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MOIOTIKH KAI MOZOTIKH ZYNOEZH: Kabe emkaAuppévo pe Aemrd upévio di-
akio mepiéxer povoidpik Aamamvipm ditosylate, Tou iooduvapei pe 250 mg Aamari-
vipmg. ©EPATNEYTIKEX ENAEIZEIZ: To Tyverb, o€ auvduaoud pe kamearapivn, ev-
OeikvuTal yio T Bepameia aoBeviv pe TIPOXWPNUEVO F PETAOTATIKO KAPKIVO TOU ja-
0700, TwV oTroiwv o1 bykol uTepek@patouv To ErbB2 (HER2). O aoBeveig mpémel va
£xouv TpoioUoa vooo katdmiv TrponyoUpevng Bepameiag Tou TepiEAduBave avBpa-
KUKAiveg kar Tagdveg kar Bepameia pe Tpa0TOU(OUNGHTIN OTN PETAOTATIKA (AoN. o€
0UVOUaopG pe Eva aVOOTOAEX APWHATACNG VIO HETEUHNVOTIQUTIAKES YUVAIKEG HE ME-
Ta0TaTIK) VOO BETIKT) € 0pHOVIKS UTIOBOXEX, Of OTIOIEG ETT TOU TIAPOVTOG dEV TTPOO-
picovral yia xnpeioBepaeia. Or aoBeveig otn peAéTn Eykpiang Oev eixav mponyoup-
Vg AdBel paaTouloupdun f éva avacToAéa apwpatdong (BAEme mapdypago 5.1).
ANTENAEIZEIZ: YmepeuaioBnaia otn dpacTiki ouaia f o€ KATToI0 amd Ta EKOx(

MapakaAeioTe va avatpéSere aTig Guviayoypaqikég TANPOPopies TG Kamearapiv:

Yia OXETIKEG avTevDEeiteIs kar yia TAnpogopieg ao@aAeiag 6tav xopnyeitar AammamvipTn
o€ ouvduaopé pe Kameormapivn. EidikEg mpoedoToioelg kai Tpo@uAdgelg katd
0 xpfion: H Aamamvipmm éxel oxemioTei pe avapopés yia peiwon Tou kAGopaTog
e§wbnong apioteprig koihiag (LVEF) (BAéme mapdypago 4.8). Egiotdrar mpoooxn
G6TaV TTPOKEITal var XopnynBei AaramviuTn o€ aoBeveig e voaoug Tou Ba pmmopoloav
va TpokaAéoouv e§aoBévnon g Aemoupyiag Tng apiateprg koiag. To LVEF
mipémel va alohoyeitar o OAeg T aoBeveic Tpiv amd Tnv évapén Tng Bepareiag
Ve Aamamviumn Tpokeipévou va diaogaNioTei 61 10 apxikd LVEF Tng aoBevoug
Bpiokerar evidg Twv puatoAoyikwy opiwv Tou IdpUpatog. H agioAdynon Tou LVEF
TIpETTE Vo OUVEXiZeTal katd T didpkela TG Bepareiag [e AATTATIVIUTIN TPOKEINEVOU
va dlaoahicerar ot To LVEF dev peliveral o€ pn amodekTo emimedo. H AammamvipTn
€€l OXETIOTEN pE aVaQOPES TIVEUPOVIKNG TogIkdTTaG TepiAapBavopévng T didpeang
TIveupovoraBeiag kai Tng Tveupoviidag. Or aoBeveig mpémel va TrapakoAouBodvral
yia Tuydv oupTITwyaTa Tveupovikig Togikétrag. Me T xprion AamamvipTing éxel
£p@avioBei nmatoTo§IKATTA KAl O€ OTIGVIEG TTEPITITWOEIG UTTOpEi va €ival Bavatnedpa.
H nmamk Aemoupyia (tpavoauivaoeg, xohepuBpivn kai aAkahikg @wogardon)
Ba mpémel va TapakohouBeital TpIv v évapén Tng Bepameiag Kai 0T GUVEXEID
KGBe prva, f 6mwg evdeikvutal kKAivikd. H docooyia Tng Aamamvipmng Ba mpémel
va dlakomTeral edv o petaBoAég g nmaTikrg Aemoupyiag eivar coBapég kar dev
TIpETIEI var EMavayopnyeital aToug aoBeveig. Zuviotarar mpoooxr edv n AamramvipTn
guvTayoypageital ¢ aoBeveic pe pérpia fj coBapr nmatikr duoAeimoupyia. Zuviotaral
Tipoooyr €dv n Aamamvipmn cuviayoypageital o€ aoBeveic pe goapr VEGPIKR
Suoheroupyia. Katd m Oidipkeia g Bepameiag pe Aamamvipmm €xouv ava@epBei
TepiaTanikd didappoiag, aupmepihapBavopévng g aoBaprg didppoiag. H mpoAnTTikr
avTiperwmon g didppolag pe avridiappoikd @appaka eivar onuavrikd. Mo 1a
coBapd TepioTaTKd didppolag pTope va aTraimBei ) xopriynon aTo Tou 6TépaTog f
£vOOPAEBiwg nAekTPOAUTWY Ka uypuv, kaBug kai n Tpoowpiv 1y ) opiaTikr diakoTm
NG Bepameiag pe Aamamvigmm. H mapdMnAn Bepameia pe emaywyeig Tou CYP3A4

