, those using licensed medicines [6]. The latter

echoes some aspects of the British Medical Innovation Bill
[2-4].

In his discussion and analysis of the new European
Directive, Peter C Gatzsche, Director of the Nordic Cochrane
Centre in Denmark highlighted some of its deficiencies in
the fields of transparency and public access to information,
consent, trial conduct, accountability and archiving. He
warned that the drug industry has been lobbying the
European Commission and members of the European
parliament to prevent greater transparency about their trials
and public access to all results and data; the latter being an
issue that has been eagerly embraced by the British Medical
Journal [7]. He urged action if the final form of this new
Regulation is to be influenced in the interests and welfare of
trial participants [8].

Joerg Haford, responding to Gatzsche's paper, further
contended that Brussels is driven essentially by competitive
motives, intending to make Europe an advantageous
location for trial sponsors by introducing in the new Directive
a centralised approval process with extremely shortened
timelines [9]. He also argued that in violation of international
guidelines and ethical codes, a comprehensive and inde-
pendent consideration and vote by a multidisciplinary Ethics
Committee was no longer required in the draft new
Directive, a view shared by others [9, 10].

It is reassuring to note that the Directive clearly states in
Chapter V (Protection of subjects and informed consent,
Article 28 General rules, page 45) that “The rights, safety and
well-being of the subjects shall prevail over the interests of
science and society” [6].

What is not stated however is as important! To this end, the
ongoing debate has influenced some amendments to the
original draft, especially on ethical issues. For example,
amendment 7 (Proposal for a regulation Recital 14) now
states "Member States, when determining the appropriate
body or bodies, should ensure the involvement of an
independent ethics committee which includes healthcare
professionals, lay persons and patients or patient representa-
tives"[11].

Currently, the ethics review procedure varies greatly
between Member States. In order to bring clarity and con-
sistency into the ethical review of clinical trials, without
imposing the burden of full harmonisation, the Commission
should set up a platform to encourage cooperation and the
sharing of best practices between ethics committees.
Participation in this platform should be voluntary but a State
can demonstrate its concern for the welfare of its citizens
through active participation [11].

On the issue of transparency, the amendment (added) states
that, once a clinical trial has led to marketing authorisation,
data generated during the clinical trial should be fully
accessible and not considered commmercially confidential [11].

The task for these and other amendments now rests on the
lead rapporteur, Glenis Willmott MEP [12]. The Committee

FORUM of CLINICAL ONCOLOGY
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vote was scheduled for the afternoon of Wednesday 29" May
2013. Assuming the report is adopted, the rapporteur will
then enter negotiations with the European Council (Emily
Hunter - Office of Glenis Willmott MEP personal commu-
nication 23/05/2013).

Oncologists and patients have no illusions that an act of
Parliament -be it British, European or any other- can bring
about the cure of cancer. It can, however, facilitate research
both at the bench and the bedside, whilst ensuring the
welfare and safety of participating patients.

In the meantime, every patient stricken with cancer hopes that

once in their lifetime they will meet the Acarnanian Physician
who will be ready to exhaust the resources of the art.

Note: This paper was presented in part at the International
Hippocratic Foundation of Kos during the 4™ Amphictyony, held
under the Presidency of Professor Stephanos Geroulanos, 27-
30 June 2013.
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Biologically effective dose-response relationship
and the use of postoperative hypo-fractionated
radiotherapy for early breast cancer patients
treated by breast-conserving surgery

Georgios Plataniotis

ABSTRACT

Background: The purpose of the study was to find a biologically effective dose (BED)-response
for postoperative breast radiotherapy (RT) for early-stage breast cancer, which would be useful
in the clinical use of modified-hypofractionated radiotherapy schedules.

Patients & Methods: Tumour control probability (TCP) after RT was calculated based on data
from existing randomised trials of adjuvant RT vs. non-RT. Using mainly the linear-quadratic
formula, parameters such as the average initial number of clonogens per tumour before RT,
and the average tumor cell radiosensitivity (alpha-value) were calculated. An a/8 ratio of 4Gy
was assumed for breast cancer cells.

Results: A linear regression equation was calculated: -In[-In(TCP)] = -In(Ng) + a*BED = -4.08 +
0.07*BED, proposing a rather low radiosensitivity of breast cancer cells (alpha=0.07Gy"). A
BED-response curve was constructed.

Conclusions: After a BED of about 90Gy,, corresponding to a physical dose of 50-60Gy, TCP was
shown to make a plateau. The proposed model could be an approximate guide in the use of
non-standard dose fractionation (higher than 1.8-2Gy per fraction) and in the design and
reporting of clinical trials of adjuvant breast RT.

Key words: adjuvant breast radiotherapy; fractionation; dose-response; hypofractionation.

INTRODUCTION

Although postoperative radiotherapy (RT) for
early breast cancer treated by lumpectomy is
an established treatment, the issue of
optimal, for both patients and health providers
(given the high numbers of breast cancer
patients), RT dose and fractionation schedule
remains unresolved. The most popular sche-
dule for whole breast irradiation is 50Gy in 25
fractions over 5 weeks, while a variety of
shorter (hypofractionated) RT schedules has
also been used in clinical practice, mainly in
the UK and Canada.

In a randomised controlled trial (RCT) from
Canada, Whelan et. al. [1] have reported equi-
valent results (local control, survival and
post-radiation effects) between the standard
fractionation schedule of 50Gy in 25 fractions
over 32 days and a hypofractionated scheme
of 425Gy in 16 fractions over 22 days, for
women with node-negative early breast
cancer. Another short RT schedule (40Gy in 15

fractions) has been employed traditionally at
the Christie Hospital in Manchester, with
results comparable to those reported from
other centres [2-4].

However, the most influential trials are the
recently published START (Standardizing
Radiotherapy) trials from the UK. START A
trial [5] has shown that 41.6Gy/13 fractions or
39Gy/13 fractions are similar to the control
regimen of 50Gy/25 fractions in terms of local-
regional tumour control and late normal
tissue effects, a result consistent with the
result of START Trial B [6], which has shown
that a radiation schedule of 40Gy/15 fractions
offers equivalent results with the standard
schedule of 50Gy/25 fractions (Figure 1).

Therefore, the need for establishing a dose-
response relationship for postoperative breast
radiotherapy is increasingly needed as a)
modified fractionation is being broadly used
[1-9]; b) there is an international interest for
the accelerated partial breast radiotherapy,

FORUM of CLINICAL ONCOLOGY
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Figure 1.

The modified-hypofractionated schedules compared with the standard of 50Gy in 25 fractions.

13x3 Gy 2Ll B
39 Gy 30 Gy
5w)
START A -
25x2 Gy 5x 5.7 Gy
13x326
ey 50 Gy 28.5 Gy ~ FAST
i STANDARD (5 w)
5x 6 Gy
START B - S . 537 Gy 30 Gy
y (1w)
especially with IMRT [10, 11] and partial breast RT; and c) MATERIALS & METHODS

highly hypofractionated RT schedules are being explored
currently, such as the FAST trial (FASTer Radiotherapy for
breast cancer], which investigates the limits of hypo-
fractionation for breast cancer RT i.e. five fractions of 5.7Gy or
6.0Gy delivered over 2-5 weeks [12, 13] (Figure 1).

In Greece, where radiotherapy resources are rather poor for
a European country, hypofractionated RT schedules for
postoperative breast RT could be of interest (with a meti-
culous treatment planning being needed, though), as RT
slots would be spared and more patients would be
accommodated. Moreover, people living in remote areas
from radiotherapy facilities (e.g. islands) would find a shorter
RT course more convenient [14, 15].

It has been anticipated that the fractionation sensitivity of
breast cancer clonogens is rather high and similar to that of
normal late reacting tissues and therefore, the value of a/B8
ratio of the LQ-model (Linear Quadratic) has been confirmed
by START trials to be approximately 4Gy [5, 6, 16]. As a result,
the size of dose per fraction in postoperative breast RT is
expected to significantly influence the therapeutic results.
Based on the principles of clinical radiobiology [17], the
biologically effective dose (BED]) reflects the relatively high
fractionation sensitivity of breast tumours, a fact that would
make the use of a BED-response relationship more clini-
cally relevant than a simple dose-response one.

In the present study, we have attempted to find the
underlying BED-response relationship with the use of
existing data from RCT of postoperative vs. no postoperative
RT in early breast cancer patients.

A thorough research of the literature for randomised
controlled trials comparing lumpectomy alone vs. lumpe-
ctomy plus RT has shown nine published randomised trials
demonstrating that breast irradiation substantially reduces
the risk of local recurrence and prevents the need for
subsequent mastectomy (Table 1).

Those studies have used dose/fractionation schedules
ranging from 40Gy/15 fractions to 50Gy/25 fractions for the
whole breast RT. The BED for each RT schedule was calcu-
lated by [17]:

BED =n x d [1+d/(a/B)]

Alpha/beta value for tumour control of breast cancer was
taken as equal to 4Gy (see above) and repopulation was
assumed to be small and not taken into account. An
important issue is the calculation of the TCP from clinical
data. As proposed by Withers et al. [27] TCP should be
calculated as

TP - failure rate without RT - failure rate with XRT 0

failure rate without XRT.

For example, if the recurrence rate was 5% in irradiated
patients compared with 25% in surgery-only patients, the
TCP (expressed as a percentage) is 25 — 5/25; that is, 80%,
rather than 95%. The second from the right column in Table
1, contains the calculated TCPs from RCT. The surviving
fraction (S) of cells after an RT regimen may be calculated
from BED via the relationship:
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_In(S)

BED = - = S = g@BED

If Ny is the initial number of cells before RT (remaining after
the preceding surgery, chemotherapy) then number (N), the
number of cells surviving after RT, is:

N=NyxS.

Given that a tumour is controlled when every single
clonogenic cell has been eliminated then the tumour control
probability (TCP) if we assume a Poisson distribution of the
surviving cells is:

TCP = eN = @S = gNoe™

Hence

IN{TCP) = -Nge 8 = [n[-In(TCP)] = [n(N) - a*BED =
= In[-In(TCP)] = -In(Ny) + a*BED  (2)

Hence plotting —In[-In(TCP)] (y-axis) against BED [(x-axis) will
give a straight line of slope a and intercept -In(Ng), these

Tahle 1.

parameters representing the averages over the considered
population.

RESULTS

Simple linear regression performed with equation (2) above
has given

-In[-In(TCP)] = -In(Ny) + a*BED =-4.08 + 0.07*BED

This equation corresponds to the graph in Figure 2. Hence
a=0.07Gy"" and Ny=59.15. Therefore, the alpha coefficient of
the LQ-model for breast cancer cells is estimated at 0.07Gy',
indicating a rather radioresistant cell population [17]. This,
however, is a common finding when cohorts are analysed
and is usually ascribed to inter-tumour heterogeneity; in
particular patients with the most radioresistant tumours
(low a) have a marked influence in reducing the derived
group average. This value certainly represents an average
value (0gpecive) Useful for some insight in the process. In
addition, we have calculated that the average initial number

Studies of postoperative RT vs. no RT for breast cancer patients treated by breast preservation surgery. The last 4 studies
are boost vs. no boost after whole breast RT. In the first two columns, each 15t row corresponds to the number of
patients, and the 2" to the % of local recurrence, followed by the follow-up length.

No RT RT
Fisher et al 570 b7

27.9% TT%BY)
Liliegren G et al 197 184

18.4% 23%
Malstrom et al. ) 591

14% Lh
Holli et al. 72 80

18% 8% (6.7y)
Clark etal 421 416

25.7% 5.5% 4y)
Veronesi et al 213 294

88% 0.3% 39 m]
Forrest et al. 294 291

245% 5.8% (5.7y)
Hughes etal 319 317

bk 1%
Fyles et al 383 386

7.7% 0.6%

RT schedule TCP* BED (Gy,)
50Gy/25¢ 72 75
B4Gy/2T* 875 81
48-546y/20-25¢ 14 75
506y/25¢ 555 75

BED breastRT+hoost
L0Gy/16* + 86 65+20=85
12,56y/5¢
50Gy/25¢ + 9.6 75+15=90
106y/5
50Gy/20-25 + 763 75-81+15=90-96
Boost 10-15Gy OR Ir (average 93]
£56y/25 + 7 65+21=86
146y/7¢
L0Gy/16* + 92 65+20=85
12,56y/5¢

[*] TCP was calculated as: TCP = (failure rate without RT - failure rate with RT) / failure rate without RT. (#): number of fractions
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Figure 2.
Fitted linear regression line corresponding to the
-In[-In(TCP)] = -In(No) + a * BED = -4.08 + 0.07* BED equation.

4.0

35

30
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20

In[-ln(TCP)]

15 -
-2.0

of clonogens per tumour (to be killed by adjuvant RT) is 59.15.
Then, best-fit sigmoid relationship between TCP and BED
can be reconstructed (Figure 3).

DISCUSSION
Difficulties in dose-response calculation

In the current study we used the method proposed by
Withers et al [27]: biological effectiveness of adjuvant
irradiation should be measured by the percentile decrease in
recurrence rate, rather than by improvements in the rate of
control, so demonstration of success in clinical trials of
adjuvant therapy is more likely the higher the recurrence
rate in untreated controls (no RT patients groups). This
should be taken into account when reporting and calculating
TCPs in adjuvant treatments in oncology. However, the
difficulty in establishing such a dose-response relationship
in postoperative breast RT may be relatively greater than for
some other solid tumours, given that:

a) an unknown percentage of patients actually have no
residual cancer cells left following operation, while others
have a subclinical (microscopic) amount of residual tumour
cells that must be eradicated by radiation [27, 28]. This is an
inherent problem when analysing the results of any adju-
vant therapy;

50 60 70 80 90 100

BED

b) dose-escalation studies are usually lacking, therefore any
information should be obtained only from randomised
controlled trials (RCT) of RT vs. no RT where a narrow range
of RT schedules has been used; and

c) biological aggressiveness (ranging from elderly patients
with TINO, grade 1 hormone-receptor positive tumours to
women with multiple positive nodes, hormone receptor
negative, HER?2 positive tumours), variable surgical techni-
ques and skills amongst centres, chemotherapy/endocrine
regimes and timing and radiotherapy techniques are some
of the factors that may seriously affect the homogeneity of
clinical data in the randomised trials examined. In addition,
local recurrence could be the result of tumour regrowth of
within the initial tumour bed; or of tumour in the same breast
but outside the initial tumour bed, arising from cells existing
there at the time of initial treatment; or, finally, a de novo
development of a new tumour in the same breast. This
source of heterogeneity also contributes to an overall
decrease in the slope of the response curve.

Therefore, given the heterogeneity of the clinical material,
the calculated a—value in this and similar studies is rather a
measure of an -effective value. Although an effective alpha
(a) of 0.07Gy" is seemingly characteristic of a low radio-
sensitivity cell population, an assumed homogeneous
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radiosensitivity coefficient, (although not biologically sound)
is workable for the interpretation of clinical data, as has been
reported elsewhere [29].

We have also found that the pre-RT average clonogen
number per tumour is 59. This low value is also, in part, a
consequence of the “flattened out” population response
curve. A further reason for a low Ny value is that the residual
hierarchical status of differentiating tumours will cause
them to have quite small numbers of relatively undiffe-
rentiated regenerative cells [30].

The optimal fractionation

The optimal fractionation schedule for the postoperative RT
of early breast cancer remains undefined and is a subject of
wide variety in clinical practice. Yamada et al [14] have
reported that the BED values for two RT schedules (a/8 =4Gy
for breast cancer cells) are: 40Gy /16fr., BED=65Gy,, and
50Gy/25fr. BED=75Gy,. The 5-year local recurrence rates

Figure 3.

were 12.7% vs. 6.8%, respectively. They concluded that the
latter fractionation schedule offers a smaller local recur-
rence rate of 6.8% vs. 12.7% that was obtained with the 40Gy
/16fr., i.e. arelative difference of (12.7-6.8)/12.7 = 46.5%. This
difference was not statistically significant (p=0.09).

However, our current study is suggestive of a plateau in TCP
after nearly a BED of 90-100Gy,, It is noteworthy that in a
recent RCT by the EORTC (European Organization of Re-
search and Treatment of Cancer] 251 initial-stage breast
cancer patients with positive surgical margins after tu-
mourectomy, received whole breast RT of 50Gy/25 fractions
(BED=75Gy,) and were randomised to either a boost of 10Gy
(total BED=90Gy,) or a boost of 26Gy (total BED=114Gy,).
Although this study was of a rather low power (37 "events’
/ local recurrences) its results are suggestive of a plateau
in TCP after a RT with a BED of higher than 90Gy,, [31].

Estimates of alpha and beta coefficients, such as the ones
attempted in the present study, would probably contribute

The calculated BED-TCP sigmoid curve based on data extracted from randomised trials of RT vs. no RT after tumourectomy for
early-stage breast cancer. Each spot corresponds to a randomised clinical trial.

TCP
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to more efficient reporting and comparisons of isoeffective
doses of various fractionation schedules employed in
accelerated partial breast RT. For example, a commonly
used fractionation schedule for partial breast RT is 34Gy in 10
fractions over 5 days (RT given twice daily) [10]. This schedule
gives a BED=63Cy, (with incomplete repair between
fractions not taken into account -otherwise BED would be
somewhat higher- Ref. 17). This, according to Figure 3,
corresponds to a TCP of approximately 50%, meaning that a
failure rate without RT of, i.e. 20%, would become appro-
ximately 10% after this RT schedule. This, according to our
model, corresponds to a TCP of around 50%, which means
that a failure rate without RT of, e.g. 20%, would become
approximately 10% after this RT schedule.

The clinical use of any breast RT schedule would be an issue
of further judgement based on a number of factors that
would influence clinical decision. Those factors are TCP,
normal tissue post-radiation effects, social and economic
factors and healthcare resources. Models such as the one
proposed in the present study could offer clinical guidance
and guidance for the planning and assessment of clinical
trials on adjuvant breast radiotherapy.

Hypofractionated breast radiotherapy

Radiation oncologists outside the UK and Canada are
generally sceptical about using a RT regime with a higher-
than-standard (1.8-2Gy) dose per fraction. However, this has
more to do with personal judgment rather than with clinical
data and radiobiological analysis. One of the main principles
of radiobiology is that the late effects of normal tissues are
strongly dependent on the size of dose per fraction, so that
the higher the dose per fraction the greater the susceptibility
of healthy tissues to radiation. This is known as “fractionation
sensitivity”. Fractionation sensitivity of tissues is quantified
in terms of linear-quadratic (LQ) isoeffect formulation, by the
a/B ratio [17, 32]; the higher the sensitivity to the size of dose
per fraction, the lower the a/B ratio is. Late reacting normal
tissues (connective tissue, neural tissue, etc.) have an a/B
ratio of about 1.5-3Gy. Late post-radiation effects of breast
are fibrosis, oedema, tenderness, telangiectasia and a
combination of these effects, in addition to impaired
cosmesis and have an a/B =3Gy. It should be mentioned that
this discussion on hypofractionation does not apply to
treatment of lymphatic pathways due to the very high
fractionation sensitivity of the brachial plexus (neural tissue).
Acute radiation reactions in normal tissues such as the skin
or mucosa and squamous-cell carcinomas have an a/8 ratio
of 10Gy. It has been shown (see above] by radiobiological
analysis of clinical data [5, 6, 16, 17, 32] that breast adeno-
carcinomas have an a/8 ratio of around 4Gy, i.e. close to late
reacting normal tissues. Consequently, hypofractionation in
breast cancer may have a reasonable radiobiological
background as more tumour cells will be killed by a high
dose per fraction compared with the conventional 2Gy per
fraction, and would potentially compensate for repopulation

of tumour cells during RT. On the other hand, post-RT
reactions and side-effects are not worse, or might be a bit
better as START trials suggested, compared to standard RT
schedules.

Radiotherapy equipment: a vital final note

An important tool in the safe implementation of hypofra-
ctionated RT in early breast cancer is proper equipment.
Three-dimensional treatment planning allows for the
distribution of the prescribed dose in the breast and normal
tissues to be evaluated. In a randomised trial from the Royal
Marsden Hospital, three-dimensional (3D) IMRT Intensity
Modulated RT) against 2D dosimetry using standard wedge
compensators, were compared regarding late reactions
after whole breast RT. The 2D-arm patients were 1.7 times
more likely to have a change in breast appearance than the
IMRT-arm patients (p=0.008). Significantly fewer patients in
the 3D IMRT group developed palpable breast induration [33].

Another technique that could make breast RT courses
shorter is the accelerated partial breast irradiation (APBI),
which is defined as a radiation technique that employs
fractions higher than 1.8-2.0Gy per day to a partial volume
of the breast over a period of less than 5-6 weeks. The
rationale of this technique is to treat the lumpectomy cavity
and an adjacent margin of 1-2cm as the majority of breast
recurrences are diagnosed within this volume. The techni-
ques for APBI demand for a specific and high-tech equip-
ment and include interstitial implantation of radioactive
needles, MammoSite (the MammoSite system employs a
dual lumen spherical balloon-catheter which is placed in the
surgical cavity and filled with water; a high-dose-rate Iridium-
192 source in the central lumen delivers the RT in 10 fractions
over 5 days), targeted intraoperative therapy, intraoperative
electrons and photon beams with 3D conformal/IMRT
techniques [34]. The Intensity Modulated Partial Organ
Radiotherapy (IMPORT] trial is a randomised trial, currently
in progress in the UK, testing intensity modulated RT (IMRT)
and partial organ RT following breast-conserving surgery for
early breast cancer [35].