Néa 'Evéeién
Ogparmeia MPWTNG YPAUUAG

Néa emloyn o Ogpameia
TPROTNG YPAPPAS YI

TO peTtaoTaTiko HR+/ErbB2+
KOPKiVO TOU HAGTOU

lapatinib

AvaoTéAAOVTAG TOUG UTTOS0YEIG ECWTEPIKG

TIpETE va amogelyeral Adyw Tou KivOUvou peiwpévng ékBeang otn Aamamvipm. H
TiapdMAnAn Bepaeia pe 1axupolg avaaToheig Tou CYP3A4 pémel va amogelyeTal
Myw Tou Kivdlvou au§npévng éxkBeang o Aamamvipmm. H katavéAwon xupod
YKPEITT QPOUT TIPETTEI Va AMTOEUYETaI KATA T dIGipKela TG Bepareiag pe AaTramvipTn.
H ouyyopriynon Aamomviummng Kai QOPUAKEUTIKWY TIPOIOVIWY LE TIEPIOPIOUEVD
Bepameutikd Upog Tou eivar umooTpwpara Tou CYP3A4 i CYP2C8 mpémel va
amopedyeral. H Tautéypovn xopriynon pe ouaieg Tou augdvouv To yaotpikd pH
TIpéMEl va amo@elyeTal, kaBuwg n OlaAUTOTNTA Kai 1) aTroppoPnan TG AaTamviumng
propei va peiwBolv. AvemBiunteg evépyeieg: H aopdAeia g Aamamvipming
aglohoyrBnke o€ oxrpa povoBepameiag f auvduacpol pe MG XnueloBepaTeie yia
didpopoug TiTIouG Kapkivou, TepAapBavopévwy aoBeviv Tou EAaBav AaTramivipTn
o¢ ouvduaopd pe kameomaBivn. O mAéov ouxvég avemBupnTeg avmidpdoelg
(>25%) kard T didipkela TG Bepameiag pe AaTramvipTn ouv kameartapivn frav amo
YoaTpevTEPIKES (Bidppola, vauTia kai €petog) A Sepuatooyikés (maAapo-TreAaiaia
epubpoduoaiobnoia [PPE] kai e§dvnua). H emimwon PPE Atav mapépoia oto
okéAog Beparreiag Tng Aammamviping ouv kameaitaBivn kai aTo okéAog povoBepareiag
pe kameomaBivn. H didppoia Arav n ouvnBéoTepn avemBipnm avtidpaon Tmou
odrynae o€ dlakomr TG Bepameiag Kai n emimTwar Mg frav mapdyoia ot G0
opadeg Bepareiag (Aarramvipmn ouv: kameamaBivn: 5%, kameamapivn: 3%). Ma
mv Tagvounon Twv avemBupnTwy evepyeibv avaoya pe T ouXVOTTG TOUG,
xpnoiporronnke n akéAoubn ouverikn: oAU auxvég (1/10), ouyveg (1/100 éwg
<1/10), 6x1 ouyvég (1/1.000 éwg <1/100), omavieg (1/10.000 éwg <1/1.000) kai
oA omavieg (<1/10.000), pn yvwoTég (dev pmopolv va ektiunBolv pe Bdon Ta
SloBéoipa dedopéva). Eviog kaBE katnyopiag auxvomTag EPQAviong, ol avempupnTeg
evépyeieg  TapariBevial katd  @Bivouca oeipd  coPapdmrag. O TapakATw
avemBounTeg avmidpdoeig Exel avagepBei om oxerilovial pe T Aamamvipmin:
Kapdiakég diarapaxég — Zuxvés: Mewpévo kAdopa e¢wbnong apioTeprig koiiag,
dloTapayég Tou aVATIVEUOTIKOU GUGTAHATOG, Tou Buwpaka Kal Tou pecoBwpakiou.
Oy1 auyvég: Aidpeon TrveupovotrdBela/mveupovimida. Alatapayég Tou YaoTpevTepIKod
ouoTrAparog — oAU ouyvég: AiGppoia, ToU uTTopei va TTpokaAéoel aguddtwon,
vautia, éuetog. Alatapayég Tou Gépuarog Kai Tou urodépiou 10100 — MoAU ouyvégs:
E¢avenpa (oupmepiapBavopévng deppatindag opoialoucag pe akur). Alarapayés
Tou peTaBohiopol kai Tng Bpéyng — MoAU ouxvég: Avopegia. evikég diatapayég
Kal KaraoTaoelg Tng 0doU xoprynong — MoAd auyvég: Kémwon. Aiatapayég Tou
fTmaTog Kai Twv XoAn@épwv — 2uxveg: YmepyohepuBpivaipia, nmatotogikétnta. O
TapakdTw emmpooBeTeg avemBiunTeg avidpdaeig £xel avagepBei 6T oxetifovial
pe ™ Aamamvipn o€ ouvduaopd pe kameomaBivn e Glogopd ouxvetnTag
peyaiTepn amé 5% o€ olykpion pe Tn povoBepareia KamearmaBivng: Alarapayég
TOU YOOTPEVTEPIKOU GUaTAPaTog — MoAU auyvég: Auamewia. Alatapayég Tou Gépuatog
Kal Tou uTroddpIou 10700 — o) GUYVEG: odeppia. EmmAéov, o mapakdtw
avemBopnTeg avridpdoeig avapépBnke Ot oxetiCoval pe T Aamamviumm oe oxfua

Siver eAmida yia (wn] e§wTEPIKG

ouvduaopol pe kameomaBivn, aMd eugavioTnkav o€ Tiapduola ouxvomTa 0T0
okéhog  povoBepameiag  kameomapivng:  Alatapayég Tou veupikoU GUOTAUATOG
- Zuyvéc: Kegahahyio. Aiatapayég Tou yaoTpeviepikol ouaTApatog - MoAd
ouyvég: 2toparinida, GuokoldTnTa, kolhiaké dAyog. Alatapayég Tou dépatog Kai
Tou uroddpiou 10700 — MoAs ouyvég: Mahapo-meAuariaia epuBpoducaiobnaia.
Aarapayég Tou HUOCKEAETIKOU GUOTAPATOG Kal TOU GUVOETIKOU 10700 — oAU ouyvé:
Ayog oTa dkpa, oopuaAyia. Mevikég diatapaxég Kal KATaaTaoelg TG 0doU xoprynong
- oAU auyvég: PAeypoviy BAevvoyovou. Wuyiarpikés Siatapayég — MoAU ouyveg:
Aimvia Meiwpévo khdopa e§wbnong apioteprg koikiag: Meiwaeig Tou kKAGopaTog
€§wenong apioteprig koihiag (LVEF) Exouv avagepBei aTo 1% mepimou Twv aoBeviv
Tiou éAaBav AamamvipTm kai fTav aOUPTITWHATIKEG O€ TrepioaoTepeg amd 1o 90%
Twv mepmTwoewy. O peiwoelg Tou LVEF umoywpnoav n BeAiwbnkav o mmévw
amé 10 60% Twv TEPIOTATIKWY PETG omd diakomr g Bepareiag pe Aamamvipmmn.
ZupTTwyaTikég peiwaeig Tou LVEF mapatnprBnkav ato 0,1% mepimou Twv aoBeviv
mou éhapav povoBepameio pe Aamramvipmn. Xto mapampenévia cupTTwHaTa
mepihapBavovtav duoTvola, kapdiakl avemdpkeio kai aioBnua maAuwv. Oha Ta
ouppdvta umoxwpnoav apéowg petd T diakot g Afyng TG Aamamviummg.
Meiwoeig Tou LVEF avor kav 070 2,5% Twv aoBeviv Tou éAaBav Aamamviptm o€
OUVBUAOHOG PE KATTEDITA! £évavri moooaTou 1,0% oy opdda Tng HovoBepameiag
pe kameamaBivn. Aidppoia: Aidppoia epgavioTnke 1o 65% Tepimou Twv aoBeviv
mou éAaBav Aamamvipmn o€ ouvduaopé pe KameomaBivy. Ta TepioooTEpQ
mepioTanikd digppoiag frav Babuol 1 N 2 kai dev odfynoav o diakomm NG
Bepameiag pe Aamamvipmmn. H didppoia aviamokpiveral kaAd aTnv TpoAnTITIki aywyn
(BAéme mapdypago 4.4). E¢avenua: E¢avenua eugaviotnke ato 28% mepimou Twv
aaBevuyv Trou EAaBav AammamvipTn o€ cuvduaopd pe kamearaBivn. To eEavBnua frav
Yevikd xapnAoU BaBuol kai dev 0drynae o€ dlakoTrr TG Bepareiag pe Aamamvipmm.
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The great leap forward

Edito rial We would like to welcome you to the Forum of Clinical Oncology (FCO), the official scientific journal of
the Hellenic Society of Medical Oncology!

Vassilios Barbounis  In the Hellenic Society of Medical Oncology we share the view that there are many issues we deal
with in our every day clinical and research practice that are common to our colleagues in other parts
of the world and probably. a little bit more to those closer to us, in the Balkans and the Mediterranean
basin. This view led us to dare the great leap forward: to broaden the scope of our Greek scientific
journal for oncology, published in Greek for the last 10 years, and develop Forum of Clinical Oncology.
a web-based open access journal in English.