Modern equipment, although apparently expensive, offers
now more than ever the opportunity to exploit the principles
of clinical radiobiology and make Radiotherapy a cost-
effective treatment modality. This could be a useful guidance
for hospital managers in clinical oncology and is the current
trend in the NHS (National Health Service) in the UK.

Note: The present work was partially based on our previous
work with Prof Roger Dale, from Imperial College
Healthcare NHS Trust London UK, published recently:
Plataniotis GA, Dale RG. Int J Radiat Oncol Biol Phys 2009;
75:512-517.
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Do concurrent chemoradiotherapy with
docetaxel followed by docetaxel consolidation
chemotherapy improve the outcome of
anaplastic thyroid carcinoma patients?

Fatma Mohamed Farouk AKl', Ghada Ezzat Eladawei', Seham Elsayed Abd-Alkhalek', Ashraf Khater?

ABSTRACT

Background: Anaplastic thyroid cancers (ATC) are undifferentiated tumors of the thyroid
follicular epithelium which are extremely aggressive, with a disease-specific mortality
approaching 100 percent. A standardized successful protocol remains to be established and the
optimal sequence of multimodal therapy is still on debate.
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Patients & Methods: Eighteen ATC patients were enrolled into this study. They were first treated
with surgical debulking of the tumor if possible, followed by concurrent chemoradiotherapy
with docetaxel, conventionally fractionated radiation (60Gy in 2Gy fractions) to the gross or
residual primary disease and regionally involved lymph nodes was given, followed by 4 cycles
of docetaxel as consolidation chemotherapy in cases with no evidence of progression.

Results: Two patients (11.11%) had complete response (CR); nine patients (50%) achieved partial
response (PR]; one patient (5.56%) remained stable; while disease progression was observed
in 6 patients (33.33%). The median overall and progression-free survival times were 7 [95% Cl,
5.62-8.38] and 4 [95% CI, 2.62-5.38] months, respectively. Almost all patients had Grade I- |l
dysphagia, while only three patients (16.67%) had Grade Ill. Hematological toxicity was relatively
mild where Grade | anemia and neutropenia were detected in 5 and 6 patients, respectively,
while Grade Il was detected in 3 and 2 patients, respectively.

Conclusions: This study showed that docetaxel concurrent with radiotherapy followed by
consolidation docetaxel is feasible and effective in patients with ATC.

Key words: anaplastic thyroid carcinoma; concurrent chemoradiotherapy; docetaxel; multimodal
therapy.

INTRODUCTION

Anaplastic thyroid cancers (ATC) are undiffe-
rentiated tumors of the thyroid follicular epi-
thelium. In marked contrast to differentiated
thyroid cancers, anaplastic cancers are extre-
mely aggressive, with a disease-specific
mortality approaching 100 percent [1].

The annual incidence of anaplastic cancer is
about two per million persons [2, 3] and ac-
counts for only 2 to 5 percent of all thyroid
cancers. Patients with anaplastic cancer are
older than those with differentiated cancer; the
mean age at diagnosis is 65 years and less
than 10 percent are younger than 50 years.
Sixty to 70 percent of tumors occur in women
[4].

Approximately 20 percent of patients with
anaplastic thyroid cancer have a history of
differentiated thyroid cancer, and 20 to 30 per-
cent have a coexisting differentiated cancer [5].

Due to its dismal prognosis, there have been
different kinds of treatment modalities to
improve patient survival. The first treatment
option is to perform palliative surgeries of the
thyroid cancer, in order to reduce tumor bur-
den, however, many patients present with an
inoperable disease, and complete resection is
possible for only up to one-third of patients at
presentation [5]. After surgery, either radio-
therapy or chemotherapy or both could be
provided to prevent tumor progression and
further distant metastasis [6].
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Nevertheless, the aggressive nature and rarity of ATCs
make it difficult to compare patient outcomes, especially in
studies with small cohorts and short follow-up [7].

Doxorubicin is the most commonly used chemotherapy
shown to have efficacy against ATC as a radiosensitizing
agent, [8-11] but failed to show any significant improvement
compared with monotherapy in in vitro studies [12, 13]. Inan
early study, external-beam radiation therapy alone or in
conjunction with doxorubicin radiosensitization did not show
any improvement in overall survival [5].

Docetaxel has reported a clinical efficacy against ATC, with a
promising survival therapy when compared to the current
reported median survival time of 5-6 months without
treatment [14, 15, 16].

This prospective study was conducted on patients with
anaplastic thyroid carcinoma (ATC) to study the efficacy of
concurrent docetaxel chemoradiotherapy followed by
consolidation docetaxel.

PATIENTS & METHODS

This prospective study was carried out in the oncology
center, Clinical Oncology and Nuclear Medicine Department,
Mansoura University, Egypt, in the period from January 2009
to June 2012; itincluded 18 patients pathologically confirmed
to have anaplastic thyroid carcinoma treated with maximal
debulking surgery followed by external radiotherapy
combined with docetaxel chemotherapy.

Patients older than 20 years were eligible for this study if they
had pathologically confirmed ATC, no prior chemotherapy,
with measurable lesion that could be assessed according to
the Response Evaluation Criteria In Solid Tumors (RECIST) [17].

Before treatment initiation, all patients underwent a compu-
ted tomography scan of the neck, as well as of thorax and
abdomen, and additional sonography and magnetic reso-
nance imaging was performed in individual cases.

Surgery
Maximal debulking of all resectable gross tumor including

thyroid and cervical nodes was performed to control local
symptoms of neck mass or impending tracheal obstruction.

Treatment plan

All patients received standard external beam RT, a dose of
45Gy in 23 fractions to the neck and upper mediastinum
(given by 2-field anterior-posterior opposed photon fields,
extending from the tips of mastoid processes down to the
carina), followed by boost to the thyroid bed and any residual
disease to a total of 60Gy.

Radiotherapy was delivered with linear accelerator (6MV
photon).

Chemotherapy and radiotherapy began simultaneously.
Docetaxel was given intravenously in a dose of 20mg/m?/day
ondays 1,8, 15, 22,29 and 36. The chemotherapy was given at
approximately 30-60 minutes before receiving radiotherapy.

Patients were required to have absolute neutrophil count
>1500/uL without evidence of active infection, platelet count
>100000/pL, Hb >9gram/d\, liver function; AST, ALT <2x upper
normal limit (UNL), total bilirubin <or equal 1.5x UNL, renal
function; serum creatinine <2mg/dl and Eastern Cooperative
Oncology Group (ECOG) performance status of 0 to 2.

Restaging was performed 6 weeks after chemoradio-
therapy and consisted of imaging of all tumoral sites
documented before therapy initiation. Assessment of
response was performed according to the RECIST criteria.

In the absence of clinical or radiological evidence of pro-
gressive disease, consolidation docetaxel started 6 weeks
after chemoradiotherapy at 60mg/m? intravenously over 1
hour every 21 days for 4 cycles. Chemotherapy was
administered only if the ANC was >1500/uL, Hb >9 gram/dl
and platelet count was >100,000/uL. Otherwise, treatment
was delayed for one week to allow hematological recovery.

Evaluation of response and toxicity

Each patient underwent baseline evaluations, including a
complete physical examination, CT and/or MRI of the target
lesion. Tumor response was evaluated by clinical exami-
nation, neck CT scan or MRI 4 to 6 weeks after chemo-
radiotherapy. Patients were followed by imaging study with
CT scan or MRl every three months. Based on the Response
Evaluation Criteria In Solid Tumor, responses were
assessed and categorized as complete response, partial
response, stable disease, and progressive disease [17].

Radiation-related toxicities were graded according to the
Radiation Morbidity Scoring Criteria of the Radiation Therapy
Oncology Group (RTOG) [18], while chemotherapy toxicity
was recorded according to the National Cancer Institute
Common Toxicity Criteria (version 3.0) [19].

Endpoints

The primary endpoints were tumor response and survival,
whereas the secondary endpoint was treatment toxicity.

Statistical analysis

The statistical analysis of data was conducted using the
SPSS program for MS Windows version 17. The descriptive
data was delivered in the form of median + SE for quantit-
ative data; and frequency and proportion for qualitative data.
Time to progression-free survival (PFS] and overall survival
were determined using the Kaplan-Meier method to provide
the median value and 95% Cl. Survival curves were
calculated from life tables.

RESULTS

Between January 2009 and June 2012, a total of eighteen
female patients were enrolled into this study (Table 1). The
median age was 65 years (range, 55 - 74). Most patients
(67%) had Eastern Cooperative Oncology Group (ECOG)
performance status 2. Most of them presented with unre-
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sectable primary tumor (T4b 72%) and regional nodal
involvement (N1a 39%, N1b 61%). Debulking surgery was
performed for all patients.

All patients had completed their course of chemoradio-
therapy except three; 2 of them died during treatment after
receiving 48Gy and 52Gy, respectively, while the third
received 540y.

The treatment outcomes of patients treated with concomi-
tant chemoradiotherapy (CCRT) were as follows: six patients
had progressive disease (33.33%), two of them (11.11%) died
during treatment, one due to airway obstruction because of
disease progression and the other died of aspiration
pneumonia during CCRT. Ten patients (55.56%) achieved
objective response; two had (11.11%) complete response
(CR); and the other eight (44.45%) achieved partial response
(PR). Two patients (11.11%) showed stable disease (Table 2).

Patients who expressed non-progressive disease received
consolidation chemotherapy, docetaxel 60mg/m? every 3
weeks. The range of administered treatment cycles was 1 -
4. Atthe end of the treatment, the local control was assessed,
where eleven patients (61.11%) achieved objective response
[CR 2(11.11%), PR 9 (50%)] and only one patient (5.56%)
remained radiologically stable.

The median overall and progression-free survival were 7
[95% CI, 5.62-8.38] and 4 months [95% ClI, 2.62-5.38],
respectively, whereas the mean overall and progression-
free survival were 8.2 [95% CI, 6.09-10.38] and 6 [95% ClI,
3.93-8.07] months, respectively (Figures 1, 2).

Regarding side-effects during CCRT, hematological toxicity
was relatively mild where Grade | anemia and neutropenia
were detected in 5 and 6 patients, respectively; while Grade
Il was detected in 3 and 2 patients, respectively. Almost all
patients had Grade I-Il dysphagia, while only three patients
(16.67%) had Grade Il and required hospitalization for
parenteral nutrition and fluid replacement. One patient
developed aspiration pneumonia during CCRT requiring
parenteral antibiotics and died from respiratory distress.
Mild vomiting was only detected in four patients (Table 3).

Tahle 3.

Chemoradiotherapy-related toxicity.

Toxicities Grade | Grade Il
No A No

Hematological

Anemia 5 2178 3

Neutropenia 6 3334 2

Thrombocytopenia 0 0 0

Non-hematological

Dysphagia 8 Lh bk 7

Vomiting 4 222 0

Dermatitis 5 2178 2

Tahle 1.

Patient characteristics.

Patient characteristics  No of patients =18 Percent = 1007

Sex
Female
Age (years)
Median
Range
ECOG performance status

1
2

Stage of primary tumor*
Tha
Thb
Nodal stage*
NO
Nla
N1b
Overall stage of disease*

IVa
Vb

18

65
9%5-T74

100%

3%
67

2%
2%

0%
39%
61%

22%
78%

“Tumor and nodal disease extent based on the 6 edition of the

American Joint Committee Cancer Staging Manual.

Tumor response to concurrent chemoradiotherapy.

Tahle 2.

Response

Complete response

Partial response

Stable disease

Progressive disease

Grade llI

% No A
16.67 0 0
1.1 0 0
0 0 0
3889 3 16.67
0 0 0
111 0 0

No

o~ N o MO

Grade IV

h
1.1
L4 45
1.1
333
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Figure 1.

Overall survival.
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Radiation dermatitis was mainly confined to irradiated fields.
The irradiated skin showed various degrees of erythema
with hyperpigmentation. Five patients experienced Grade |
radiation dermatitis with only 2 patients developing moist
skin desquamation towards the end of treatment. All acute
reactions had completely subsided three to five weeks after
treatment completion.

During consolidation chemotherapy, myelosuppression -
especially neutropenia- was common, where 5 (41.67%)
patients had Grade | neutropenia; while 3 patients (25%)
developed Grade Il. Grade | and Il anemia were found in 4
(33.33%) and 2 (16.67%) patients, respectively, while Grade |
thrombocytopenia was recorded in three patients (25%). No
Grade Il or IV toxicity was detected.

DISCUSSION

Anaplastic thyroid cancer (ATC] is one of the most aggressi-
ve solid tumors that affect humans, with a median survival
in the order of 5 to 6 months following diagnosis with a 1-
year survival rate of about 10% [20].

Management of ATC is particularly difficult because patients
usually present with both extensive local disease and distant
metastases and the tumor often grows during treatment
and the cause of death for most patients is local tumor
invasion [21], so a standardized successful protocol remains
to be established and the optimal sequence of multimodal
therapy is still on debate [7].

In a study from Serbia, 16 inoperable ATC patients were

T T T
15.00 20.00 25.00

0S

treated with radiotherapy at 60Gy, followed by doxorubicin
60mg/m? and cisplatin 40mg/m? every 3 weeks. The overall
response rate (ORR] was 25% (95% Cl: 7-55). No toxic deaths
occurred or Grade 4 adverse events were reported after
radiotherapy. Grade 4 toxicity was seen in 3 patients after
chemotherapy. Median 0S was 11.0 months (95% Cl: 8.56-
13.44) [22].

A study from the Netherlands reported significantly impro-
ved local control and improved median survival with a
protocol consisting of locoregional radiotherapy in 46 fra-
ctions of 1.1Gy, given twice daily, followed by prophylactic
irradiation of the lungs in 5 daily fractions of 1.5Gy. Low-dose
doxorubicin (15mg/m? is administered weekly during
radiotherapy, followed by adjuvant doxorubicin (50mg/m?)
3-weekly up to a cumulative dose of 550mg/m? [9].

A recent study by Troch et al. [14] showed high efficacy of
concomitant treatment with docetaxel and radiation. They
performed a retrospective analysis of six patients with ATC
using docetaxel and external beam radiation, standard
external beam radiation of 60Gy was combined along with
docetaxel at 100mg fixed dose every 3 weeks for a total of six
cycles starting within the first week of radiation. The results
were remarkable, with only one patient having completed
radiation at the time of the report. Four patients achieved
complete remission and two partial response. After a
median follow up of 21.5 months (range, 2-40 months), five
patients were alive [14].

A prospective feasibility study at a single center included 7
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Figure 2.

Progression-free survival.
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patients with anaplastic thyroid cancer who had received no
prior chemotherapy. They received docetaxel intravenously
at a dose of 60mg/m? over the course of 1h every 3 weeks.
Treatment response was complete response in one patient,
stable disease in two and progressive disease in four. The
response rate was 14%, and the median time to progression
was 6 weeks (range, 1-50). Toxicity was tolerable [15].

In a prospective phase Il study that included 13 ATC patients,
treated first with surgical debulking of the tumor if possible,
then concomitant chemoradiation with docetaxel, cisplatin (TP
regimen), conventionally fractionated radiation (60Gy in 2Gy
fractions) to the gross or residual primary disease and
regionally involved lymph nodes was given, followed by 4
cycles of consolidation chemotherapy (TP regimen) / 3 weeks.

The median survival was 16.8 months. After concomitant
chemoradiation, 7 patients (53.8%) achieved objective res-
ponse. Neutropenia (23%), anemia (15.3%), nausea and
vomiting (15.3%) and pharyngo-esophagitis (7.6%) were the
most severe Grade 3 and 4 acute toxicities recorded during
concomitant chemoradiation. Neutropenia (30.7%) and
anemia (23%) were the most pronounced Grade 3 and 4
toxicities during consolidation chemotherapy [23].

Another study has shown promising results with the combi-
nation of docetaxel, doxorubicin and radiation, where median
survival was 40 months, with 60% alive at 2 years, but most
patients were hospitalized for severe mucositis or infection [24].

A retrospective review study at a single referral center includ-
ed 100 patients with a diagnosis of ATC, where seventy-eight

T T T
10 15 20

PFS

patients received radiotherapy, with 58 receiving a total dose
of >40Gy. Twenty-seven patients received chemotherapy, and
15 patients received multimodal therapy (surgery, radiothe-
rapy and chemotherapy). Survival rates by stage at 1 year
were 72.7% (stage IVA), 24.8% (stage IVB,) and 8.2% (stage IVC)
[25].

In a recently published retrospective review of the medical
records of 13 anaplastic thyroid cancer patients who were
treated at a single center and received multidisciplinary
treatment, five patients received doxorubicin-based definitive
concurrent chemoradiotherapy (CCRT), and eight received
surgery followed by postoperative RT or CCRT. The median
progression-free survival and overall survival were 2.8
months (95% Cl, 1.2-4.4 months) and 3.8 months (95% ClI, 3.0-
4.6 months), respectively. After CCRT, only one patient’s
condition remained stable, and rapid disease progression
was observed in the other four patients [26].

A retrospective study reviewed 44 ATC patients treated with
total thyroidectomy and cervical lymph-node dissection,
when feasible, combined with 2 cycles of doxorubicin
(60mg/m?) and cisplatin (100mg/m? every 3 weeks, hyper-
fractionated (1.2Gy, twice daily) radiation to the neck and
upper mediastinum (46-50Gy), and then four cycles of
doxorubicin-cisplatin. Complete response after treatment
was achieved in 14/44 patients (31.8%). Eight patients had a
partial response (18.2%). Twenty-two (50%) had progressive
disease. Thirteen patients are still alive. Median survival of
the entire population was 8 months [27].
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Our results compared favorably with the results of other
series of concomitant chemoradiation [14, 15, 22, 26, 271,
whereas they were inferior in comparison to others [23, 24]
which may be explained by the use of combined chemo-
therapeutic agents concurrently with radiotherapy.

In a phase Il study by Savvides et al, they assessed the
efficacy and toxicity of sorafenib in 16 pretreated patients
with anaplastic thyroid carcinoma, where disease control
rate (stable disease and partial response) was 40% and
toxicity was manageable [28].

So, sorafenib demonstrates an acceptable response rate in
anaplastic thyroid carcinoma and further clinical trials are
warranted, but due to the rarity of this tumor such a trial will
be hard to accomplish [29].

Also, the combination of pazopanib with microtubule
inhibitors such as paclitaxel produced synergistic antitumor

effects in ATC cells. These combined effects may reflect
enhanced paclitaxel-induced cytotoxicity mediated by cell
cycle regulatory kinase inhibition by pazopanib. These
results suggest that the pazopanib/paclitaxel combination
is a promising candidate therapeutic approach in ATC [30].

CONCLUSION

Preliminary results from this study show that docetaxel
concurrent chemoradiotherapy followed by consolidation
docetaxel is feasible and effective in patients with ATC and that
larger trials are warranted in order to judge the efficacy of this
combined approach. Further prospective multicenter clinical
trials are needed to elucidate an effective mode of treatment.
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ABSTRACT

Background: Patients with bone metastases secondary to solid tumors frequently experience
skeletal-related events (SRES). It is debatable whether the modest reduction in the rate of SREs
observed with a recently approved monoclonal antibody, denosumab, outweighs financial
implications associated with its relatively higher cost. In the current scenario of economic
slowdown and concerns around increasing healthcare expenditure, economic evaluation is
increasingly being utilized for healthcare decision-making. Here, we present an economic
evaluation of denosumab versus zoledronic acid for the treatment of bone metastases
secondary to solid tumors from a third-party payer perspective.

Patients & Methods: An Excel-based cost-effectiveness analysis including patients with bone
metastases secondary to breast, prostate, or other solid tumors was performed. Efficacy and

quality of life decrement inputs were based on the available literature; healthcare cost and
resource utilization inputs were obtained from the Greek healthcare system. One-way
sensitivity analysis was performed.
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Results: In the base-case analysis, denosumab had an incremental cost per quality-adjusted
life year of €56,818 for breast cancer; €61,296 for prostate cancer; and €80,830 for other solid
tumors. Incremental costs per SREs avoided in relation to zoledronic acid were €3614, €4889,
and €4854 for breast cancer, prostate cancer, and other solid tumors, respectively.

Conclusions: Economic analysis presents an opportunity to evaluate alternative options to
facilitate decision-making and opt for the choice offering best value for money. At a threshold
of €30,000, denosumab was not a cost-effective option for the prevention of SREs in patients
with bone metastases secondary to solid tumors from a Greek third-party payer perspective.

Key words: bone metastases; cost-effectiveness; denosumab; skeletal-related events; zoledronic
acid.

cause of considerable morbidity in patients
with almost all tumor types, prostate, breast,
and lung cancer are most frequently impli-
cated [1, 2]. It is estimated that up to 75% of
patients with advanced prostate or breast
cancer, and around 40% patients with advan-
ced lung cancer develop bone metastases [3].
Patients with bone metastases frequently
experience osteoclast-mediated bone destru-
ction and severe skeletal-related events
(SREs] such as pathological fractures, spinal
cord compression, hypercalcemia, and bone
pain requiring radiotherapy and orthopedic

Abbreviations

CRPC, castration-resistant prostate cancer; DRG,
diagnosis-related group; GDP, gross domestic
product; ICER, incremental cost-effectiveness
ratio; NSCLC, non-small-cell lung cancer; GALY,
quality-adjusted life year; QoL, quality of life;
RANKL, receptor activator of nuclear factor
kappa-B ligand; SRE, skeletal-related events.