FCO will serve as a forum for us all to communicate clinical and research achievements. We envision
the journal to be the means, by which our efforts in the fight against cancer will become known to
a wider audience, thus establishing our presence in the global setting. Undoubtedly there are many
such journals, but we wish to put forth another respected publication, which will be accepted by the
PubMed database in due course. Our endeavor is embraced by a large number of eminent foreign
colleagues who participate in the International Editorial Board and will grant us direction and support.

One of the innovations of the journal is its online management from submission of an article to its
publication. Online is more efficient: submitting, reviewing, proofreading, filing and indexing. However,
the most important benefit of all is the easy universal access.

English has become the common language amongst scientists from around the globe. This is the rea-
son why we chose English as the official language of the journal. Many Greek colleagues have already
published work in English in distinguished journals or have studied or worked abroad. We believe
that the language change will not be an impediment for our Greek colleagues to present their work
in FCO, whereas on the other hand it will allow our colleagues from other countries to participate.

The Forum of Clinical Oncology publishes original and translational research articles relevant to diag-
nosis and treatment of cancer, state-of-the-art reviews, case reports, research articles, statements
of opinion and comments, all related to clinical practice and basic research.

We share the view that there should be no barriers to knowledge and thus, we decided Forum of
Clinical Oncology to be an open-access journal, i.e., any work submitted to the journal and accepted
for publication shall be made immediately available to the scientific community and the general public,
via the journal’'s website and printed version. Authors are requested to adjust accordingly the informa-
tion regarding their work they wish to make public. It is the desire of the editorial team to make this
journal an interactive educational tool to offer knowledge and it is addressed to scientists working in
the field of oncology.

In the current issue, the articles presented relate to every day clinical practice: a multi-center phase
[l study, a review in cancer cachexia, an article for the new agent pazopanib that recently got approval
for use in renal cell carcinoma (RCC) from the FDA and EMEA, as well as an article dedicated to the
targeted treatment for older patients with advanced/metastatic non-small cell lung cancer. Finally,
a case study, a case of fiber in an ovarian cyst in a patient under anti-angiogenesis treatment is also
presented.