INTRODUCTION

Bone is one of the most common sites of
distant metastases among patients with
cancer. Although bone metastases remain a

surgery [4, 5]. Bone metastases and conse-
guent SREs are associated with unfavorable
prognosis, increased mortality, and decreas-

June 2013



26 | FCO/Economic evaluation in healthcare decision-making

ed quality of life (QoL) in terms of mobility, independence,
and social functioning [5, 6].

Considering the great morbidity associated with bone
metastases, therapeutic management assumes high clinical
importance [2]. The aim of treatment for bone metastases is
to not only manage skeletal morbidity by delaying or pre-
venting SREs but also to improve overall QoL. The different
treatment options for patients with bone metastases include
radiation therapy, analgesics, surgery, and bisphosphonates
[7]. The latter provide relief from bone pain by inhibiting
osteoclast activity, which induces pathological bone condi-
tions in bone metastases, and consequently reducing the risk
of fractures and other complications [8]. Zoledronic acid
(Zometa®, Novartis), a bisphosphonate, is an approved bone-
targeted pharmacological treatment to prevent SREs
secondary to advanced solid tumors in patients with bone
metastases [9].

Denosumab (Xgeva®, Amgen) is a human monoclonal
antibody that inhibits osteoclast-mediated bone resorption
by binding to the receptor activator of nuclear factor kappa-
B ligand (RANKL] and prevents local bone destruction [10].
Data from three pivotal phase Ill, randomized controlled
trials reveals that denosumab is more effective in reducing
the incidence of SREs compared to zoledronic acid in pa-
tients with solid tumors [11-13]. In these studies, denosumab
demonstrated a statistically significant and clinically mean-
ingful improvement in preventing SREs compared to zole-
dronic acid in breast cancer [11]; prostate cancer [12]; and
other solid tumors [13]. Subsequently, denosumab has been
approved in Europe for the prevention of SREs in adults with
solid tumors to prevent serious complications caused by
bone metastases [14].

Greece, like other member States in the European Region, is
facing a formidable financial crisis and many cost-contain-
ment measures have been implemented in all fiscal sectors,
with health being one of them. In the healthcare sector the
main emphasis is on the control of pharmaceutical prices
and efforts are made to maximize value for money [15]. In an
attempt for the Greek NHS to establish evidence-based
prescribing behaviors, the introduction of positive lists has
been implemented in pharmaceuticals in March 2013 with
cost-effectiveness analysis as the main criterion for medicine
categorization [16].

Cost-effectiveness analysis represents a robust metho-
dology to quantify the relative benefits and costs of new
treatments in comparison to standard-of-care options.
Economic modeling provides essential information to
determine which treatments generate more value for the
money spent per patient. Cancer trials rarely collect enough
data on treatment costs and consequences for rigorous
economic assessment; thus, mathematical modeling is re-
quired to support decision-making [16]. It is debatable
whether the modest reduction in the rate of SREs with
denosumab, as has been observed in the head-to-head
comparisons with zoledronic acid, outweighs financial impli-

cations associated with its relatively higher cost (nearly twice
the cost of zoledronic acid in the USA] from a payer's
perspective in order to consider denosumab as a new option
for standard of care [18]. None of the studies compared the
cost-effectiveness of denosumab versus zoledronic acid in
patients with advanced solid tumor complicated with bone
metastases in Greece. The aim of this study was, therefore,
to perform a literature-based economic evaluation of
denosumab versus zoledronic acid in patients with bone
metastases secondary to breast cancer, prostate cancer, and
other solid tumors.

METHODS

We adopted an Excel-based model developed by Lothgren et
al. [19] to perform a cost-effectiveness analysis simulating
the outcomes to reflect the Greek third-party payer
perspective. In the model-based economic evaluation,
Lothgren et al. compared denosumab with zoledronic acid
for the prevention of SREs in patients with bone metastases
in the Netherlands [19]. For our analysis, we used efficacy
and QoL decrement inputs available from this model, and
healthcare cost and resource utilization inputs from the
Greek healthcare system. Specifically, for both interventions
-denosumab and zoledronic acid- the costs associated with
drug acquisition, administration, SREs, and patient monito-
ring were taken into account. Since economic consequences
of treatments were evaluated from a third-party payer
perspective, only direct medical costs were included. The
time horizon of analysis was 22.5 months for breast cancer,
14.5 months for prostate cancer, and 9 months for other solid
tumors. All analyses were performed using Microsoft Excel
2003.

Efficacy and QoL decrement inputs

For both the interventions, efficacy and QoL decrements
associated with each SRE type and tumor type were
obtained from the Lothgren et al study [19]. In the model
parameters of the Lothgren et al study, probabilities of
having each type of SRE and discontinuation rates of therapy
were mainly extracted from the results of the three pivotal
phase llI clinical trials aimed at evaluating the efficacy of
denosumab versus zoledronic acid for the prevention of
SREs in solid tumor patients with bone metastases [11-13].
The trial-based annualized SRE-rates (first and subsequent
SREs] for denosumab were 0.35, 0.47, and 0.55, and those
for zoledronic acid were 0.45, 0.59, and 0.65 in breast cancer,
prostate cancer, and other solid tumors, respectively. The
relative distribution of SRE types by solid tumors was
considered identical for both denosumab and zoledronic acid.
The distribution of SRE types is presented in Table 1.

Further, owing to lack of data from clinical practice,
discontinuation rates of therapy for the Lothgren et al. study
were also obtained from published clinical trials [11-13].
Such trial-based discontinuation rates (per model cycle,
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Tahle 1.

Distribution of SRE types.

SRE type Breast
Pathological fracture 64.50%
Radiation to the bone 29.40%
Surgery to the bone 380%
Spinal cord compression 2.30%
Total 100%

SRE, skeletal-related event.

denosumab vs. zoledronic acid) for breast cancer, prostate
cancer, and other solid tumors were 0.0216 vs 0.0219; 0.0310
vs 0.0359; and 0.0465 vs 0.0472, respectively. The relative
values for QoL decrements were identical for both
denosumab and zoledronic acid (Table 2).

Healthcare cost and resource utilization inputs

For the base-case analysis, the drug acquisition cost of
zoledronic acid was calculated based on the hospital price of
€196 per 4mg vial (including 5% social insurance price)
available from the latest price-bulletin issued by the Greek
Ministry of Health, and excluded the value-added tax (as it
represents a transfer price) [20]. As denosumab was not
available in the market, a hypothetical price was considered.
Based on the summary of product characteristics, the first
injection of denosumab is to be delivered in the hospital,
while the remaining injections are to be administered under
the responsibility of a healthcare professional [14]. Therefore,
another scenario was considered where denosumab was
assumed to be obtained from community pharmacists
except for the first one. For the base-case analysis, it was
deemed that denosumab is obtained and reimbursed as a
hospital-administered therapy by the pharmacy depart-
ments of the EOPYY (the main healthcare fund). For the
sensitivity analysis, it was considered that denosumab is

Table 2.
QALY decrements associated with SREs [19].

Cancer type Pathological Radiation
fracture to bone
Breast cancer 0.045 0.092
Prostate cancer 0.052 0.097
Other solid tumors 0.041 0.070

SRE, skeletal-related event; QALY, quality-adjusted life year.

Prostate Other solid tumors
36.30% 35.60%
55.10% 51.30%

1.10% 6.40%
750% 6.70%
100% 100%

obtained and reimbursed from the community pharmacists
(based on the following formula: [hospital price x 2% x 8%] +
€30). In the third scenario, the price of generic zoledronic acid
was set at €78.40 per vial (40% of the branded product price),
as zoledronic acid is going off-patent in 2013. The drug
acquisition cost of denosumab was calculated as €304.82 per
120mg (obtained from the April 2012 drug price bulletin) [21].

In our analysis, we also included administration cost for both
interventions. The administration cost for zoledronic acid
was set at €80 per intravenous infusion, which reflects the
day-case treatment cost according to the most recent tariffs
[22]. This cost includes all hospital administration and
monitoring charges as well as additional costs such as
personnel costs for nurse, doctor, etc, and the cost of
creatinine clearance. The administration cost of denosumab
included only the cost of a healthcare professional visit,
which was set at €10 based on the latest Government
Gazette Issue [23]. Moreover, the reimbursement costs
associated with pathological fracture, surgery to bone, and
spinal cord compression were obtained from the
corresponding diagnosis related groups (DRGs] tariffs
issued recently by the Greek Ministry of Health [22]. In
particular, the following DRGs were used in the model:
pathological fracture, €2,942 (DRG code, M79M); surgery to
bone, €7,063 (M09Ma); and spinal cord compression, €5,442

Surgery to Spinal cord Composite
bone compression (weighted average)
QALY loss / SRE
0.130 0.113 0.064
0.076 0.088 0.080
0.036 0.108 0.060
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(NO3M). For outpatient radiation to bone, a cost of €365 was
calculated as per the relative Government Gazette Issue
(290€ [radiotherapy planning] + 15 [radiotherapy sessions] *
5€ [cost/session]) [23].

Outcomes and sensitivity analysis

The primary outcome in our analysis was incremental cost-
effectiveness ratio (ICER) including total cost per quality-
adjusted life year (QALY) gained and per SRE avoided. A
€40,000/QALY threshold is the commonly used standard,
whereas a €60,000/QALY threshold corresponds to three
times the per capita gross domestic product (GDP) in Greece,
as recommended by the World Health Organization [24, 25].
In the context of the current economic crisis, a much lower
threshold of €30,000/QALY was considered.

One-way sensitivity analyses were conducted to test the
impact of denosumab cost on the primary outcome, and
determine the minimum hospital price of denosumab at
which this therapy could become a potential cost-effective
alternative relative to zoledronic acid at the willingness-to-
pay threshold of €30,000 for all tumor types.

RESULTS

Scenario 1: Denosumab is obtained and reimbursed as a
hospital-administered therapy

The results of the base-case analysis where denosumab is
obtained and reimbursed as a hospital-administered therapy
by the pharmacy departments of the EOPYY are presented in
Table 3.

Although denosumab is more effective than zoledronic acid,
itis also a more expensive option. Drug acquisition accounted
for 62%, 65%, and 52% of the total treatment cost in breast
cancer, prostate cancer, and other solid tumors, respectively.
The corresponding percentages for zoledronic acid were 56%,
57%, and 46%, respectively. Denosumab resulted in an
incremental cost per QALY of €56,818 (breast cancer), €61,296
(prostate cancer), and €80,830 (other solid tumors), indicating
that denosumab cannot be considered a cost-effective
alternative for the prevention of SREs at a threshold of
€30,000. Despite offering less cumulative SREs compared
with zoledronic acid, denosumab was unable to achieve a
favorable ICER of €30,000 or less. Costs per SRE avoided in
relation to zoledronic acid were €3,614 (breast cancer), €4,889
(prostate cancer), and €4,854 (other solid tumors).

Scenario 2: Denosumab is assumed to be obtained from
community pharmacists for subsequent injections
except for the first one

In this scenario, the ICERs were €136,752 (breast cancer),
€112,414 (prostate cancer), and €163,993 (other solid
tumors). Additional costs per SRE avoided in relation to
zoledronic acid were €8,699 (breast cancer), €8,966 [prostate
cancer), and €9,847 (other solid tumors).

Scenario 3: Zoledronic acid is available at generic prices
following patent expiration in 2013

When a generic price was applied for zoledronic acid, an
ICER per QALY for denosumab over zoledronic was €279,114
(breast cancer), €198,431 (prostate cancer), and €328 364
(other solid tumors). In this scenario, costs per SRE avoided
in relation to zoledronic acid increased to €17,755 (breast
cancer), €15,827 (prostate cancer), and €19,717 (other solid
tumors) (Table 4). Similar to the findings in the previous
scenarios, denosumab was not found to be cost-effective at
a threshold of €30,000, as drug-acquisition costs remained
considerably high with respect to zoledronic acid.

Sensitivity analysis

The one-way sensitivity analysis revealed that in scenario 1
(the first injection of denosumab is delivered in a hospital
and the remaining injections are delivered on an ambulatory
basis), denosumab becomes cost-effective at the hospital
price of €290 for breast cancer and €280 for prostate cancer
and other solid tumors, when the drug is obtained from
EOPYY pharmacies.

DISCUSSION

Cost-effectiveness analyses are being increasingly applied
by decision-makers in an effort to quantify and compare the
value of outcomes and evaluate the financial value of
different treatments from the payer's perspective. In the
present study, we employed cost-effectiveness analysis to
determine the value for money of denosumab for Greek
patients with bone metastases secondary to advanced solid
tumors. According to the economic analysis, when deno-
sumab is more effective (ie, higher QALY) and less costly
than zoledronic acid, it is considered the "dominant” treat-
ment. When denosumab is less effective and more costly, it
is considered a "dominated” treatment. When denosumab
is associated with higher QALY and higher cost, it is
considered “cost-effective” only when the ICER is lower than
a specific predetermined threshold (€30,000/QALY).

The findings of our analysis indicate that, although deno-
sumab was more efficacious, it is associated with high drug
acquisition costs and therefore, is not a cost-effective
alternative to zoledronic acid (based on the established
willingness-to-pay threshold of €30,000 per QALY gained). In
the base-case scenario, denosumab reported an incremental
cost per QALY of €56,818 (breast cancer), €61,296 (prostate
cancer), and €80,830 (other solid tumor), and was unable to
achieve a favorable ICER of €30,000 or less as compared to
zoledronic acid. These findings are consistent across all
tumor types and treatment scenarios. It must be noted that
in Greece, thus far, no normative cost-effectiveness
threshold exists. In the literature, different thresholds for
cost-effectiveness are used, and are considered to be
country-dependent (UK NICE recommends a threshold of
£20,000-30,000 per QALY gained) [26].
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Table 3.
Results of base-case scenario as concerns the acquisition and reimbursement of denosumab.
Breast cancer Prostate cancer Other solid tumors
Denosumab  Zoledronic  Difference  Denosumab  Zoledronic  Difference Denosumab  Zoledronic Difference
acid acid acid
Total SRE cost (€) 4,660 5,130 -470 2720 2997 277 2,939 309 -156
Total drug cost €] 7593 6415 1178 5,050 4,000 1,050 3,139 2615 525
Total cost (€) 12,254 11,545 708 7,770 6,997 2 6,079 5,710 369
Total GALY lost 0124 0136 0012 -0.124 0.136 0013 -0.086 -0.091 0.005
due to SRE*
Cost per QALY 56,818 61,296 80,830
gained (€)
Cost per SRE 3,614 4,889 4,854
avoided (€)

*First injection of denosumab is delivered at the outpatient hospital department and the remaining injections are delivered by a healthcare professional on an
ambulatory bas(s (denosumab is obtained from EOPYY pharmacy departments). The horizon of this analyss is on average 22.5 months for breast cancer, 14.5
months for prostate cancer, and 9 months for other solid tumors. SRE, skeletal-related event; QALY, quality-adjusted ife year.

Prostate Other solid tumors
Zoledronic  Difference Denosumab  Zoledronic Difference
acid acid
2997 277 2939 3,095 -156
2272 2778 3,139 1485 1,654
5,269 2,501 6,079 4,580 1,498
-0.1362 0.0126 -0.0860 -0.0906 0.0046
198,431 328,364
15,827 19717

Table 4.
Results for scenario 3 - applying generic price for zoledronic acid.
Breast cancer
Denosumab  Zoledronic  Difference  Denosumab
acid
Total SRE cost (€] 4,660 5130 -470 2720
Total drug cost (€] 7593 3,643 3,950 5,050
Total cost (€) 12,254 8,774 3,480 7770
Total QALY lost 01236 -0.1361 0.0125 -0.1236
due to SRE*
Cost per QALY 279,114
gained (€)
Cost per SRE 17,755
avoided (€)

SRE, skeletal-related event; QALY, quality-adjusted life year.

Other studies have assessed the cost-effectiveness of
denosumab compared to zoledronic acid in the prevention of
SREs in solid tumor patients with bone metastases using
registration trial data; the majority of these studies provide
robust findings that may translate to the Greek setting [27-
30]. Economic studies by Xie et al. have shown that deno-
sumab is not a cost-effective treatment option compared to
zoledronic acid for patients with breast and hormone-
refractory prostate cancers because of its high cost [27, 28].
The base-case scenario of the breast cancer study provided
an incremental cost per SRE avoided amounting to €86,695

[27]. The hormone-refractory prostate cancer study reported
an ICER of €53,720, which was cost-effective only for 0.3% of
total cases at the threshold of €30,000 [28]. Further, Snedecor
et al reported that the use of denosumab in patients with
breast cancer was also associated with a higher ICER
compared with zoledronic acid (€527,530) [29]. Snedecor et al,,
in a recent analysis for the patients with castration-resistant
prostate cancer (CRPC), estimated a cost per QALY of €800,742
(base-case scenario), raising questions regarding the careful
considerations of pharmacoeconomic values for the use of
denosumab in CRPC [30].
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In contrast, Stopeck et al have considered denosumab as a
cost-effective treatment option in the prevention of SREs in
patients with CRPC, breast cancer, and non-small-cell lung
cancer [NSCLC) from a US managed care perspective [31]. It
is apparent that this finding does not necessarily reflect the
local perspective of Greek payers, as the model was
intended to evaluate the circumstances considering local
budgets and economic trends from the US payer's
perspective. Also, the SREs and drug administration QALY
decrements reported in this study were based on time trade-
off rather than EQ-5D data from the phase Il clinical trials.
Nevertheless, the costs per QALY gained for denosumab
compared to zoledronic acid in this study for CRPC (€37,366),
breast cancer (€59,685), and NSCLC (€51,377) remained
costly at a threshold of €30,000/QALY from the Greek payer's
perspective [31].

The present analysis conducted for the Greek setting has
considered the above findings and made the best possible
attempt to adhere to the standard recommendations for
economic modeling. However, the model cannot substitute
“real-life" direct comparisons among the alternative
treatments. Hence, post-launch observational studies are
needed to verify the conclusions obtained from analyses
such as the one presented in this paper. Moreover, another
limitation of the present analysis was that we assumed that
the clinical outcomes obtained from the clinical trials and
model assumptions used by Lothgren et al. were applicable
to the Greek healthcare setting. However, in the absence of
studies comparing denosumab and zoledronic acid for the

prevention of SREs in the Greek population, the methodology
followed in the present study was the most transparent way
to perform a localized cost-effectiveness analysis. Finally, it
should be noted that the results of this analysis are strictly
applicable to the Greek setting and are derived on the basis
of the present time resource and drug prices. Among all
inputs, the model results were more sensitive to drug costs.
If any of the underlying parameters change, so may the
results and conclusions of this analysis.

Despite the above limitations, it should be mentioned that
conducting a cost-effectiveness analysis is an important
element of innovation that may be used by decision-making
bodies to reward treatments that provide value for money at
both at the micro- and macro-economic levels.
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ABSTRACT

Neuroendocrine tumors (NETs) comprise a group of relatively rare neoplasms with very
complex and heterogeneous clinical behavior. The incidence of these tumors according to
recent epidemiological studies has been remarkably increased worldwide. This is not only due
to increasing detection using new improved imaging techniques but it also seems to reflect the
increase of knowledge and awareness in dealing with this real diagnostic challenge. Given
their diverse biological behavior and therapeutic approaches, a proper classification of NETs is
warranted. Recently, two new molecularly targeted agents, sunitinib that targets the vascular
endothelial growth factor (VEGF) pathway, and everolimus that targets the mammalian target
of rapamycin (MTOR) pathway, have been approved for the treatment of pancreatic
neuroendocrine tumors. Here, we will review the major advances in diagnosis, classification

and treatment of NETs.

Key words: neuroendocrine tumor; classification; diagnosis; treatment; targeted; sunitinib;

everolimus; somatostatin.

Neuroendocrine cells (highly specialized cells
with both neural and endocrine characte-
ristics) are located in different organs such as
the digestive and respiratory tracts, thymus,
skin, ovaries as well as in endocrine glands
such as the adrenals, pancreas, thyroid,
parathyroids, and pituitary. Although their
relative percentage within the gastrointestinal
epithelium is only 1%, the neuroendocrine
cells of the digestive tract form the major
endocrine organ of the human organism.
Furthermore, they are more concentrated at
certain sites such as the gastric fundus-
corpus, the proximal duodenum, the papilla
of Vater, the terminal ileum, the appendix, the
lower rectum and the pancreas. These cells
receive neuronal signals-neurotransmitters
and respond by releasing different molecu-
les-hormones in the blood for regulatory
purposes. This diffuse neuroendocrine cell
system is responsible for the integration
between the nervous and the endocrine
system, a process known as neuroendocrine
integration [1].

Although relatively uncommon, as compared
with other tumors, the incidence of NETs
appears to be rising. Based on an analysis of
data from the Surveillance Epidemiology and
End Results database, Yao and his colleagues
estimated the incidence of NETs in the USA to

be 5.25 cases per 100,000 population in 2004,
an increase from 1.04 per 100,000 in 1973 [2].
This increase may in part be due to improved
diagnostic skills and improvements in classi-
fication of these tumors. Whether changes in
dietary habits, environmental factors, and use
of certain medications such as proton pump
inhibitors resulted in increased reported
incidence of NETs of various types is unknown
[2].

Neuroendocrine gastrointestinal tumors have
classically been divided into carcinoid tumors
and endocrine pancreatic tumors. Despite
great behavioral differences between the two,
they are grouped together as gastroentero-
pancreatic neuroendocrine tumors (GEP-NETs)
because of cell structure similarities [3]. In the
past, NETs of the ileum and the appendix were
the most common GEP-NETs but recent
studies revealed that probably gastric, small
bowel and rectum NETs are more frequent.
Apart from GEP-NETs and NETs of lungs, more
rare entities are the thymus NETs, the myeloid
thyroid cancer and the pheochromocytomas.
Locations such as the esophagus, gallbladder,
biliary ducts, liver, genital tract and skin are
very rare so that it is uncertain whether they
comprise primary tumors or metastases of
occult or clinical undetectable primaries [4].
Almost 10% of NETs are of unknown primary
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site. They usually present with liver metastases, they are
mainly well-differentiated and most of them finally represent
GEP-NETs. The majority of NETs are sporadic, but can be a
component of a familial genetic syndrome such as multiple
endocrine neoplasia (MEN] 1 and 2, Von Hippel-Lindau (VHL)
disease and neurofibromatosis (NF) type 1. When there is
evidence of such a syndrome (family history, multiple NETs)
patients should be considered for germline DNA testing
following genetic counseling. The mean age of onset is the
fifth-sixth decade with the exception of the appendiceal
carcinoids and the NETs in familial syndromes where the
appearance is 15-20 years earlier [1, 5].

NETs have the ability to synthesize, store and secrete a
variety of peptides and neuroamines, which can lead to the
development of distinct clinical syndromes by the so-called
‘functioning’ tumors (F-NETs). However, most NETs produce
but do not secrete at least sufficient amounts of biologically
active substances and these ‘non-functioning’ tumors (NF-
NETs) are diagnosed relatively late due to symptoms of
mass effects and distant metastases and thus they have
worse prognosis. Even in the case of functioning tumors
individual symptoms can be mild or may not be evident at
the time of assessment. Moreover, in most cases of gastro-
intestinal (Gl)-NETs, serotonin (5HT), tachykinins, kallikrein,
prostaglandins and other bioactive molecules can reach the
systemic circulation and cause the clinical syndrome known
as carcinoid only late in the course of the disease. In con-
trast, bronchopulmonary and ovarian NETs are associated
with early manifestations due to the direct disposure of the
bioactive molecules to the systemic circulation, bypassing
the liver. Functioning GEP-NETs are named by the secreting
hormone which is also responsible for the clinical syndro-
me. Therefore, they are called insulinomas, glucagonomas,
gastrinomas, serotoninomas and somatostatinomas. In
addition, they can produce ectopic hormones, such as
vasoactive intestinal polypeptide (VIP), ACTH or GH-releasing
factor.

Carcinoid syndrome includes flushing, diarrhea, cardiac
fibrosis and bronchospasm. Lung and thymic NETs can cau-
se Cushing's syndrome or acromegaly. Gastrin secretion
can lead to Zollinger-Ellison syndrome (peptic ulceration,
diarrhea, abdominal pain). Somatostatinomas are asso-
ciated with glucose intolerance, gallstones and steatorrhea.
VIPomas are characterized by watery diarrhea, hypokalemia
and achlorhydria. Insulinomas lead to hypoglycemic crisis,
while glucagonomas to glucose intolerance and migratory
necrolytic erythema [6, 71.

Therefore, NETs present clinically in a very heterogeneous
way depending on site of origin, the presence and sites of
metastasis, the existence of a hereditary syndrome, tumor
functionality and the type of hormone that they produce.
However, a large proportion of NETs is discovered inci-
dentally in the framework of routine examinations or on the
occasion of monitoring a coexisting disease.

In this review we will focus mostly on the diagnosis, classi-

fication and recent treatment developments of gastroentero-
pancreatic neuroendocrine tumors.

IMMUNOHISTOLOGICAL CRITERIA

Immunohistochemically neuroendocrine cells are characte-
rized by a strong and diffuse expression of neuroendocrine
markers such as synaptophysin and chromogranin A (CgA).
CD56 has recently proven to be less specific. In contrast to
synaptophysin, CgA is inhomogeneously expressed in the
cytoplasm of tumor cells but it can also be lacking, since its
expression depends on the number of neurosecretory gra-
nules in the cell and on the cell type. In small cell NE carci-
noma of the lung, generally in all the poorly differentiated
NETs (due to low density of secretory granules) and in rectal
NETs (due to specific cell origin) CgA is usually absent. Some
tumors, as mentioned above, may also be immunohisto-
chemically positive in specific peptide hormones or bioami-
nes such as insulin, glucagon, somatostatin, VIP, serotonin,
gastrin but they do not produce the respective syndromes.
Thus, immunohistochemical staining is not the only criterion
for definitive tumor classification. For example, if a tumor
stains for gastrin but does not produce symptoms of the
Zollinger-Ellison syndrome, it should not be considered a
gastrinoma but rather a gastrin-secreting NET. Immuno-
staining for these hormones is optional for the diagnosis of
NETs, but it can help find the primary tumor site if performed
in a liver or lymph node biopsy. For example, serotonin
positivity suggests a primary in the ileum; gastrin a primary
in the duodenum or the pancreas; and PP/glucagon in the
pancreas. Other markers are TTF-1 for lung primary, CDX2
for intestinal or pancreatic origin, PDX1 or Isl1 for pancreatic
primaries and S-100 for gangliocytic paragangliomas.
Several other newer markers have been reported to have
prognostic value in NETs. CK19 (cytokeratin-19) is a marker
of pancreatic ductal epithelium but also transiently
expressed in islet cells. Its expression has been shown to
correlate with worse survival in pancreatic NETs. Poorly
differentiated neoplasms have more limited expression of
these neuroendocrine markers and they lose their resem-
blance with the cells of origin [8, 9]. Following diagnosis of
the neuroendocrine nature of the tumor, the differentiation
and proliferation profiles have to be determined. Since early
disease can be cured by surgery alone and since most NETs
are already advanced when diagnosed, the right classi-
fication is crucial as it implies the therapeutic strategy.

NET CLASSIFICATION AND STAGING

Previous classification and nomenclature of NETs was
complex and confusing, in part because it was specific of
the organ where the tumor arises. Site-specific proposals
differed in terminology and in the criteria for histological
grading and staging, resulting in morphologically similar
neoplasms being classified differently based on the site of
origin. Stage and grade are the main prognostic factors of
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NETs but until recently there was not one single system of
nomenclature [7]. However, features such as tumor
proliferative rate and local extent are now generally similar.
The latest World Health Organization (WHO) classification of
2010 has adopted the staging system proposed by the
European Neuroendocrine Tumor Society (ENETS), which is
similar to most other non-neuroendocrine epithelial
neoplasms, and a grading system applicable to most of
these tumors [7, 9-10] (Table 1). This ENETS grading
proposal was adopted also by the AJCC but the staging
proposal was modified, without clear evidence of which one
better separates prognostically the different groups. NETs
are generally classified according to the site of origin and

Table 1.

Histological classification of neuroendocrine tumors,

Differentiation Grade Mitotic count

Well-differentiated Low grade (G1) <2 per 10 HPF
Intermediate grade (G2) 2-20 per HPF

Poorly differentiated High grade (G3) >20 per HPF

histology. The classification for bronchial and thymic
neuroendocrine tumors is presented in Tables 2 and 3.

According to the ENETS grading scheme, pure NETs are
separated in well-differentiated (subdivided to low-G1 and
intermediate-G2 grade) and poorly differentiated which are all
high-G3 grade and are named neuroendocrine carcinomas
(NECs). The latter are subdivided into small- and large-cell
carcinomas. When there is a non-endocrine component,
usually adeno- or squamous cell carcinoma, these neo-
plasms are called mixed neuroendocrine carcinomas and
mainly behave like carcinomas without endocrine component
and must be distinguished from the pure NETs [9, 10]. In
general, the well-differentiated NETs are much more

Ki-67 index (%) ENETS/WHO
< Neuroendocrine tumor, grade 1 (G1)
3-20 Neuroendocrine tumar, grade 2 (G2)
>20 Neuroendocrine carcinoma, grade 3 (G3], small cell

Neuroendocrine carcinoma, grade 3 (G3), large cell

ENETS, Eurapean Neuroendocrine Tumor Society: WHO, World Health Organization; HPF, high-power fields.

Table 2.

Histological classification of bronchial neuroendocrine tumors.

Differentiation Grade Mitotic count (per 10HPF)  Necrosis ENETS/WHO

Well-differentiated Low grade (G1) <2 AND Absent Typical carcinoid (TC)
Intermediate grade (G2) 29 OR Present (focal) Atypical carcinoid (AC)

Poorly differentiated High grade (G3) >9 OR Present (extensive) Large cell neuroendocrine carcinoma (LCNEC)

>H0

OR Present (extensive) Small cell neuroendocrine carcinoma (SCNEC)

ENETS, Eurapean Neuroendocrine Tumor Society: WHO, World Health Organization; HPF, high-power fields.

Table 3.

Histological classification of thymic neuroendocrine tumors.

Differentiation Grade Mitotic count (per 10 HPF) ENETS/WHO

Well-differentiated Low grade (G1) <10 Typical carcinoid (TC)
Intermediate grade (G2) 10-20 Atypical carcinoid (AC)

Poorly differentiated High grade (G3) >20 Large cell neuroendocrine carcinoma (LCNEC)

Small cell neuroendocrine carcinoma (SCNEC)

ENETS, European Neuroendocrine Tumor Society: WHO, World Health Organization; HPF, high-power fields.
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common [by a rate of 10:0.5) than the poorly differentiated
NECs. However, at certain locations such as the esophagus,
the colon or the lungs the poorly differentiated NECs are more
frequent than their well-differentiated counterparts.

Neuroendocrine tumor grading by the ENETS/WHO system
is based on proliferative rate, measured by mitotic activity
and/or the Kié7 labeling index [9, 10]. According to the WHO
guidelines, mitotic activity is measured on 40 to 50 high
power fields (HPF) and is reported as the number of mitoses
per 10 HPF or per 2mm?. However, it may not be possible to
calculate the mitotic rate when the amount of tumor tissue
is inadequate. The Ki67 index should be assessed in 2000
cells and is reported as the percentage (%) of the neoplastic
cells labeling for this proliferation marker. If there is
intratumoral disparity, the regions with the highest rates
("hot spots”) of the mitotic rate and Kié7 index should be
counted and the higher grade should be assigned [11].
Mitotic activity can be assessed only in large enough biopsy
specimens or after surgery, and there is no general
agreement as to the cutoff values that best separate
different grades, especially among NETs of different origin.
For example, the cutoff of poorly differentiated GEP NETs is
20/10 HPF but for bronchial NETs it is 10/10. Even though
there is no quality difference in grading assessment
between mitotic counting and Kié7 labeling, the latter offers
several advantages but when there is sufficient tumor,
accurate mitotic counting is preferred. Also the WHO
classification of lung and thymus tumors relies only on
mitotic rate, but for GEP-NETs mitotic rate and Ki67 are
equally used. In case of discordance between these two
methods, the WHO recommmends using the higher grade.

Well-differentiated NETs include tumors that were tradi-
tionally referred to as carcinoid (G1) and atypical carcinoid
(G2). The term carcinoid tumor remains in use, both in the
official WHO classification of NETs of the lung and thymus
and even though it is not in the official terminology for NETs
of other sites, it still remains a synonym of widespread
usage [9]. These well-differentiated tumors may have
similar histological characteristics but are different in
pathogenesis and biological behavior. They generally have
an indolent course and good prognosis with an overall five-
year survival of 67% but, as NETs of the digestive tract
represent a very heterogeneous group, they can have a
varying spectrum of aggressiveness. Despite their slow-
growing pattern, more than 40% will have already
metastasized by the time of diagnosis, mainly to the liver.
This is the reason why the term carcinoid has been
criticized, as it does not describe the potential malignant
behavior. In contrast, poorly differentiated NECs comprise
highly proliferative cells, are frequently very aggressive and
follow a rapid clinical course.

TUMOR MARKERS

All substances produced by neuroendocrine cells can serve
as tumor markers that may also have, apart from their

diagnostic and monitoring role, a prognostic one as well [12,
13]. Chromogranins (Cg) A and B are glycoproteins found in
NE cells. NETs usually have increased plasma levels of CgA
and less frequently of CgB. Assays measuring the whole
CgA molecule have higher sensitivity than those who define
parts of it and should be preferred and followed in all serial
measurements. Interpreting the results must be performed
cautiously, since other conditions such as renal failure,
chronic atrophic gastritis or proton pump inhibitors can
increase CgA. CgB, if expressed, is not affected by any of
these situations but there is no commercial assay for CgB
available yet. Tumor burden and biological activity correlate
with the CgA levels and has been shown to be an
independent prognostic factor for small well-differentiated
intestinal NETs [14]. Moreover, CgA has some role in
monitoring and early diagnosis of a tumor relapse [15].
Pancreatic polypeptide (PP), produced by PP cells located in
the gut and pancreas, is elevated in NETs of this origin but it
has the same limitation of low specificity as CgB. In NF-NETs
measurement of CgA and PP may be useful, as it has a
sensitivity of 95%. Neuron-specific enolase (NSE) is another
tumor marker with less specificity than CgA, most
frequently elevated in small-cell lung cancer patients and in
40% of GEP-NETs, medullary thyroid cancer and in pheo-
chromocytomas. From the urinary markers, the most use-
ful one is 5-hydroxyindolacetic acid (5-HIAA), a metabolite of
serotonin, in carcinoid tumors. Its levels depend on tumor
volume but they can also be affected by a variety of drugs
and the ingestion of certain foods. Lately, N-terminal pro-
brain natriuretic peptide (NT-pro-BNP) has been proven to
be an excellent biomarker of carcinoid heart disease also
exerting a high negative predictive value [16]. In general, CgA
is the most important tumor marker, not specific for a
particular NET type, and should be measured in every
patient with a suspected NET [13]. PP can help distinguish
pancreatic NETs (pNETs) and other GEP-NETs. NSE may be
of value particularly in poorly differentiated NET and all other
specific markers are tested only when the clinical
presentation predicates it. Given the delay of 5-6 years in
diagnosis of metastatic NETs the identification of more
sensitive markers that will help the early detection of the
disease is warranted; currently, no such tumor marker
exists. In one study circulating mRNA from GI NETs proved
sensitive enough, whereas circulating plasma Tryptophan
hydroxylase 1 (Tph-1) exerted a specificity of 100% [17]. The
combination of circulating 5-hydroxytryptamine (5-HT), CgA,
ghrelin, and connective tissue growth factor (CTGF)
fragments in a formulated algorithm increased the sensit-
ivity of detecting GI NETs to 82% [17]. Lately, circulating tumor
cells are utilized as a means of further increasing sensitivity.

IMAGING TOOLS

The diagnosis of NETs has been facilitated by the develop-
ment of several imaging techniques over the last decades.
The choice of imaging methods is based on tumor location.
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The aim is to guide needle biopsies in order to obtain a tumor
tissue specimen; to evaluate disease stage, tumor somato-
statin receptor expression and response to therapy; and
early detection of relapse. Lung, gastric, duodenal, rectal and
colonic NETs are basically diagnosed by endoscopy, but for
other primaries specific imaging methods must be used [18,
191.

Ultrasonography (U/S) is an operator-dependant exami-
nation leading to a wide variety of sensitivity and specificity in
the literature. Contrast-enhanced US (CEUS), endoscopic
ultrasonography (EUS) and intraoperative US (IOUS) are the
main modalities in use and have been shown to be more
sensitive than conventional U/S in detecting mainly
pancreatic NETs, liver metastases and rectal NETs.

Computed tomography (spiral or helical) is widely available
with a mean sensitivity of 95% and specificity of 73% for
diagnosing pNETs, NETs in the abdomen and thorax and
distant metastases. However, it is not the examination of
choice for small bowel NETs, where a CT enteroclysis may
be needed [20].

Magnetic resonance imaging (MRI) has a mean sensitivity of
93% and specificity of 88% and is the method of choice for
detecting liver, bone and mesenteric metastases. MRl as well
as EUS is useful for rectal NET detection and evaluation of its
invasion of the rectal wall, the surrounding mesorectum and
adjacent organs. High-quality MRI, including dynamic
imaging with intravenous contrast, can be achieved only
when itis performed in a limited part of the body, thus it is not
recommended for whole body imaging. Consequently, taking
also into consideration the limited availability of MR, it is
better to be used as differentiation tool in areas where there
is a strong suspicion for NET but it is not documented via
other imaging techniques. In general, CT and MRl imaging is
important as the size of the lesions is more easily calculated
according to RECIST criteria, it is more reliable and can help
to monitor response to therapy, in contrast to U/S.

Nuclear medicine plays a pivotal role in the imaging of NETs
[21]. Somatostatin receptor scintigraphy (SRS) commonly
with "In-pentetreotide ('""In-Octreoscan) can detect even
radiologically occult NETs but can also reveal distant meta-
stases when there is a positive primary uptake. In addition,
SRS evaluates somatostatin receptor (SSTR) status and
possibly the eligibility for therapy with somatostatin ana-
logues. SRS is based on the predominant expression of
subtype 2 SSTRs from the tumor cells. SSTRs are also
expressed in various normal tissues, such as the central
nervous system, anterior pituitary, thyroid, pancreas, Gl tract
and adrenals, in different density. '®F-fluorodeoxyglucose
positron emission tomography (*F-FDG PET) is based on
the metabolic activity of the tumor and can be usefulin high-
grade, poorly differentiated NECs, where SRS is usually
non-diagnostic [22, 23]. Unfortunately, most GEP-NETs are
well-differentiated and FDG-PET is of limited use only in
cases of less differentiated tumors. Indeed, according to a
recent study, it seems that there is a negative correlation

between 8F-FDG uptake and prognosis. The use of ¢#Ga-
labeled octreotide or octreotate (¥Ga-DOTA-TOC or TATE) PET
is based on the use of different radiolabeled somatostatin
analogues with higher affinity to SSTRs and has a sensitivity
and specificity near 95% [29, 30]. Other molecular tracers,
apart from somatostatin analogues that are in use in PET
imaging, are '®F-DOPA and ""C-5-HTP. L-34-dihydroxy-
phenylalanine (L-DOPA] is a catecholamine precursor, taken
up by the neuroendocrine cells and 5-hydroxy-L-tryptophan
(5-HTP) is a precursor of serotonin. The first one is a good
imaging tool for carcinoid tumors and the second one for
pancreatic NETs [21]. All these latest PET modalities are very
promising but still limited to only a few centers. Combined
techniques of SRS or PET with CT or MRI are very encou-
raging in terms of improved imaging quality and better de-
tection of the primary tumor and metastatic disease. Addi-
tionally, in the era of the new molecular therapies, the addi-
tion of functional modalities to morphological imaging can
better reveal the therapeutic result.

MOLECULAR PATHWAYS

New insights in the complex signaling mechanisms of NET
development, growth and metastasis have provided the basis
for evaluating new targeted treatments for these tumors [24,
25]. Until recently, very little was known about the genetic
profile of sporadic NETs. Evidence from familial syndromes
revealed germ line mutations of the MEN-1 gene in 70-90% of
MEN-1 families and in 95% loss of heterozygosity of the MEN-
1 locus. In VHL syndrome a combination of VHL gene mu-
tations and 3p loss of heterozygosity can lead in 15% of cases
to the development of endocrine pancreatic tumors. Neuro-
fibromatosis and tuberous sclerosis are caused by inactivation
of the tumor suppressor genes such as NF-1 and TCS-1 and
2. Knowing that NF-1 regulates TCS-1 and 2 through the
mammalian target of rapamycin (MTOR), loss of NF-1
function leads to mTOR activation and tumor growth [26].
Somatostatin and somatostatin receptors, belonging to the G-
protein-coupled receptor family, and tyrosine kinase re-
ceptors like the insulin-like growth factor 1 receptor (IGF1R)
have been shown to control cell proliferation in GEP-NETs.
Vascular endothelial growth factor (VEGF) and its receptor
(VEGFR), as well as platelet derived growth factor (PDGF) and
its receptor (PDGFR) in endothelial cells and pericytes are
crucial in promoting angiogenesis. The phosphatidylinositol
3-kinase (PI3K]-Akt and phospholipase C/protein kinase C
pathways are involved in VEGFR and PDGFR downstream
signaling, and the PI3 K/Akt/m-TOR, RAS/RAF/MAPK and
JAK/STAT pathways for signal transduction of IGFR-1 and
somatostatin receptors. Hindgut NETs express transforming
growth factor a (TGF-a) and epidermal growth factor receptor
(EGFRY), whereas foregut NETs have frequent mutations and
deletions of the MEN-1 locus [26]. The better understanding
of genetic defects in sporadic NETs and in those associated
with inherited syndromes will help in the development of new
treatments.
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THERAPY

Several treatment modalities are available for patients with
NETs. Although the aim of treatment should be curative
where possible, in the majority of cases it is palliative.
Patients often maintain a good quality of life over a long
period despite having metastases. For all patients, the aim
is to keep them free from disease and symptoms for as long
as possible.

Factors that influence the management of these patients
include tumor type and location; histological characteristics
(differentiation and proliferation index]; extent of the disease
(stage); symptoms from the secretion of bioactive sub-
stances; and patient's general status. Surgery, whenever
possible, is the only curative treatment for NETs. Other
treatments include somatostatin analogues, systemic
chemotherapy, targeted therapies, liver-directed therapies
and peptide receptor radionuclide therapy. A simplified
treatment algorithm for advanced NETs according to the

Figure 1.