It is expected that despite our efforts to get everything right, our first steps will not be flawless. None-
theless, we strongly believe that with your support and guidance we will become better. Please join
us in our effort and submit your work to the FCO.
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Before submitting your work to the Forum of Clinical
Oncology. please make sure you have read the following
guidelines for authors, regarding our manuscript acceptance
and evaluation process and our editorial and open-
access policies.

These guidelines have been based on the Uniform
Requirements for Manuscripts Submitted to Biomedical
Journals (URMSBJ), which can be found in full at www.
icmje.org. For additional guidance on preparing and
submitting a manuscript, please visit the ICMJE website.

MANUSCRIPT SUBMISSION

The Forum of Clinical Oncology uses an online submission
and review system, allowing you to submit your manuscript
at anytime from anywhere in the world and making it
easier to track its progress through the peer-review
process. As soon as you submit your article, the system
will convert it into a PDF (Portable Document Format) file
and you will be notified of its receipt via e-mail. Editors
and reviewers will then access your paper online.

Before submitting your article, please read the guidelines
below, to make sure it conforms to our standards, so as
to avoid any delays in evaluating your work. For any pre-
submission enquiries, please e-mail Mr. Vassilios Barbounis,
the Editor-in-Chief, at editor@forumclinicaloncology.org.

MANUSCRIPT PREPARATION

Types of Papers
The Forum of Clinical Oncology accepts the following
types of papers:

1. Original or Translational Research/Case Reports
These include the following sections in the order they
appear below:

Abstract: A single paragraph of fewer than 250 words.
The primary goal of the abstract should be to make the
general significance and conceptual advance of the work
clearly accessible to a broad readership. References
should not be cited in the abstract.

Key Words: 5-10, for indexing purposes.

Introduction: Provides a context or background for the
study (that is, the nature of the problem and its significance)
and states the specific purpose or research objective of,
or hypothesis tested by, the study or observation.

Materials and Methods: This section should include only
information that was available at the time the plan or
protocol for the study was being written; all information
obtained during the study belongs in the Results section.

Results: This section presents results in logical sequence
in the text, tables, and illustrations, giving the main or
most important findings first. Authors should avoid
repeating all the data in the tables or illustrations in the
text but should emphasize or summarize only the most

important observations. Extra or supplementary materials
and technical detail can be placed in an appendix, where
they will be accessible but will not interrupt the flow of
the text.

Discussion: Emphasizes on the new and important aspects
of the study and the conclusions that follow from them.
Authors should avoid repeating in detail data or other
information given in the Introduction or the Results section.

References: Please see section below for reference format.

2. Reviews

Reviews should be recognized as scholarly by specialists
in the field being covered, but should also be written with
a view to informing readers who are not specialized in that
particular field, and should therefore be presented using
simple prose. Please avoid excessive jargon and technical
detail. Reviews should capture the broad developments
and implications of recent work. The opening paragraph
should make clear the general thrust of the review and
provide a clear sense of why the review is now particularly
appropriate. The concluding paragraph should provide
the reader with an idea of how the field may develop
or future problems to be overcome, but should not
summarize the article. To ensure that a review is likely
to be accessible to as many readers as possible, it may
be useful to ask a colleague from another discipline to
read the review before submitting it.

Please include the following:
Abstract: one paragraph of fewer than 150 words
5-10 key words for indexing purposes

3. Correspondence

Correspondence should be addressed to the Editor-in-
Chief and concern issues either appearing in past issues
or of interest to the wider oncology community. Letters
to the Editor-in-Chief should not exceed 500 words and
may include up to 5 references.

MANUSCRIPT REQUIREMENTS

Text should be prepared in Microsoft Word, using
Arial 10 pt. Text should also be double-spaced, with
consecutive page numbers throughout, starting with
the title page. Papers should be written as concisely as
possible in clear, grammatical English and organized in
the following manner:

1. Title page

This should carry the following information:

The article title (please make sure you include all the
necessary information that will make your work more
easily retrievable in an electronic system).