WHO classification is shown in Figure 1. Herein, we will
focus on the therapeutic modalities used mostly in well- or
moderately-differentiated NETs of the pancreas and
gastrointestinal tract (gastroenteropancreatic NETs).

Surgery for GEP-NETs
Gastrointestinal carcinoid tumors

The treatment of choice for a patient who has a localized
carcinoid tumor is usually surgery. The extent of the surgical
resection depends on the site of origin and primary tumor
size. Gastric carcinoids are divided into three categories that
differ in biological behavior and prognosis. Type 1 is asso-
ciated with chronic atrophic gastritis and elevated gastrin
levels; type 2 is also characterized by elevated gastrin levels
usually in association with gastrinoma (Zollinger-Ellison
syndrome); while type 3 sporadic carcinoids are not asso-
ciated with atrophic gastritis or Zollinger-Ellison syndrome
[27]. For type 1 and 2 gastric carcinoids smaller than 1 to 2cm,

Simplified treatment algorithm for advanced NETs according to WHO classification [Adapted from Oberg K, Ref. 80).

Metastatic NET
Surgery, RFA,
embolization, other
debulking
WHO 61 WHO 62 WHO 63
Ki-67<2% Ki-67 3-20% Ki-67>207%
: 1st line:
Alt::rt!alnltl:veeslr:r?-a streptozocin + 5-FU/Dox st line:
everolimus .sunitin'ih Alternative: everolimus, cisplatin + etoposide
' sunitinib
2nd line: 2nd line: 2nd line:
Combinations temozolomide + temozolomide +
SMS =+ everolimus, capecitabine capecitabine +
IFN-a, sunitinib PRRT PRRT bevacizumab

NET, neuroendocrine tumor: RFA, radiofrequency ablation; SMS, somatostatin; IFN-a, interferon-a: 5FU, 5-fluorouracil; DOX, doxorubicin; PRRT, peptide receptor

targeted raclotherapy.
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endoscopic resection represents adequate therapy while for
tumors larger than 2cm endoscopic resection (if possible) or
surgical resection is indicated. Type 3 carcinoids are more
aggressive and partial or total gastrectomy with lymph node
dissection is recommended [28]. Tumors of the jejunum,
ileum or colon are treated with surgical resection of the bowel
with regional lymphadenectomy. Appendiceal carcinoids re-
present a special category as tumors are often found inci-
dentally at appendectomy and prognosis is influenced mainly
by tumor size. In general, for tumors greater than 2cm or
those with mesoappendiceal invasion it is recommended to
perform a right hemicolectomy, while for those smaller than
Tcm, simple appendectomy is adequate [29].

Pancreatic NETs (pNETs)

For localized pNETs, resection is the main modality used and
can result in excellent outcomes with 5-year survival rates
of 61% and 52% for stage | and Il tumors, respectively [30].
There are many factors that need to be considered, including
the presence of clinical symptoms, tumor size and location;
tumor malignancy potential; extent of the disease; and the
presence of metastases. In cases of preoperative
symptoms of hormonal excess, such symptoms need to be
treated, most of the times with the use of somatostatin
analogues (octreotide). The type of surgery depends mostly
on tumor location and may include pancreaticoduodenal
resection (Whipple's resection), distal pancreatectomy or
enucleation. Insulinomas are frequently benign and when
peripheral and easily located during surgery, enucleation is
usually sufficient. Laparoscopic resection may be performed
in specialized centers [31]. Frequently, pNETs are malignant
and there could be lymph node involvement even in tumors
that are 1-2cm in size [32]. Therefore, lymph node dissection
is required in the surgical treatment of pNETs.

Role of surgery in metastatic NETs

Metastatic liver involvement is frequently seen in GEP-NETs
and liver resection can be performed in about 10% of the cases
when one lobe is involved. If liver metastases are present at
diagnosis, resection of the primary tumor and of the liver
metastases could be considered and may be performed at the
same time or as a staged procedure. Hepatic resection of
metastases can improve symptoms, and may also be
performed in selected cases if a significant proportion of the
tumor bulk can be resected, with similar survival in patients
undergoing 90% liver debulking as in those who have
complete resection [33-35]. In a multi-institutional international
series of 339 patients with neuroendocrine tumor and liver
metastases, who were surgically managed, the 5- and 10-
year survival was 74% and 51%, respectively [36]. However,
disease recurred in 94% of the patients at b years.

Liver-directed therapies
Several techniques have been used as palliative treatments

in patients with NETs and hepatic metastases. Several
modalities for hepatic artery embolization have been used,
including bland embolization, chemo-embolization (doxoru-
bicin, cisplatin, streptozocin), embolization with chemo-
therapy eluting beads or radioisotopes [37-39]. These moda-
lities offer mostly palliation of symptoms, benefiting 70-90%
of the patients. There could also be radiological impro-
vement of metastases but it is largely unknown whether
there is any benefit in survival. Post-embolization survival
rates of 28-44% have been reported in patients with NET liver
metastases. However, some serious adverse events could
also occur, including sepsis, hepatorenal syndrome and
necrotizing cholecystitis in 7.5-23.8% of the patients. Careful
patient selection is mandatory in order to avoid major
complications. Embolization of the hepatic artery with 90Y
microspheres has been used with evidence of some benefit.
In a study of 148 patients, the symptomatic response rate
55% at 3 months and 50% at 6 months. Imaging response
was stable disease in 22.7%, partial response in 60.5%,
complete response in 2.7% and progressive disease in 4.9%,
while the median survival was 70 months [40]. Also, ablative
techniques (radiofrequency ablation, cryotherapy, micro-
wave ablation) could be used in selected patients with pallia-
tive effect [41]. However, there are no randomized trials that
have evaluated the effectiveness of these liver-directed
therapies as compared to surgery or systemic treatments.

In patients with neuroendocrine tumors and liver-only
metastases, liver transplantation has been attempted in a
relatively small number of patients. A report from the United
Network for Organ Sharing (UNQOS) database on 150 liver
transplants performed between 1988 and 2008 in patients
with NETs, showed 1-, 3- and 5-year survival of 81%, 65%
and 49%, respectively [42]. However, the majority of patients
undergoing liver transplantation develop recurrent disease.

Systemic treatment of neuroendocrine tumors

The aim of systemic treatment of advanced NETs is to
control symptoms due to hormone hypersecretion as well
as due to tumor growth. The classification systems used
differentiate between more indolent tumors which are well-
or moderately-differentiated and more aggressive tumors
that are poorly differentiated and most commonly treated
with platinum-based chemotherapy similar to small-cell
lung cancer. Systemic treatments that can be used include
somatostatin analogues, systemic chemotherapy, targeted
agents and targeted radiotherapy. Herein, we will focus on
systemic treatments used in well- and moderately-
differentiated tumors.

Somatostatin analogues
Symptom control

Frequently, patients with metastatic NETs and especially
GEP-NETs, develop symptoms due to hormonal
hypersecretion, rather than the tumor bulk. This is most
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commonly seen with pancreatic NETs and also with midgut
carcinoids in which hormonal symptoms are evident after
the development of liver metastases. Somatostatin re-
ceptors (SSTRs) are present in the majority of NETs and it
seems that SSTR2 and SSTRbS are the most important for
hormonal secretion inhibition in functioning NETs [43]. As
natural somatostatin has a very short half-life (2-3 min),
analogues with longer half-lives have been developed,
which bind to these receptors and inhibit the release of
various hormones in the gut, pancreas and pituitary. Two
somatostatin analogues (SSAs) are available: octreotide and
lanreotide. Internationally, both octreotide and lanreotide are
licensed for the control of NET symptoms, while lanreotide
is licensed in the USA for the treatment of acromegaly.
Somatostatin analogues produce both biochemical re-
sponses (in 30-70% of the patients) and also control
symptoms in the majority of patients. In a pooled analysis of
octreotide and lanreotide trials over the past 20 years, that
included 476 patients, a mean symptomatic response rate of
73.2% was noted [43]. These agents are more effective in
controlling symptoms associated with carcinoid tumors,
VIPomas and glucagonomas, while their efficacy is less
predictable for symptomatic insulinomas. Immediate-
release octreotide has to be administered subcutaneously
2-3 times daily and symptomatic patients generally receive
initial treatment with daily injections and are subsequently
switched to one of the longer-acting forms. These longer-
acting forms are octreotide long-acting-release (LAR],
lanreotide Autogel and lanreotide LA. Standard doses of
long-acting formulations is octreotide 20-30mg/4 weeks
intramuscularly (with dose escalation up to 60mg/4 weeks)
and lanreotide Autogel 90-120mg/4 weeks subcutaneously
[43, 44]. These long-acting agents have shown improvement
in the quality of life of patients with NETs, have comparable
or better efficacy than short-acting octreotide and are
considered the treatment of choice for symptomatic
treatment of NETs; while short-acting octreotide can be used
over short periods for breakthrough symptoms and for the
management of carcinoid crisis [45]. Short-acting octreotide
is also used prophylactically in patients with carcinoid
syndrome who will undergo major surgery or hepatic artery
embolization in order to avoid a carcinoid crisis.

Adverse effects of somatostatin analogues are generally
mild and usually subside over time. Patients may expe-
rience local reactions at the injection site, mild nausea,
abdominal discomfort and cramps, flatulence and loose
stool. Also mild glucose intolerance may occur, due to
temporary inhibition of insulin secretion. Additionally, there
is a risk of cholelithiasis in 10-50% of the patients and it is
recommended for patients who are already receiving or
about to receive long-term somatostatin analogues, and
undergo abdominal surgery, to have a prophylactic cholecy-
stectomy too.

Pasireotide is a novel somatostatin analogue with higher
binding affinity than octreotide for SSTR5 (40-fold), SSTR1

(30-fold) and SSTR3 (5-fold) and the same affinity for SSTR2
[46]. In a phase |l study it was effective in controlling sym-
ptoms in 27% of patients with carcinoid tumors in whom
treatment with octreotide LAR had failed [47]. An ongoing
phase Ill study compares the long-acting formulations
pasireotide LAR and octreotide LAR in patients with
advanced NETs (NCT006%0430).

Other treatments that may be required depending on the
hypersecreted hormones from NETs may include proton
pump inhibitors (gastrinoma), diazoxide (insulinoma), fluid
and electrolyte replacement (VIPoma).

Antiproliferative effect of somatostatin analogues

The efficacy of somatostatin analogues in controlling tumor-
associated symptoms has raised the possibility that these
agents could also have an antitumor effect. In earlier studies
it was seen that octreotide stabilized tumor growth in up to
50% of the cases [48], but there was generally poor evidence
of tumor response and their usefulness as an antineoplastic
treatment was controversial. In pancreatic NETs, tumor
responses (partial or complete) have been reported in less
than 10% of the patients, although stable disease has been
noted in 24-57% of the patients, and similar results have
been reported for midgut NETs [45].

The effect of octreotide LAR in controlling tumor growth in
patients with metastatic neuroendocrine midgut tumors
was evaluated in the PROMID study [49]. This was a
randomized, placebo-controlled, prospective, double-blind
study, where 85 treatment-naive patients with advanced
well-differentiated midgut neuroendocrine tumors were
randomized to either placebo or octreotide LAR 30mg
intramuscularly every month. The primary endpoint was
time to tumor progression (TTP) and secondary endpoints
were overall survival and tumor response. The results
showed that median TTP in the octreotide LAR and placebo
groups was 14.3 and 6 months, respectively (HR=0.34,
p=.000072). At 6 months, stable disease was seen in 66.7%
of the patients in the octreotide group and 37.2% in the
placebo group, while there was only one partial response
and no complete responses. It was observed that functio-
nally active and inactive tumors responded similarly and the
most favorable effect was seen in patients with low hepatic
tumor load and resected primary tumor.

Based on these results, the use of somatostatin analogues,
specifically octreotide LAR, is recommended by the ENETS
guidelines for antiproliferative purposes in functioning and
non-functioning midgut tumors [44]. However, the timing of
treatment initiation is controversial, as it remains unclear
whether early treatment is better than a "watch-and-wait"
strategy until tumor progression. For well-differentiated
tumors originating in the gastroduodenum or pancreas
there is evidence from retrospective and non-randomized
prospective studies that SSAs could be useful [50, 51]. For
grade Il tumors there is insufficient data for the efficacy of
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somatostatin analogues but these could still be used,
although alternative therapies may be considered. For me-
tastatic neuroendocrine carcinomas (NEC) grade I, treat-
ment with SSAs is not recommended and these patients
should be treated with chemotherapy.

Interferon

Interferon alpha (IFNa) has been used for the treatment of
neuroendocrine tumors (especially carcinoid) for many
decades. Its antitumor effects are exerted via T-cell
stimulation, cell cycle arrest and also through angiogenesis
inhibition [52]. In a review of more than 500 patients reported
in the literature with GEP-NETs and treated with IFN, tumor
responses were generally low (11%), while subjective
response rate was 60% and biochemical responses were
seen in 44% of the patients [54]. The combination of IFN and
SSA has been compared with SSA alone in three pro-
spective randomized studies in patients with metastatic
GEP-NETs. The results showed that there was no difference
in the antiproliferative effect of the combination versus
monotherapy with SSA [50, 51, 53]. However, these studies
were likely underpowered to detect significant differences
between the two arms. Significant side-effects due to IFN
are also another reason for its limited use in the treatment
of patients with NETs. Perhaps the main indication for IFN
use is in patients with advanced carcinoid who have disease
or symptom progression while on treatment with a
somatostatin analogue.

Chemotherapy

In general, chemotherapy is recommended in advanced
pancreatic NETs, metastatic foregut NETs G2, and in NEC G3
of any site.

Chemotherapy in pNET

Chemotherapy agents that have been used in pNETs include
streptozocin, 5-fluorouracil, doxorubicin, and more recently
oxaliplatin, irinotecan and temozolomide. Streptozocin has
been the mainstay treatment in the past 30 years with single
agent response rates of about 42% [55]. In a randomized
study of 84 patients with advanced islet-cell carcinoma, the
combination of streptozocin plus fluorouracil had advantages
over streptozocin alone in overall rate of response (63 vs. 36
per cent] and in rates of complete response (33 vs. 12 per
cent) [56]. In a seminal study by Moertel et al, 105 patients
with advanced pancreatic islet-cell tumors were randomized
to receive one of three treatment regimens: streptozocin plus
fluorouracil; streptozocin plus doxorubicin; or chlorozotocin
alone. The combination of streptozocin and doxorubicin
resulted in greater biochemical and radiological responses
(69 vs. 45%, p=0.05) and longer overall survival (2.2 vs. 1.4
years, p=0.004) compared to the combination of streptozocin
and 5-FU [57]. The high response rates reported in this trial
were not reproduced in other studies, probably due to the

non-standard response criteria used in the Moertel study. In
a retrospective study of 84 patients with non-resectable
pNETs treated with the combination of streptozocin, 5-FU and
doxorubicin, the overall response rate was 39% and the
median survival was 37 months [58].

Dacarbazine, which is an alkylating agent like streptozocin
has shown activity in pNETS. In a phase Il study, involving 42
patients with advanced pNETs, the response rate was 33%
[59]. However the toxicity of dacarbazine-based regimens
has limited its use. Temozolomide, a less toxic oral
analogue of dacarbazine has shown activity in combination
with capecitabine in patients with pNETs. In a retrospective
study, 30 patients with pNET were treated with this
combination and there was a very promising response rate
of 70% [60].

Newer cytotoxic agents have been explored in small, single-
agent trials, including the taxanes [61], gemcitabine [62],
pemetrexed [63], and topotecan [64], but the response rates
have been less than 10%.

Chemotherapy in carcinoid tumors

Contrary to pNETs, the role of chemotherapy in carcinoid
tumors is not as clear. In one randomized study the combi-
nation of 5-FU/streptozocin was compared to single agent
doxorubicin in 172 patients with metastatic carcinoid tumor.
Response rates were 22% and 21%, respectively and there
was no difference in survival [65]. In another randomized
study 5-FU/doxorubicin was compared to 5-FU/streptozocin,
in 176 patients, and the response rate (by WHO criteria) was
16% in both arms, but there was superior survival of 24
months with 5-FU/streptozocin vs. 16 months with 5-
FU/doxorubicin (p=0.0267) [66]. Patients crossed over to
dacarbazine (DTIC] treatment after disease progression
following first-line treatment and the response rate of
crossover DTIC treatment was only 8.2%, with a median
survival of 11.9 months.

Temozolomide showed limited activity in a retrospective
series that included 44 carcinoid tumor patients treated with
temozolomide-based regimens; only one (2 percent) had an
objective tumor response [67]. The majority of these patients
had primary gastrointestinal carcinoids.

There are some reports from phase Il non-randomized
studies showing some activity with metronomic 5-FU in
combination with octreotide, or capecitabine and oxaliplatin in
well-differentiated NETs including midgut tumors but their
value remains unclear [68, 69]. According to the 2012 ENETS
guidelines, patients with well-differentiated metastatic mid-
gut NETs generally should not receive current cytotoxic
regimens [44]. Chemotherapy might be an option exclusively
in advanced intestinal NETs after failure of previous treatment
lines. Also, according to the NCCN guidelines, anticancer
agents such as capecitabine, dacarbazine, 5-FU, interferon-
alpha (IFNa), and temozolomide can be used in patients with
progressive metastases from carcinoid when there are no
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other treatment options. However, objective radiological
responses are rare, and no chemotherapy drug or regimen
has demonstrated a PFS or overall survival benefit.

Targeted treatments

Over the past few years there have been significant advances
in understanding the molecular pathways involved in the
development of NETs [70]. Several targets are expressed in
neuroendocrine cells, including cellular growth factors and
their receptors, like VEGF, VEGFR, PDGF, PDGFR, EGFR and
others. NETs are highly vascularized tumors indicating that
the activation of angiogenesis plays an important role in its
pathogenesis. Studies have shown that VEGF and HIF
activation markers are overexpressed in NETs and influence
prognosis [71]. The mammalian target of rapamycin (mTOR)
pathway regulates cell growth, metabolism, proliferation and
angiogenesis and plays a role in neuroendocrine tumor
growth and is frequently activated in pancreatic NETs [72], but
there is also evidence for activation in carcinoid tumors as
well [73]. These facts have led to the investigation of
angiogenesis and mTOR inhibitors for the treatment of NETSs,
resulting in the approval of sunitinib and everolimus for use
in these tumors. Similarly to cytotoxic chemotherapy, these
agents seem to be more active in pancreatic NETs than in
carcinoids. Completed randomized studies of targeted agents
in NETs are presented in Table 4.

Angiogenesis inhibitors

Several agents inhibiting angiogenesis have been tried in
NETs, including the anti-VEGF antibody bevacizumab and
VEGFR tyrosine kinase inhibitors (sorafenib, sunitinib,
pazopanib).

A. Angiogenesis inhibitors in pNETs

In pancreatic NETs, the majority of evidence comes from the
use of small molecule tyrosine kinase inhibitors (TKls).
Sunitinib is a multi-kinase inhibitor with activity against

Table 4.

Completed randomized trials with targeted agents in NETS.

Author Therapy Tumor
Raymond [75] Sunitinib vs. BSC pNET
Yao [89] Everolimus vs. Placebo pNET
Pavel [87] Everalimus + Octreotide NET associated with

vs. Octreotide carcinoid syndrome

multiple signaling pathways and growth factor receptors
including VEGFR 1, 2 and 3, PDGFR-a and -B, Kit and others.
In a phase Il study, sunitinib (50mg daily for 4 of every 6
weeks) was administered to 109 patients with advanced
NETs [74]. Overall objective response rate (ORR) in pancreatic
endocrine tumor patients was 16.7% (11 of 66 patients), and
68% (45 of 66 patients) had stable disease (SD) while among
carcinoid patients the ORR was 2.4% (one of 41 patients).
Median time to tumor progression was 7.7 months in
pancreatic neuroendocrine tumor patients. This led to an
international placebo-controlled phase lll trial of patients with
progressing pNETS.

In this trial, 171 patients with well-differentiated (G1/G2)
advanced pNETs progressing within 12 months were
randomized to treatment with sunitinib (37.5mg continuous
dose) or placebo [75]. The primary endpoint was progres-
sion-free survival; secondary endpoints included objective
response rate, overall survival, and safety. The study was
discontinued early, after the independent data and safety
monitoring committee observed more serious adverse
events and deaths in the placebo group as well as a
difference in progression-free survival favoring sunitinib.
Median PFS was significantly longer with sunitinib (11.4
versus 5.5 months, HR 0.42, p<0.001). The objective re-
sponse rate was 9.3% in the sunitinib group versus 0% in the
placebo group. The most frequent adverse events in the
sunitinib group were diarrhea, nausea, vomiting, asthenia,
and fatigue. Palmar-plantar erythrodysesthesia and hyper-
tension of any grade occurred in 23% and 26% of patients
receiving sunitinib, respectively. The most common grade 3
or 4 adverse events in patients who received sunitinib were
neutropenia (12%) and hypertension (10%). Despite these
side-effects, there were no differences in the quality of life
index with sunitinib. Based on this data, sunitinib has been
approved by the Food and Drug Administration (FDA) and the
European Medicines Agency (EMA]) for the treatment of
advanced and progressive well-differentiated pancreatic
NETs. The majority of patients in this study had received
systemic therapy before and the exact position of sunitinib in

No. of patients Results
17 PFS 11.4vs. 55 months
ORR 9.3 vs. 0%
410 PFS11.0vs. 4.6 months
ORR 5% vs. 2%
429 PFS 164 vs. 11.3 months

(p=0.026, not significant as per statistical design)

BSC, best supportive care; pNET, pancreatic neuroendocrine tumor: PFS, progression-free survival; ORR, overall response rate.
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the treatment algorithm of pNETS is not yet clear. There is
no long-term safety data available and the response rates
with systemic chemotherapy seem to be higher (30-40%). It
is suggested that the main indication for sunitinib is in
second- or third-line treatment [44]. There are also some
limitations in this study that include premature end of the
study that could not allow the estimation of overall survival
and the fact that early termination may result in over-
estimation of the treatment effect and prevent rigorous
exploratory subanalyses [76].

Two other TKis, sorafenib and pazopanib, have been eva-
luated in pNETs in phase Il studies and have shown modest
activity. Sorafenib, a small-molecule inhibitor of the VEGFR-2
and PDGFR-B tyrosine kinase domains, was evaluated in a
phase Il study that included 50 patients with carcinoid tumors
and 43 patients with pNETs. In a preliminary report a response
rate of 11% was observed in patients with pNETs [77].
Pazopanib, which targets VEGFR-1, VEGFR-2, VEGFR-3,
PDGFR-a and -B, was evaluated in a prospective study of 51
patients with advanced NET who were also receiving
octreotide LAR, including 29 with pancreatic NETs. The respo-
nse rate among patients with pancreatic NETs was 17% [78].

B. Angiogenesis inhibitors in carcinoids

Small molecule TKls have been evaluated in advanced
carcinoid tumors in phase Il studies. Objective response
rates for sunitinib was 2.4% (one of 41 patients) [74]; for
sorafenib 10% (4 of 41 patients) [77]; and with pazopanib no
response was seen in 20 patients [78]. However, all studies
report a relatively high rate of disease stabilization and
potentially encouraging PFS duration (6-month PFS, 40% to
73%). These results could suggest that a cytostatic effect may
be underappreciated when the primary efficacy endpoint is
radiographic response in studies with VEGFR TKls in carci-
noid. Randomized studies will be needed to evaluate the
activity of these TKls in advanced carcinoid tumors.

Bevacizumab, which is a humanized monoclonal antibody
that binds to circulating VEGF-A, has been evaluated in
combination with octreotide long-acting release (LAR] in a
randomized phase Il trial in comparison to pegylated IFNa-2b
in advanced carcinoid tumors [79]. After 18 weeks, 95 percent
of patients treated with octreotide plus bevacizumab
remained progression-free, compared with only 68 percent
of those receiving octreotide plus IFNa-2b. Based on these
results, SWOG has initiated a phase Il trial investigating the
efficacy of octreotide LAR plus either IFNa-2b or bevacizumab
in patients with advanced carcinoid tumors. Bevacizumab
has also been combined with different cytotoxic drugs
(temozolomide, FOLFOX, capecitabine/oxaliplatin) in small
phase Il studies with objective response rates of 20-30% [80].

mTOR inhibitors

mTOR plays a central role in the proliferative effects of
several growth factors, promotes cell metabolism and

angiogenesis in part by mediating VEGF and insulin growth
factor (IGF)-1 signaling. Two mTOR inhibitors, temsirolimus
and everolimus, both rapamycin derivatives, have been
evaluated in clinical trials for the treatment of patients with
multiple types of malignancies including NETs.

A. mTOR inhibitors in pNETs

Temsirolimus as a single agent has been evaluated in a
phase Il study of 37 patients with advanced NET [81]. The
response rate was only 5.6% and it was not pursued further
as monotherapy. In recently reported preliminary results,
the combination of temsirolimus (25mg IV weekly) with
bevacizumab (10mg/kg every other week] in patients with
well- or moderately-differentiated pNET and progressive
disease by RECIST within 7 months of study entry showed
encouraging activity. Confirmed PR was documented in 11 of
the first 25 (44%) evaluable patients and 20 of 25 (80%)
patients were progression-free at 6 months [82].

Everolimus has been studied extensively in NETs, with more
than 1000 patients having been treated with it in clinical trials.
The activity of everolimus in combination with octreotide
long-acting (LAR) in patients with advanced low- to
intermediate-grade neuroendocrine tumors was evaluated
in a phase Il study [83]. Among 30 patients with pNET, there
were eight PRs (27%), 18 SDs (60%), and four PDs (13%).
Median PFS was 50 weeks.

The activity of everolimus in pNET was explored in an
international phase Il study (RADIANT-1) of 160 patients with
metastatic pNET whose disease had progressed during or
after chemotherapy [84]. Patients were stratified by prior
octreotide therapy (stratum 1: everolimus 10mg/d, n=115;
stratum 2: everolimus 10mg/d plus octreotide long-acting
release [LAR], n=45). Among patients receiving everolimus
alone, the objective response rate was 10% and median PFS
was 9.7 months. In patients who received octreotide plus
everolimus, the partial response rate was 4% and median
PFS was 17 months. The role of octreotide cannot be
ascertained in this study as it was not randomized.

The activity of everolimus in pNETs was also evaluated in a
large randomized phase Il study. RADIANT-3 compared the
efficacy of daily everolimus 10mg versus placebo, both in
conjunction with best supportive care, in 410 patients with
advanced progressing low- or intermediate-grade pNET [85].
The primary endpoint was progression-free survival in an
intention-to-treat analysis. In the case of progression patients
assigned to placebo could cross-over to open-label
everolimus. The two groups were similar with respect to
having previously received radiotherapy, chemotherapy and
somatostatin analogue therapy. The median progression-free
survival was significantly improved in the everolimus group:
11.0 months with everolimus as compared with 4.6 months
with placebo (HR=0.35, p<0.001). In a pre-specified subgroup
analysis, the benefit with everolimus was irrespective of prior
chemotherapy, WHO performance status, age, sex, geogra-
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phic region, prior somatostatin analogue therapy and tumor
grade (either well- or moderately-differentiated). Confirmed
objective tumor responses were observed in 10 patients
receiving everolimus (5%), as compared to 4 patients receiving
placebo (2%). Stable disease was evident in 73% of the patients
in the everolimus group, as compared to 51% in the placebo
group. Median overall survival was not reached at the time of
analysis, and no significant difference between the groups
was observed. However, 73% of the patients in the placebo
arm crossed-over to treatment with everolimus upon
progression, thus confounding the detection of any overall
survival difference. Drug-related adverse events were mostly
grade 1 or 2 and included stomatitis (in 64% of patients in the
everolimus group vs. 17% in the placebo group); rash (49% vs.
10%); diarrhea (34% vs. 10%); fatigue (31% vs. 14%); and
infections (23% vs. 6%), which were primarily of the upper
respiratory. Grade 3 or 4 events that were more frequent with
everolimus than with placebo included anemia (6% vs. 0%) and
hyperglycemia (5% vs. 2%).

Based upon this study, everolimus is approved by the FDA
and EMA for the treatment of progressive pancreatic NETs in
patients with unresectable, locally advanced or metastatic
disease.

B. mTOR inhibitors in carcinoids

The best evidence for the activity of mTOR inhibitors,
specifically of everolimus, in patients with carcinoids comes
from the RADIANT2 phase Ill trial [86]. The aim of this study
was to evaluate whether everolimus at a dose of 10mg per
day plus 30mg octreotide LAR every 28 days compared with
placebo plus 30mg octreotide LAR every 28 days, prolongs
progression-free survival in patients with well- or mode-
rately-differentiated advanced neuroendocrine tumors and
symptoms of carcinoid syndrome. 429 patients with
progressive disease within 12 months prior to study entry
were included. The patient population was heterogeneous,
with small intestine primaries comprising about 50% of the
population, while other primary sites included lung, colon,
pancreas and even unknown primary sites. Median
progression-free survival by central review was 16.4 (95% Cl
13.7-21.2) months in the everolimus plus octreotide LAR
group and 11.3 (8.4-14.6) months in the placebo plus
octreotide LAR group (hazard ratio 0.77, 95% CI 0.59-1.00; one-
sided log-rank test p=0.026). Adjusted for two interim
analyses, the pre-specified boundary at final analysis was
p<0.0246, thus this study narrowly missed statistical signi-
ficance and everolimus is not approved for extrapancreatic
NETs. Most adverse events associated with everolimus plus
octreotide LAR were grade 1 or 2 and consistent with the
known safety profiles of these drugs. The most common
drug-related adverse events of any grade were stomatitis
(62%), rash (37%), fatigue (31%), and diarrhea (27%). The
incidence of drug-related pneumonitis was 8% (18 patients) in
the everolimus plus octreotide LAR group versus 0% in the
placebo plus octreotide LAR group. In a recent preliminary

report of a multivariate analysis of RADIANT-2, factors
associated with a greater likelihood of response include non-
elevated baseline CGA levels, WHO PS 0, absence of bone
metastases, and lung as primary site [87]. Taking in account
the lack of effective systemic treatments for advanced
progressing carcinoid tumors and the results of the
RADIANT-2 study, everolimus could be considered as a
treatment option when other therapies have failed.

Other targeted pathways

The EGFR pathway has been targeted in NETs with limited
success. In a study of gefitinib in 96 GEP-NET patients,
response rates were less than 7% and at 6 months, 61% of
patients with carcinoid tumors and 31% with pNET were
progression-free [88]. Another tyrosine kinase receptor that
is overexpressed in NETs is IGF-1R and targeted therapies
are undergoing evaluation, including AMG479 (ganitumab)
and cixutumumab. Other targeted agents that are under
evaluation include brivanib (dual inhibitor of fibroblast growth
factor and VEGF) and cabozantinib (MET and VEGFR2
inhibitor) [70].

Peptide receptor targeted radiotherapy (PRRT)

In the past two decades there has been substantial interest in
targeted radiotherapy using radiolabeled somatostatin
analogs. The radionuclides most commonly used are yttrium
(Y] and lutetium ("77Lu), which differ in emitted particles,
particle energy and tissue penetration. PRRT can be
considered in both functioning and nonfunctioning NET with
positive SRS, irrespective of the primary tumor site. Although
there are no randomized studies, promising results have
been reported with PRRT in patients with metastases from
NETs, with response rates up to 37% mostly in small
retrospective studies. It appears that response rates are
higher in pancreatic tumors than in midgut NETs. In the
largest series reported, 90Y-DOTA tyr3-octreotide was given to
1109 patients with metastatic NET and disease progression
within 12 months, with positive somatostatin receptor sci-
ntigraphy. After the initial dose, additional treatment was
withheld if there was disease progression or permanent
toxicity. The number of courses delivered ranged from one to
ten. The morphological response rate was 34.1%, while
biochemical response was seen in 15.5% of the patients and
29.7% of the patients had symptomatic improvement [89]. The
median survival from diagnosis was 94.6 months. Cox
regression analyses revealed that longer survival was found
with all types of responses. Overall, 142 patients (12.8%)
developed grade 3 to 4 transient hematological toxicities, and
103 patients (9.2%) experienced grade 4 to 5 permanent renal
toxicity. Multivariable analysis revealed that tumoral uptake
in the initial imaging study was predictive for overall survival,
whereas the initial kidney uptake was predictive for severe
renal toxicity. Another radiolabeled somatostatin analogue
that has been utilized is '7Lu-DOTA, Tyr®-octreotate and in one
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report, over 500 patients were treated up to a cumulative dose
of 750 to 800mCi (27.8-29.6GBq), usually in four treatment
cycles, with treatment intervals of 6 to 10 weeks. The
response rate in 310 evaluable patients was 30% [90]. Median
0S from start of treatment was 46 months, while median 0S
from diagnosis was 128 months. Serious adverse events that
were likely attributable to the treatment were myelodysplastic
syndrome in three patients, and temporary, nonfatal, liver
toxicity in two patients.

It appears that PRRT is a promising tool in the management
of patients with advanced NETs, with manageable toxicity
and is currently used in several European centers. However,
the exact role of PRRT remains to be defined and well-
designed studies comparing PRRT with medical therapy are
needed.

CONCLUSION

Neuroendocrine tumors are relatively rare and include a
diverse group of tumors with varied biological behavior. The
incidence of neuroendocrine tumors appears to be

increasing, but survival of patients with metastatic disease
has improved. There is significant progress in the diag-
nosis and classification of these tumors. Surgery is the only
curative therapy for patients with this disease. The available
therapeutic options available are rapidly evolving. Therapy
with somatostatin analogues is an efficient treatment to
achieve palliation of symptoms, but also seems to have
antiproliferative activity. Hepatic metastases, depending on
size, number, and location, may be amenable to surgical
resection, transarterial chemoembolization, or radio-
frequency ablation. Recently, biological treatments that
include radiolabeled somatostatin analogues, angiogenesis
inhibitors, and mammalian target of rapamycin inhibitors
show activity. Other targeted agents are under clinical
investigation and are likely to play prominent roles in the
management of neuroendocrine malignancies in the
future.
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Colonic metastasis of renal cell carcinoma

4 months after left radical nephrectomy:

A case report and a review of post-nephrectomy
colonic metastases from renal cell cancer

loannis Vasileios Asimakopoulos, Edvin Vasili, Stylianos Dragasis, Polichronis Stergiou, Michalis
Antonopoulos, Eleni Res, Anastasios Visvikis, Joseph Sgouros, Epameinondas Samantas

ABSTRACT

Renal cell carcinoma is one of the most common malignancies of the genitourinary tract. A 64
year-old man, with medical history significant for left radical nephrectomy due to renal cell
cancer, presented to our Department due to symptoms of colicky abdominal pain and sense
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of flatulence, which started 1 month earlier. Right colectomy was performed and the
histological findings of the tumor revealed metastatic disease from the renal cell cancer. A
comprehensive Medline search revealed only 11 reported cases to date, of post-nephrectomy
colonic metastasis from renal cell cancer -in one case there was also a simultaneous duodenal
mass- while in another 2 cases there was a synchronous metastatic disease in colon at the
diagnosis of the disease. In patients with personal history significant for renal cell cancer, the
occurrence of colon metastasis should always be excluded, on presence of either clinical
indication or imaging findings in colon. To the best of our knowledge, this case represents the
first incidence of early solitary colonic metastasis of renal cell cancer, only 4 months after
radical nephrectomy.
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INTRODUCTION

Renal cell cancer, a term that includes a
variety of cancers arising in the kidney, com-
prises several histologically, biologically, and
clinically distinct entities, which accounts for
3% of neoplasias in adults and the third most
frequent neoplasia of the genitourinary system
[1,2]. The incidence in males is greater than it
is in females, with a ratio of 1.6:1. Largely a
disease of adulthood, with peak incidence
after the fifth decade of life, RCC may also
occur in children and infants [3]. Many renal
masses are found incidentally during evalua-
tion of unrelated medical issues or metastatic
foci. Only 10% of patients present with the
classic triad of hematuria, pain and flank
mass [4, 5]. Initial presentation may also be a
paraneoplasmatic syndrome or laboratory
abnormality, including elevated erythrocyte
sedimentation rate, weight loss, cachexia,
hypertension from increased renin, anemia,
hypercalcemia (release of PTH-like substance),

elevated alkaline phosphatase, polycythemia
(increased erythropoietin), and Stauffer's syn-
drome (reversible, non-metastatic hepatic
dysfunction that usually resolves once the
primary tumor is removed) [6-8]. Approxi-
mately one out of four patients appears with
metastatic disease [9, 10]. Common sites of
metastatic spread include lung (70%-75%),
lymph nodes (30%-40%) and bone (20%-25%)
while the liver, the central nervous system
and the soft tissues are less commonly affect-
ed. Particularly, the onset of metastasis in the
intestine is unusual. Thus, metastatic disease
in the colon is extremely rare [11]. To the best
of our knowledge, this case represents the
first incidence of early solitary colonic meta-
stasis of renal cell cancer, only 4 months after
nephrectomy.

MATERIAL & METHODS - CASE
PRESENTATION

A 64 year-old man presented to our Depart-
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ment due to symptoms of colicky abdominal pain and sense
of flatulence, which had started one month earlier. He did
not mention any recent change in bowel habit, rectal bleed-
ing, melena or constipation. He had no fever. His medical
history was significant for radical nephrectomy of the left
kidney four months earlier because of a renal mass.

At that time, the patient had been admitted to the hospital
because of abdominal pain which reflected to the loin,
having appeared a month earlier. Also, he had noticed a 4kg
weight-loss in the previous two months. No symptoms or
signs of pyrexia, macroscopic or microscopic hematuria,
hematochezia/melena or change in bowel habits had been
noted. The Complete Blood Count and basic serum
biochemistry were within normal limits. Due to no abnormal
ultrasound findings of solid organs, urinary system and
pelvis cavity, a CT scan of the abdomen (with p.os and i.v.
contrast] had been performed. It revealed a 7X7Xx6 cm in
size, left renal mass with heterogeneous constitution,
mainly solid. The rest of the imaging evaluation, with CT
scan of the chest -i.v. contrast agent had been administered-
as well as a preoperative MRI of the abdomen -i.v. para-
magnetic contrast agent had been administered- did not
demonstrate any other pathological conditions affecting the
chest or the abdomen. Histological examination of the tumor
revealed renal cell carcinoma; 8cm; eosinophilic variant;
grade Il; not invading the perirenal fat, perirenal capsule,
renal pelvis, ureteral and vascular stump. The immune-
phenotype of the tumor was Vimentin (+):+, AET/AE3:+,
Ker7:- . Due to having been limited to the renal and in
absence of any evidence for distant metastases -with regard
to standard staging process of renal cell cancer- the stage of
the tumor was T2NXMQO. So, according to the international
guidelines, the patient did not undergo adjuvant chemo-
therapy but was placed in a strict follow-up at the outpatient
clinic.

Four months later, physical examination and basic
laboratory tests did not reveal any remarkable findings.
Colonoscopy was performed and an obstructive intraluminal
lesion near the hepatic flexure was discovered. Right
colectomy was performed. The surgical specimen included
part of terminal ileum (8.5 cm in length), in following with
part of the colon (20.5 cm) and the appendix of 10.5 cm
length. Macroscopically, 6cm after the ileocecal valve, a
partially ulcerative neoplasia was noticed, whose extent over
the intestinal mucosa was 7cmXx5cm. Moreover, in histo-
logical sections of the described tumor, the image of an
ulcerative malignant neoplasia was macroscopically identi-
fied with characteristics of a low differentiated carcinoma.
The development pattern was formed by solid zones and
islets, separated by thin fibrovascular tissue, composed with
cells characterized by intensive nuclear and cellular atypia -
the spectrum of nuclei morphology ranged from multi-
formity to generation of "bizarre” multilobular or multi-
nuclear forms, accompanied with a satisfying number of
mitoses, and eosinophilic cytoplasm. Alcian blue, PAS and

dPAS stains did not demonstrate mucus production. The
immune-phenotype of the tumor was AE1/AE3:+; CK7.+
CK20:-; S100:-; LCA:-; Chromogranin:-; Synaptophysin:-
HMBA45:-. Despite the macroscopic characteristics of a
primary malignancy, the microscopic morphological,
histochemical and immunophenotypic features support the
diagnosis of metastatic disease rather than that of primary
disease. The histological findings of the two neoplasias -
renal and colon- were compared. In both cases, there were
common morphological features, of oncocytic type renal cell
cancer, with the only difference being the grade of diffe-
rentiation, as the one in the colon was poor (intensive atypia,
satisfying number of mitoses and necroses). In addition, the
immunophenotypic and histochemical features are more
compatible with renal malignancy, being simultaneously
incompatible with primary colorectal cancer. The tumor
invaded all layers of the intestinal wall, up to the pericolic fat.
The surgical (proximal, distal and lateral) margins and the 52
dissected lymph nodes were free of disease. In a recent
follow-up, the patient appears to be in good physical
condition without evidence of disease.

RESULTS

A comprehensive Medline search revealed only 11 reported
cases to date, of post-nephrectomy colonic metastasis from
renal cell cancer [12, 13, 14, 15-21] -in one case there was
also a simultaneous duodenal mass- while in other 2 cases
there was a synchronous metastatic disease in colon at the
diagnosis of the disease [22, 23] (Table 1).

DISCUSSION

Renal cell carcinoma is one of the most common ma-
lignancies of the genitourinary tract [24]. The biological
behavior of RCC is characteristically variable and the
prognosis is unpredictable [25]. The clinical course of the
disease ranges from months to several decades and even
spontaneous regression has been documented [26]. In
approximately one third of patients, distant metastases are
present at the time of initial diagnosis and in another third,
the tumor will recur even after nephrectomy with a curative
intent [27]. Renal cell carcinoma can disseminate locally by
contiguity and metastasize to distant sites. In addition, renal
carcinomas are noted for causing “late” metastases at un-
usual sites such as the skin, eyes and even tongue several
years after removal of the primary tumor. The delayed
occurrence (as late as 31 years after a nephrectomy) of
metastatic RCC is well known [12]. Solitary metachronous
metastases from RCC are rare; however, they can occur
very late in the course of the disease [28, 29]. Therefore,
careful long-term follow-up may be beneficial for patients
with a history of RCC even after undergoing a curative
nephrectomy [13, 14]. Renal cell carcinoma may meta-
stasize to almost every organ of the body, but 95% of the
metastatic lesions involve the lung, lymph nodes, liver, bone,
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Tahle 1.

A comprehensive Medline search revealed only 11 reported cases to date, of post-nephrectomy colonic metastasis from
renal cell cancer. The table makes a reference to patient gender; their age at the time of diagnosis; the kind of
nephrectomy (left or right); the first symptom that led to diagnosis; the time after nephrectomy: and the place of colon

that the metastatic disease appeared.

AUTHOR GENDER AGE NEPHRECTOMY SYMPTOM POST- SECTION

NEPHRECTOMY OF COLON

TIME

THOMASON Q 7 LEFT Abdominal pain 17 years Descending
RUIZ ) 73 LEFT Obstruction 11 years Transverse
TOKONABE ) 83 RIGHT Melena, abdominal mass 7 years Transverse
TARRERIAS 1st ) 62 LEFT Bleeding from rectum b years Sigmoid
TARRERIAS 2nd ) 72 LEFT Iron deficiency anemia 4 years Ascending
DIAZ ) 73 LEFT Hematochezia, Melena 8 years Sigmoid
UTSUNORIKA ) 47 LEFT Hematochezia 9 years Transverse
LEE ) 76 LEFT Dyspnea, Right costal margin pain 4 years Ascending
YETKIN ) 60 RIGHT Dyspnea, Right costal margin pain b years Hepatic flexure
VALDESPINO ) 60 Hematochezia 8 years Splenic flexure
JADAV Q 65 LEFT Acute abdominal pain, flatulence 9 years Transverse
ASIMAKOPOULOS ) b4 LEFT Abdominal pain 4 months Ascending

adrenal glands and the opposite kidney. With regard to the
gastrointestinal tract, metastasis is surprisingly uncommon
and is restricted to single case reports. Particularly, renal
cell cancer very rarely metastasizes to the colon. Surgical
excision of the local recurrence is the best procedure for
therapy, but this can be radical only when the recurrence
can be completely excised [12, 21, 30]. Chemotherapies,
including hormonal and interferon therapies, are effective in
some patients with metastatic renal cell carcinoma [25]. As
is mentioned above, a comprehensive Medline search
revealed only 11 reported cases to date, of post-
nephrectomy colonic metastasis from renal cell cancer [12,
13, 14, 15-21] -in one case there was also a simultaneous
duodenal mass- while in other 2 cases there was a
synchronous metastatic disease in the colon at disease
diagnosis [22, 23]. If the current case is included, then the
average age for the occurrence of the colonic metastasis
reaches 67 years old (range from 47 to 92 years), while the
average time post-nephrectomy is 7.3 years (range from 4
months to 17 years). In the majority of cases, it concerns
males (9 males: 3 females) that underwent a left radical
nephrectomy in the past (9 left: 2 right radical nephrecto-
mies, while 1 remained undefined by the authors). Further-
more, most renal cell carcinomas that involve the colon
result in large, solitary tumor masses with characteristic

morphology, that cause remarkable clinical presentation,
such as acute abdominal pain, palpable abdominal mass,
melena, hematochezia, flatulence, dyspnea and iron
deficiency anemia [12-23]. Nevertheless, we wish to draw
attention to one case of subtle intramucosal colonic
involvement resulting in multiple small colonic polyps,
which were clinically asymptomatic [31]. In every case the
metastatic tumor was surgically excluded. In contrast to all
cases reported so far, in this clinical case it is significant that
the intraluminal mass appeared only four months after the
radical nephrectomy. To conclude with, in patients with
personal history significant for renal cell cancer, the
occurrence of colon metastasis should always be excluded,
on presence of either clinical indication (such as abdominal
pain, melena, hematochezia, palpable mass, iron-deficiency
anemia etc.) or imaging findings in the colon (such as
intraluminal mass/tumor). As was mentioned before, to the
best of our knowledge, this case represents the first
incidence of early solitary colonic metastasis of renal cell
cancer, only 4 months after radical nephrectomy, presenting
in the way of abdominal pain.
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IYNONTIKH MEPIAHYH TON XAPAKTHPIZTIKON TOY POIONTOZ. 1. ONOMAXIA TOY OAPMAKEYTIKOY MPOTONTOE: YERVOY 5 mg/m nukvd idhupa yia napaokeur
SlaNpatog mpog éyyuon. 2. MOIOTIKH KAI MOZOTIKH LYNOEEH: Kabe ml mukvou Slahvparog mepiéxel 5 mg |p|||mumab ‘Eva gakidio Twv 10 ml nzpl{le 50 mg ipilimumab. Eva
@laNidio Twv 40 ml mepiéer 200 mg ipilimumab. To ipili b eivat éva mijpug avipa (TLA4 uat (IgG 1K) mov mapdyeta o KUTTapa woBNKWY Klvz(lkcu
KpIKITOY e 15xvo)\uvlu uvauwﬁuavuzvou DNA. 4. KAINIKE}I TMAHPOOOPIEE: 4.1 Ocpaneutikés evdeifelc: To YERVOV evbeikvutar yia T Bepaneia Tou

ongaia®, onmukn katamhngiof, pnviyyiuda, yaotpeviepitida, ekkomwpatitda, oupodoipwén, Aoipwén Tov avirtepou

(i
ae evnhikoug mou égouv ABet fepancia. 43 Y o o paotik) ousia iy o€ kdmoto a6 T
ékboya. 4.4 Elﬁmzc npozlbnnmrw:lc Kat npoquu{zn( Kavd t xpon: To YERVOY oxetiCerat pe pheypoviddeic avembupnTes avuidpdaeic mou mpokimrouv and augnpeévn i
EKTeTapévn op Opnteg avaibpdoei mou cuvbéovtat e To avogomounTike) kat mbavov oxetiCovrat pie To pnxavioud Spdarg Tou. AvemBopnTee
uvapuczl( Tiou auvﬁeovml ie©0 avouoncmnm ou unupa va eivat doBapéc i A una)\nnxs( yia Lo, eivatmBavé va uuunepﬂapﬁuvuuv VOGTPEVIEDIKE(, nmmkz(, Seppatikéc,
avudpdoelg JKav Katd Ty mepiodo
Enaywync éxel zmunc avagepBei exdihwon pives petd and Ty tekeutaia doon Tou YERVOY. Extdg av mpoaBiopiorel Bm:pupqu amohoyia, 5|appa|a 1) Quénuévn ougvoTTa
Kevioewy, To aijta ota kompava, ot uuéqoﬂ( LFT, 10 é€avbnpa Kain szquwannesm nipénet va BewpnBolv pheypovidelc kat va auvdéovat e 1o YERVOY. H mpiyn Sidyvwon katn
KatdMnhn Stayeipton eivat yia Ty ehay yia ™ (o emmokav. Xucnnpunxn auuvwvn uwn)uuv ﬂcuwv Kopﬂkumspoaémv e 1 Ywpic
emmmpoodetn avoookatactahtik Bepaneia lvat mbavé va ununneavm mw 1 00Bapiov 13 Edikéq yato
YERVOY kateuBuvtrpteg vpuunic Yia TV avreramon avemBupnTw avaidpdoewy mou awdtonal HE TO QVOoOTOUTIKG nsplvpuq)owal mapakdrw. [aotpevtepikéc avibpdaeic mou
ouvdéovtar yie To avooorotnkd: To YERVOY oxeriCerar pie aoBapéc yaotpevtepiké aviibpaatig mou auvdéovat e To avodomotnTiko. Bavatnpopa mepiatatika Adyw Sidtpnon tou
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mov uuvﬁeowm eTo 0 irav 8 eBSopdde (edpoc 5 éwg 13 epdopddec) and v apxi g Bepanciac. Me katevBuvirpies ypapyéc yia Ty
HeTo 1 (opiCerat we Bektiwon o€ fima [Babyuod 1] hiydtepo i ot coPapdnTa katd v évapén) eupavioTnKe oTiG MEPIOOGTEPEC
nzplmmozl( (90%) 0¢ Bidyieo0 ypovo ano mv skﬁn)\muq zm( T unoxwpnon 4 eBdoyddec (evpog 0, ﬁzmc 22 epbopadec). Or aoBeveic mpémet va mapakohouBoiveat yia yaotpeviepikd
onjeia kat oupMTGHaTa ov €vat mBavo va Gouv koNiTda oxen{opievn pe To 1} 8idtpnon Tov yaotpeviepikod owhiva. KTV kKAwikij eova eivar mbave va
oupmepthapBaverar didppota, auénuéun ouyvotTa eviepikay Kivioew, kothiako dhyog 1j anatoyeoia, pe i xwpic mupeto. Adppota 1y koNitida mov eppaviletat petd amo Ty évapén
Tov YERVOY mpénet va aglohoyeitat éykatpa yia Tov amokhetopd Motpadoug fj aMng evaMaktikri¢ armohoyiag. Ze kAwikéq Sokipéq, koNTiba oxetiopievn e To avooomomnTikd
GQUOYETIOTNKE e oTolyela pheypovr¢ Tou [i)\swovovnu ps 1) Ywpic eCENKATEI Kat AepgokuTTapik kat oudetepogiikr} SiBnon. Zuotdaeg yia v aviietamon g didppotag f Te
Kohimidag Baoi W Bapimta ey Tawopnon e fabpohdynang e paputntac katd NCICTCAE v3). AoBeveic e fmia éwg pétpia (BaByiod 112)
Sidppota (avénon éwg 6 Kevaoew, TV népa) i mﬂuvn)«)voupsvn fima éwg pétpla kohinda (m.x. kothakd dyog 1 aipa ota kompava), ivat mBavé va mapapeivouv ato YERVOY.
Suviotdrat ouprTaTiki Bepaneia (.. Aomepapidn, umokatdotaon uyp@v) Kat mpooekTiki mapakohouBian. Edv ta fma éwq péTpla GUNTTTOATA VTOTPOMIAGOLY 1} EMENVOLY Yia
57 nuépec, n mpoypappariopévn 6oon Tou YERVOY B mpéme va mapaheinetar kat 6a mpénet va Sexivijoel Bepaneia e Koptikootepoetdi (m.y. mpedviCoun 1 mg/kg ano to otopa dna
nuzpnmm( ] |006wauo) Eav nupoumuml unoypnn o¢ BaBiud 01 n EMOTPOQR 0TV svupEn, 70 YERVOY imopei va §avapyioet oty €ndpievn mpoypaypatiopévn d0on. Adoeig mou
Oevmpénetva B\éne mapaypao 4.2). To YERVOY mpénel va Slakoretat oplatikd o€ aoBeveic e doBapr} Bnﬂuou3
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] 4J Stdppota f kohitida BAzne nupavpatpo 4.2) ka1 mpémet va Eexwijoet apéowg upnhic oone evdophéBia Bepancia pie koptikoatepoetdiy. (Ze Khvikég Sokipiéc éxel
peBuhmpedvilohovn 2 mg/kg/npépa). Otav eNéyxetat n didppota kar dMa oupmtpara, 1 évapén Babjuaiag eiwong kat diakomi TwV KopTiKooTepoerdiv mpémet va Baoilera o
KNIk anogaon. Ze Khvikég dokipé, n tayeia faButaia peiwon kat Slaxom (oe Slaotipata < 1 prva) odrynoe oty umotpom T Sidppota f ¢ kohiTidag o opiopévoug aoBeveic.
Or aofleveig npéme va aéiohoyoivia: yia otoiea Bidtpnonc Tou yaotpevtepoi owiva  neprtovinidac. H epneipia and KhIKEC Sokipéc oxenikd pe TV aviuetimon didppoiag

avBEKTIKiC 0 KOpTKouTepoeLd f kohftdag v meptopopéun. Qodoo, evan Buvatév va b 1 mpooBikn TIapAyovTa 0T OY(jjia e
poeid. Z¢ Khvikéq Sokipéc, mpoatébne egdna Soan inflxi Smg/kg,moczavmavu évdeién. Mevmpéneiva infliximab d Noyeital Sidtpnon

00 Yaotpevtepikol owhiva i onyaupia (BAéme Ty Flspl)\nqm Xapaxmptotikev Tou Mpoiovtog yia to infliximab). nmom§lkomm ‘Tiou ouvéetat e o avogomotnTikd: To YERVOY
oxeriCerat pe ooBapr) natoto€ikoTTa oyeTLpEv) e To avogomourTike. Bavatrpopog naTIki) avendpkela éxel avagepBei o K)uwxe( Bomusc (Bhéme nupnvpuwo 48). Xz aoBeveic
iou éhapav povoBepaneia e YERVOY 3 mg/kg oty MDX01020, 0 xpdvog éwg v ekbiihwon pétpiag éug oopapric i (BaByuot 25i ||nu|ulugmu||“u\ 130
avooomoInTIk KupdvBike amd 3 éuw 9 edopadeq amd v évapén g Bepaneiag. Me kateuBuvrrpieq ypapyiéc yia Ty avr 0 0Xpovog éwg TV
unoy@pnan kupdvenke and 0,7 éwg 2 z[&ﬁouuésc 0 mumkzc Tpavoapvaoeg kat 1} yohepuBpivn npma va alodoyolvrat npw ano Kafe 6m7r| 00 YERVOY, kaBia mpowpeg
€pyaoTnplaké petaBohég pmopei va nnatinda Optevn) pie To TTiko (BNéne mapaypago 4.2). Au€ioeic oe LFT eivat mbavo va avarrtuyBodv
amouoia K\VIK@V oupmTwpdrav. Mpémet va adiohoyobvtat avéioeic g AST kat T ALT i g ohikiig YohepuBpiv mpog amokhetopd Momdv artiwy Kdkwon Tou fimatog,
oupmepthapBavopévay Moyiéewv, eGENENG TC VOTOU 1) YAPUAKEVTIKWY TPOIOVTWY Kal va nupuko)\oueouwm foqTy unoywpnon Toug. Bloyie rimatoc amo aoBeveic mou €iyav
nmatotogkdTTa oxeti{opevn e To avooomouTik, katédetéav arolyeia ofeiag pheypoviig i) ipa Kat pakpopaya). M aoBeveic e avnyévn AST 1} ALT oto
€0pog Twy > 5-< 8 x ULN 1} ohy xo)\zpueplvn 010 £0pog Twy > 3-< 5 x ULN mou mBavohoyeftat o1t a)(znlnm e 1o YERVOY, mpémet va napakeinetat  mpoypaypatiopévn doon tou
YERVOY kau mpénetva ol LFT éwq v Otav Bs}mmﬂouv T smnséu LFT (AST kat ALT < 5 x ULN kat o)um Xohepubpivn <3 X ULN), 0 YERVOY propei va
§avapyioel oy endjievn mp Goon. Aooeig mou mapalef Bpdoewv, ev mpénetva (BMéme mapdypago 4.2). Ma aoBeveic e
auéfioeig g AST i g ALT > 8 x ULN mov meavo)\oyznul ot oyetiCovtat pe 10 YERVOY n Bipanalu TI[JUIEI va SlakomTeTat UpIG'IlKﬂ (Bhéme napdypago 4.2) kat mpémet va Eekvigel
apéowg ovotnpatiki] evbogépia Bepaneia pe Koptikootepoeid qu)\nc oong (m.x. peBulmpedvilohown 2 mg/kg nuepnoiw 1} wodivapo). Ze autols Toug aoBeveic, mpénel va
Ovtat ot LFT éwq mv inon. Otav umoywpolv Ta ouumwuam kat opahoromBolv ot auéhoeig Twv LFT, n évapén Babjaiag peiwong kar Slakomig Twv
Kopm(omspoaéwv pénetva Bucnlﬂul oty KAk anoq)ucm H Babjuaia peiwon Kat Staxom mpémet va yivetat péoa oe didotnyia wu)\uxmov 1 piva. Avénoeg Twv LFTs katd m
BaBpaia peiwon kat 6lumnn €lval SuvaTov va avTIHETWMIOTODV e avénon m(éounc ToU KopTIKooTepoe1doU¢ kat padurepn Badptaia peiwon kat Slaxom. la aoBeveic pe anuavmzc
auéfoe; Twv LFT Tou €ivat avBekTikoi o€ ﬂzpumla 13 Kopnkomzpozléq, eival Suvardv va e€etaotei 1 mpoodrikn) evoc evaMakTikol uvooommm}mkau nupuvcvm 070 Oyljjia pe
. Ze K)\lVIK{((SDKI],lE(, f pogetihn o aoBevei wpic 0Kplor) o¢ Bepaneia pe 01} 1} ot avénon Tou
FT kad 1r|v ﬁuﬁumm Deiwon Kat Stakom) KOpTIKOOTEpOEleV Tiow Bev avtanokpvotav o€ abénon g 8oong Twv Kopnkompozlémv lB)\zns m ﬂEpI)\r]WI‘] XapaktnploTikay Tou
Mpoiovro yia T pukogawoNiki} popetitn). Apparikéc avemBlpntec aviibpdoeic mov ouvdéovrat yie To avooorotntiko: To YERVOY oxeriCerar jie ooBapéc deppatikéq avemBipnteg
avtidpdoeig mov mopei va ouvdéovtat e To avooomouTikd. Bavatngdpog Togikn emdeppiki} vexpohuon éxel avagepBei oe KAk dokipeg (BAéne mapdypapo 4.8). E¢avena kat
Kvnopoc enayopeva and YERVOY |1mv Kupimc fima i pétpia (BaSuoU 11 2) kat avianokpivovtav o¢ oupmwpaTikn Bepaneia. Le aoBeveic mou éhaBav povoBepaneia pe YERVOY 3 mg/
kg ouy MDX01020, 0 Bmuzoo; Xpovog éwg T ekdhwon pétplwv éwg ooBapv 1 Bavatgdpwy (Babjiol 25) Seppatikiv uv&mﬁuumwv uv‘népauemv ftav 3 eBbopade (s eupoc
0,9 £ 16 dopddec) amo mv zvupin m Bepaneiag. Me ediké yia To npwidkoMo KalzuBuvmpl{c vpauuz( Yia Ty aviy prion ot
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TepITTOElC (87%), o€ Gidpieao xpovo and my ekdnAwon éwg w unoxwpnun 5 Ebﬁouuézc €0pog 0,6 £ 29 eBbopddec). EEavSnuu Kal kv\opog Enuvcuevu and YERVOY npénet va
avtipetwmilera pe Baon m ooBapotnra. AoBevei e pia fima éw pétpia (Babpiod 1 g 2) Sepparikr) avemBuynT avridpaon pmopolv va napapeivouy ot Bepaneia pe YERVOY pe
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QVOOOMOITIKO. Ouvamtpnpo wv&pouc Guillain-Barré éyel avagepBei o kKhwvikég Sokiyiéq (B)\zm mapaypago 4.8). Exou emiong avuq){peﬂ uuurnwumu ouola(ov‘m e puaoBéveia
qravis. Ot aoBeveic pmopei va napnumuoovv ik} aduvapia. Mmopei ukoun va aluemlkn d Ave{nvnm Klvnm(n Juikn aduvapia A awbnkg
veupondBeta mou Bmpksl > 4 npépeg YlpETlEl va {ral kat Ba mpémet va \ 8 aitia, omuwg e§ENEN ™ vooou, hoaéerg, MET(]BDMKG bvdpopa Kat
(apHaKEVTIKA npotovm o aoBevei pe unplu (Baeucu ) vaowuezla (KK pe 1) xwpic aloﬁnnm) mou mBavév oyetiCetar pe To YERVOY, 6a npzna va mapaheimetat

v Ta v évapén, 0 aoBeviic pmopei va Eavapyioet © YERVOY omy enopiev npovpuuumwu{vn 60on. Adoeig mou
mpu)\smovml \oyw pag avemeuunm( avtiopaon dev mpémetva i (BAéme 4.2).To YERVOY mpéner Beveic e ooPapry (Buﬂuou3
114) aoBniki} veupondBeia mou mbavohoyeirar 6t ouvdéeta e To YERVOY (Bhéne nupa\/pawo 4.2). OraoBeveic mpéme va avnunwm(ovml ouwwva peTi KﬂT{UGUVIr]plE( vpuuux(

0EOOK évamou aut Ull
& Avagépovtat o pooQaTES HENETEQ EKTOg
MpdoBetec avemBopnTes evépyeteg mou Sev avagépovtar otov Mivaka 2 s)(ouv avutpzszl 3 uuesva( miov éhaav dhheg 800l (efte < > 3 mg/kg) YERVOY o€ khwikéc dokipiéq
pehavapatoc. Autég ot mpéoBete avtidpdaeic mapouatdotnkav oheg oe auyvotTa < 1%: unvtwmuoq, Jwokapbitida, Kapélouuunuezlu autodvoon natitda, Tohdopgo epubnyia,
autodvoon vegpinida, oupmidpata ouma(owu e uuuaesvzla gravis, autodvoon fic avendpkela Tou pAotol T emvegpidiny,
1padup 0 p Bhegap oiénua Tou oq)ﬂa)\uou UK)\npmﬁa KpOqu)lKl] upmpmﬁa Qawopevo Raynaud mpwktitida, olvdpoyio

] \oiac, Yuwpiaon, ayatoupia, mpurteivoupia, etwpén BupeoBotpdriog oppovn aipatog, pewpéw yovabotpopivn aijatog, pewpén Bupociv,

i pehém Odong 3, Ty MDX01020

l\vpl\ll\ TV Efmelp
\

Tou (6pUpatog yla mv 5luxapr|ur| aofnTikig vsueponuezlag KO PEMEI val §EKIV00UV apéow Evbnq:)\zlim Bepaneia e kop

P! 9/kg/nuepa).

Deukomevia kat noAUKlmapmum epiypaqi emheyjiévioy avemBONTLV evepyelav: Me e€aipean Tig mepuTTeg 0TIG ortoieg emonpaveTal, Ta Sedopiéva yia Tig MapaKdTw emheypéveg

Mpoodeurikd onpddia kwnTikig vzupunaeau( fa HpEYlEl va Bewpeitai ot oyetiloviat pe
o¢ aoBeveic e oopapr) (Babpiod 3 r|4) KTk f umokovla: (BNéne mapa 4 2). Evéokplvonaeﬂu Tou| UVGEETA € TO AVOTOMOINTIKO: To YERVOY pmopei
va PoKahéoel GAeypovI} Twy 0pydvev Tou PIVIKOU 0UOTIaTOG, i uvznapKau Kat 0 kat ot aoBeveic
Jimopei va mapouaidoouv in) €81kd oupmTHata, Ta onoia pmopei va poidouy e A\a aitia, omwg Petdotaon oTov eyképalo 1} umokeipievn vooo. ETn ouyvatepn KAWIKI) €lkova
oupmepapBdverar n kepahahyia kat n Kdnmvn 10 oupITRHaTa unopz[ va auun{pl)\uu[!dvowm eMkeippiata Tou omtikol mediou, aMayég TG oupmepipopds, Slatapayéc Twv
n)\mpu)\um)v Kat unotaon. Emveqpidiak kpion wg amo Twv oupmTpdTwY Tou aoBevolc mpémetva anokheietat. H khwik eunzlplu pe Evﬁqulvanuﬂslu oxet{opewn e To YERVOY

oy TcYERVUan{nﬂva

evépyetec paoiCovtal o aoBeveic mou {)\aBav uovoﬂepanalu peYERVOY3 mg/kg (n=131)RYERVOY3 mg/kg 0t auvéuuuuo Jegp100 (n=380) oe Ha jehém tI)uonc}wu
iy ! (MDX01020, Bhéne mapdypago 5.1). Ot PIEC YPAUYIEC Y10 TV VTIHETAMION QUTAV TwV. iy
EVEPYELY TEPIypAgOVTaL o1r|v nupuvpuwo 44. Fump{v‘uplk{c avtidpdaeig mov ouvdéovTat ie To uvouonmnnko To YERVOY oyetiCetat pe doBapé Vﬂc‘lp{v‘lEle{( avudpdoeig mou
ouvdéovTat ie 10 @ hoyw didrpnon Tou yaotpevtepikod owhiva égouv avagepBei e < 1% Twv aoBevav mou EhaBav YERVOY 3 mg/kg 3
ouvduaoyo e gpr Tmy ouaéa e uovoﬂ{pumla e YERVOY 3 mg/kg, uvatpzpﬂnke didppota kat kohimida onomoénnou BapuTnac oto 27% kat 1o 8% avriotoiya. H uuxvo‘mm
0oBapiig (BaBuou 3 4) Gidppota kat oopapric (Babpov 3 1 4) kohitidag fyrav 5% yia o kabéva. O dideong xpovog éwg Ty xkén)\wun goapwv 1} Bavanpopwv (Baeuou 3éuwcS)

eval é haaueevzlgnnus)\upuv YERVOY 3 mg/kg amnv MDX01020, 0 xpdvo éwg Ty ekBijh 3 H-\t 0 ooBapr (BaSuouZ4i

YaoTpevtep 1 mov uuvﬁ{ov‘ml 130} uvoaonotnnko r|mv 8 {Béouaéz( lfupocS 0 13 eBdopddec) and upxn mwe Gapamla( Me kateuBuvtipieg vpauuz( yiamy

oyendGpeung e To avoooronik Kvuavenkz and 7 éuc nepino 20 epbopddec a T évapén g Bepanelac. Evdoxp B
o€ KAWiKég dokipiéc, frav Vevqu i Bpaneia kat Bep opuovwv Edv uuuw\uu fmote onpieia
oBapi} aguddtwan, undtacn i katamngia, Guviotdtar dpean xopriynon evioghép € o) f) 6pdon kat 0 aoBeviig Ba mpémet va atohoynbei yia

fig kpiong, cmu(

1 m puuulu 16 (90%), e tdpieao xpovo amo Ty ekdrhwon éwg Ty umoywpnon (opiletal
[0 BE}mwun o fima [Baﬂuou 1] 1) hiydrepo fj o coBapomTa Katd mv Evap{n) 4 eBbopddec (opog 0,6 & g 22 epopadec). Ze KAMKE( SoKug 1 kohiida mov ouvdéerat pe To

TV napousia ongaupias 1 Aotaewv. Eav unapxcuv onpeia emvegpidiakig avznupmac, ado naﬂsvn( ey Bpwxzrml i3 zmvzqulélam Kpio, mpénel va €etaotoiy mepartép

TAPAKNVIKEG €€ETAOEIC ong omoie¢ 1 agiohéynon &p Kat ehéyyov. H u{mhcvnan v amrz)\wumwv TWV EPYAOTNPIAKGY ENEYKWY Yia
Ty éheyyo e Nermoupyiag mpémetva taimpw and T évapén Bepaneiag pe Edvou i éheyo1 TG umdpuong  epyaoTrpiaxoi
Eheyxormg (¢ Netroupyiag eivat pn i, auvitatar Bpayy oxrua Bepaneiag pe vpnéc Sooei koptikooTepoEIdQY (. Esiapzﬂu(dvn 4mg av 6 Gpeg 1} (ooSivapo)

WOTE Va avTIeTwmoTel N pheypovr Tou adévakatn 6o ou YERVOY Ba mpémet va napaketgBei (héme napdypago 4.2). Avti m oniyp eivat
ayvworo €dv 1) Bepaneia e kopTikooTepoetdiy avaotpéper v adeviki) Suokermoupyia. Ba mpémel emiong va Sexwioel KmaMn)\n unoxammon oppova. Eivat mBavd va eivat
amapaitT Jakpoxpovia Bepaneia pie urokatdotaon oppoviv. Otav TeBoly umd Ekeyyo Ta OpaT ot i Iplakéq TIpég ka eivat ppaviic 1 Pektiwon Tou
aoBevou ouvoNikd, pmopei va ouveyiotei n Bepaneia e YERVOY kat n évapén e Badpuaiag peiwang kat Stakomig twv Kopnmcnzpoaﬁwv Tipénet va pacilerat oy K).wu(n anéoaon.
H Babyuaia peiwon kat Stakom mpénet va yivetar péoa o€ didotnya Toukdyotov 1 piva. AMec avemBupnte avudpdoeic mov ouvdéoval e To avooomoutiké: Ot mapadte
avemBipnTes avndpdoelg mou mbavohoyeitat Tt ouvovtat e To avooomouTikd, éyouv avagepBei oe aoBeveic mou éhaav povoBepaneia pe YERVOY 3 mg/kg oty MDX01020:
payoelditiéa, nwawogihia, avgnon Amdong kat ometpapatoveppitiba. EmmpooBétuc, ipinda, ayohutikd avaia, uu{nusl( apuhdong, no)\vopvavu(n uvsnapma Kat Tveupovinida
s)(cuv (lvﬂq)ipeil o€ uuezvac Tiou éhaBav memtidiko eBohio pe YERVOY 3 mg/kg + gpmo oty MDX01020 (Bhé 4.8). Avotavri (BaBuou 30 n 4)evat
a1 e ugnhéc Sooeig 7o YERVOY (Bhén 4.2).Tia payoerdiuda, ipimba 13
0 YERVOY, 6a npam va €€endlenaun xprion TomKaY Kop oty ot popery o @Bk otayovey omuwg evbelkvutat latpikd. Etdikoi muBnapioi: AoBeveic e opBaliko
pehdvwpa, mpwronadéc pehdvwpia Tou KN Kat evepyéc petaotdoeig Tou eykegpdhou dev oupmeptehioBnoav oty mhotik kKhwiki} Sokii (Aéme mapdypago 5.1). Avtidpaon oty
£yyuon: Ymipxav j avagopéc ooBapav avtidpdoewv ot éyyuon o€ kAWK Sokipéc. Ze mepimwon doPaprg avtidpaong oty éyxuan, 1 éyxuon YERVOY mpénet va
Slakomtetatkatva xnpnvsnm kardnhn tpiki Bepaneio. AoBeveic e fima f étpia avtidpaon ot éyyuon, umopodv va AéBouy YERVOY e rpooekuki napakohodbion. Mnopeiva
MgBei umoyn n mp | QywyH {e QVTIMUPETIKG Kat ik AoBeveic e autodvoon vooo: AoBeveic e 10Topixd autadvoanc vooov (eKtc ano hedkn Kal emapKisg
eheyxopen avmapksm svém(pwn(, omug 6¢), 6V VTV Y1 TouC omoloug amartrat panciayiampoi
£vepy0 autodvoon vogo f yla dlatripnon 0 perd and opyavou, dev yiiBnKav o€ Khwikéc 5UKI|JE( To ipilimumab eivat EVIUXUTI]( Twv Tkuttdpwv mou
KaBuotd Suvat T avooohoyiki) avtamokplon (BNéne mapdypago 5.1) kat eivat mBav va mapépPet atrv avoookataotaktiki Bepaneia, yeyovdg mou odnyei oe mapo§uod TG
unokeljevn véoou ) auénuévo KivBuvo andppiynG Tou pooedparoc. To YERVOY mpénet va amogeyetar oe aodevelc e oofapr evepyd autodvoon V600, O MEPITIGOELC 0T Ooleg
TEPAITEW fvat Gpeoa fyta {wi kat {at e mpodoy o€ ANoug aoBevei e 10T0pIKG auTodvoanG Voo, et

ano ﬂpDUiKIlKr] z{naur] Tou evdeopevou kivivou-ogéloug o atopukii Pdan. AoBeveic mou akohouBouv Siarra pe eNeyyopevn meplextikoTTa o vdtpio. Kdde ml autol Tou
Qappakeuttkod mpoidvrog meptéyet 0,1 mmol (7} 2,30 mg) vatpiou. Oa mpémet va hayBdverar umoyn katd Ty Bepaneia aoBevv mov akohouBody Siarta e eheyyGpevn meptexTkoTTa
oe vatplo. 4.8 AvemBupnteg evépyeiec: NMepiknyn Tou mpowik aopdhetac: To YERVOY éyet yopnynBei oe > 3.000 aoBeveic oe va khivikd mpoypaypa To omofo agloAoynoe
Xprion Tou e Sidpopeg doeic kat Timoug Gykwv. Extoc edv opicetar Slagopetikd, Ta SeSopéva mapakdtw amotumavouy v éBeon o YERVOY ata 3 mg/kg oe Khvikéq SoKipég
pehavapatoc. T pehém Odon 3 MDX01020, (BAéme mapdypago 5.1), ot aoBeveic Ehapav éva didpeoo 4 dooewv (evpog 14). To YERVOY ayetiZetar mohd ouyva pe avemBipnTe
EVEPYELEC MoV TpOKUTTOUV amd auénpévn 1 evtetapéwn Spdon Tou avodomotnTiko. Ot epIOOGTEPEC Ao auTE, oTig omoieg upmepihapidvovrat doBapéc avtidpdoec, umoywpnoav
petd and v évapén katdMnhng latpikrig Bepaneiag 1y ) Stakom] Tov YERVOY (BMéme mapdypago 4.4 yia T avtipermon avemBupnTwy avtipdogwv mou ouvdéovTat e To
avoooroutiko). Ze aoBevei¢ nov éhapav povoBepaneia pe YERVOY 3 mg/kg oty MDX01020, ot avemBopnteg evépyeteg mou avagépBnkav ouyvorepa (= 10% Twv aoBeva), fav
Sidappota, e€avBnua, kvopdc, komwon, vautia, épetog, Helwpévn opecn kat kothiako ahyog. Ty mhetovotntd Toug fitav fimeg wg pétptec (Babyiod 11 2). H Bepaneia pe YERVOY
SlakomnKe Aoyw avembupnTwy evepyetav oto 10% Twv aoBeviov. Katdhoyog avemBupntwy evepyelv oe mivaka: AvembupnTeC evépyetec mou avagépBnkav o aoBeveic pe
Tpoywpnévo eNdvayia, ot oroiot éhaav YERVOY 3 mg/kg oe khwikéc dokipiéc (n = 767), mapovatdlovtat otov fMivaka 2. Autéc ot aviibpdoeic mapovoidloviat avd katnyopia
UOTIHaTOC OpyAVWY O0ppwVa e TV ouxvoTnTa. H ouyvomnta opiletat we e€fi: mohd auyvéc (= 1/10), ouyvéc (= 1/100 wg < 1/10), ot auyvég (= 1/1.000 éw < 1/100), omdvieg,
(=1/10.000 éw¢ < 1/1.000), no)\u ondvie (< 1/10 000). Evrdg kdfe Kumvoplu( ouyvoTITaG EpAviong, ot avemBupnTeC evépyele eppaviCovtar katd gBivouoa oeipd doBapdttac.
Tanocootd 6 HLAA2*0201 Betikoi¢ aoBeveic ot omoiot éhaav YERVOY ot MDX01020, firav mapopota e eeiva mou
Tnapampibnkav oto ) KMVIKG npoypauuu aUVONIKd.

IKe e arotyeia @heypoviic Tou BAewvoydvou, e 1 Xwpic eEENKAOEIC Ka epig f Kat po@iNikr} StiBnon. 110 M0V OUVOEETal e TO
ﬂVOGOI'lOlr]TlKO To YERVOY oyetiCetat e doBapi} nmatoto€ikdTnTa mou ouvAéeTat jie T avooomomnTIko. Oavumtpopoc NaTKA avendpKeia éyel avagepbe oe < 19 Tav aoBeviy ow
£haPav povoBepancia pe YERVOY 3 mg/kg. Augiioerc e AST kai ¢ ALT onotaodrmote Bapitnag avagépBikav oo 1% kai T 2% Twv aoBevav avriotoiya. Aev umipxav avagopé
ooBapric (BaBuov 3 1} 4) avénong e AST A g ALT. 0 ypdvoc éwg Ty ekbihwon pétplag éwc oopapr¢ i 1popov (BaByiob 2 éwg 5) 1y 6TnTag mov ouvdetat e 1
avooomolnTIko KupdvBnke amd 3 éwg 9 eojdadec amd v apyr} g Bepaneiac. Me KateuBuvtrptec ypapyiéc yia mv avrietamion oxeT{ojieves jie To Mpwtokohho, 0 Xpovog éwg Ty
unoypnon kupavene amo 0,7 éw 2 edopiddec. Ze Khvikég dokipiéc, Blowies fimatog and aoBeveic mov eiyav 1y 6nTa ogeti{opevn pe KO, Elpavioav aTolyeia
o€eiag pheypovric (oudetepogiha, Nepipokirapa Kat pakpogdya). Aepatikéc avemBijnTes avridpdoeig mov auvdéovtal jie To avooomomikd. To YERVOY oxerilerat pe ooPapéc
Seppatikég avemBupnTe avaidpdoel mou unopal’ Va GUVOEOVTaL fiE TO avosomoInTIK. Oavanpopog ToSki) emeppitki] vekpohuon éyel uvacpzpﬂa[ 0¢ < 1% Twv aoBevav mov éhapav
YERVOY o¢ uvduaapo pe gp100 (BNéne nupmyputpo 5). va opdbda e uovoﬂspunzm Jie YERVOY 3 mg/kg, avagépbnke eSavenya Kal er]ouoc 6mtyopznknc Bapumm(, 0 kaBéva
010 27% Twv aoBeviv. E§avnua kat Kvncuoc znavouzvo ano YERVOY fitav KUpI(uJ( fima (Babyiot 1) A pévpia (Babjiod 2) jar Bepartei. 0 81dyieoog
Xpovog éwg v ekdwon pétplay €wg ooPapwv i Bavatgdpuy (Buﬂuov 2 &g 5) Seppatikav avemBopnTwV u\rnbpauzmv mav 3 zﬁéouaéz( ano my apyy m Bepaneiag
(e0pog 0,9 éuwg 16 z[&éouabz( ). Me szueuwnplacvpuuuz; Yla TV QVTETmon ogeT{opeveq jewo 0 unoxwpnun [u(e 0 TIEPUTTLIOEL (87%)

e Bidyteao xpdvo amo m ekbrhwon wg T unoy@pnon 5 epdopades (eipog 0,6 éwg 29 epdopddec). N 0 aviibpdoei B¢ 0.To
YERVOY oxeriCerat pe doBapéc veupohoyikég avtidpdatic mou ouvdéovat e 6po abvdpopo Guillain-Barré & (pepBei o€ < 1%1wv aoBevav mou éhaPav
YERVOY 3 mg/kg ¢ auvbuaopo e gp100. Zupmiopara optotdlovia e puaoBévela gravis éyouv emiong avagepBei oe < 1% Twv aoBevav Tou £€\aPav uyn)drepec Sooei YERVOY ot
Khwikég Sokipiéc. Evbokpvondbeia Tou ouvdéovTat jie To (WOUO"OlnTlKO va opdda [ uovoezpanzm e YERVOY 3 mg/kg, umoi fimote Baplmrac avagé

070 4% Twv aoBevav. B uvanupx{lu Bapumrag 70 kabéva oto 2% Twv aoBeviv. H uuxvo‘rnm
00Bapod (BaBpov 3 1} 4) umoimoguaiapol uvaozpﬂnks 010 3% TV uuesvmv Dev umipyav avagopég uuBupnc 1) mohu gopapri¢ (BaBpou 3 i 4) emvegpIdlakiic avemdpkelag,
uwzpﬂupiouéwuou ] vnoeupfouéwuou 0 xpovc( £wq TV exdihwon uapm( £0g no}\u gopapric (BaBpod 2 & éug 4 0 peTo pvondBetag kupavenke
ano 7 éug n{pmou 20 eBdopadec amo v apy1 m Oepaneiag. b pe 0 Tou 0€ KNVIKEG GOKIEC, fTav: vsvmw( z)\evxnusvn 13
Bepaneia oppovay. AMeg avuibpdoei béovra e o 0. 01 mapakdtw aviibpdoeic mou on auvésowul

i€ T0 avogonounTiko, éxouv avagepBei e < 2% Twv aoBevav mou éhaBav povoBepania e YERVOY 3 mg/kg: JwawvogiNia, abénon Amdong kat

EmmpooBétu, tpinida, ayohutik avaipia, auérioeig apuhdory, mouopyavikij avendpkela kat mveupiovinda éxouv avagepBei oe aoBeveic mo éhaav YERVOY 3 mg/kg og ouvduaoyio
e memudikd ufokio gp100. YERVOY 5 mg/ml mukvo Sidupia yia napaokeur| Siadpatog mpog éyxuon — Zuokevaoia: 1 rakidio (yudhivo) x 10 ml e evetktiki Noookopetak Ty
3.887,16€, ka evberrikr} XovSpkr} Ty Tipr 4.468,00 €. YERVOY 5 mg/ml muvo Sidhupia yia napaokeur} Sahdpatog mpog éyxuon — Zuokevaoia: 1 Owahidio (yudhwo) x 40 ml pe
evbewukr) Noookopetakr Tipr 15.548,65 €, kar evdetktiki) Xovdpukn i Ty 17.872,01 €.

BonOrjote va yivouv 6Aa ta @dppaka mo ac@ali: I v “KITPINH KAPTA”
Avagépate: OAEE Tig avemBGpnTeg evépyeteg yia ta NEA OAPMAKA NI
Tic ZOBAPEX avemBupntec vépyetec yia a INQETA OAPMAKA

&5 Bristol-Myers Squibb

Bristol-Myers Squibb A.E. Attikri¢ 49-53 & Mpomovtidog 2, T.K. 152 35 BpiNjoata, Atrik. TO 63883 - Bpijoata T.K. 152 03, Attikj.
Tnh. 2106074300 & 210 6074400, 0a€ 210 6074333. APM.A.E. 62772/01AT/B/07/148



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

NMPOOAOX THX ENIXETHMHZX
2TO METAXTATIKO MEAANQMA

H dUvaun tovu
QVOOOTIOINTIKOU
OLOTNUATOC

H ommoudaiotnta tng
MTAPATETAEVNC
emiPiwong

« YERVOY™: O mpwTto¢ EYKEKPIMEVOG TTAPAYOVTAG TTOU TTIAPATEIVEL ONUAVTIKA T GUVOAIKN emPBiwon o aoBeveiq
HE TIPOXWPENHEVO HENAVWHA*?
« YERVOY™: Mia véa Bepareia evioxuong Twv T-KUTTAPWV TTOU EVEPYOTIOLE( TO AVOCGOTIOINTIKO GUCTNUA WOTE
AUTO VA KATAOTPEPEL TOUG KAPKIVIKOUG OYKOUG.!

MNa onpavtikég mMAnpo@opisg acpdalsiag,
avatpééte otnv MNepiAnyPn Xapaktnpiotikwv Mpoidvrog tov YERVOY™

© 2011 Bristol-Myers Squibb. Me emguia&n mavtdg Sikawpatog.  GRIP-KO001 02/12 731GRT1PM010
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YERVOY.*

%Z% Bristol-Myers Squibb (i pll!Tlen?a?)

Siahpatog mpog éyxuon
*Y¢ i Tuyaiomounpévn, ekeyxopevn dokip gdong 3.
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