Authors’ names and institutional affiliations.
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The name of the department(s) and institution(s) to which
the work should be attributed.

Any disclaimers, where applicable.

The contact details for authors and the name, address,

e-mail, telephone and fax numbers of the corresponding
author, who should also clearly indicate whether this
e-mail address may be published.

5-10 key words (for indexing purposes).

A list of abbreviations and acronyms used throughout
the text (recommended where applicable).

An abstract, which authors should make concisely,

presents the salient points of the work submitted and
accurately reflects the content of the article.

2. References

There are no limits on the number of references,
although it is recommended that authors prefer less,
more representative reference lists, rather than longer,

exhaustive ones. Include in the reference list only

those articles that have been published or are in press.

Unpublished data or personal communications must
be cited within the text and indicated as such. The list
of references should be numbered consecutively, in

the order in which they are first mentioned in the text.

Identify references in text, tables, and legends by Arabic
numerals in parentheses. References cited only in tables
or figure legends should be numbered in accordance
with the sequence established by the first identification
in the text of the particular table or figure. The titles of
journals should be abbreviated according to the style
used in Index Medicus or a comparable source and omit
punctuation after journal titles. Spell out foreign or less
commonly known journal names. List all authors up to
6 authors. If there are more than 6 authors, please list
the first 6 authors followed by «et al.»

The Uniform Requirements style for references is based

largely on an American National Standards Institute style,

adapted by the National Libraby of Medicine (USA) for its
databases. For a wide variety of recommended reference
formats, please visit the following website:

http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=citmed.

3. Tables (with descriptive titles and legends)

Please save text and table files as separate Microsoft
Word documents with double spacing. Number tables
consecutively in the order of their first citation in the
text and supply a brief title for each. Tables will be
reformatted during production and therefore should
only be minimally formatted in your text file. Do not use
internal horizontal or vertical lines. Give each column a
short or an abbreviated heading. Authors should place
explanatory matter in footnotes, not in the heading. Explain
all nonstandard abbreviations in footnotes, and use the
following symbols, in sequence: *1.+.,8,||.9.**,tt.4+. Identify

statistical measures of variations, such as standard
deviation and standard error of the mean.

4. Figures

Figures should be submitted as separate files of acceptable
format, i.e. TIFF, Photoshop, EPS files or high resolution
PDF files. See below for further details. Please note
that authors will be asked to revise details and images
if they do not adhere to the figure protocols. Any image
processing should be explained clearly in the Materials
and Methods section of your manuscript. Unnecessary
figures and panels in figures should be avoided: data
presented in small tables or histograms, for instance,
can generally be stated briefly in the text instead. Avoid
unnecessary complexity, coloring and excessive detail.
Where possible, text, including keys to symbols, should
be provided in the text of the figure legend rather than
on the figure itself. Figure legends should be at the end
of the manuscript as text.

Guidelines for Figure Preparation:

Resolution: Please submit high-quality images (resolutions
of at least 300 dpi) ready for print.

Formats: We only accept figures in electronic format (TIFF,
Photoshop, EPS files or high resolution PDF files). Please
note that PowerPoint or Word processing, presentation
files, or paint files should not be submitted, as they
are inadequate for the creation of high-quality images.
Additionally, much of the information in PowerPoint or
other file types is lost or skewed in the conversion of
images. Acceptable formats include TIFF, Photoshop, EPS
files or high resolution PDF files. Compatible graphic art
programs are Adobe Illustrator and Adobe Photoshop.
Name the file with the appropriate number of the figure,
l.e. figl tiff or fig2.eps.

Figure size: Figures should be as small and simple as is
compatible with clarity and submitted at the size they are
to be published. Maximum width = 7.1667 in. Maximum
height = 9.6663 in.

For multi-panel figures (such as figure 1a, 1b, 1c, etc),
each panel should be assembled into one image file. Do
not include separate panels on multiple pages. i.e. A, B,
C and D should all fit on one page. Each panel should
be sized so that the figure as a whole can be reduced by
the same amount and reproduced on the printed page
at the smallest size at which essential details, including
type, are visible and readable.

Color mode: Save all color figures in CMYK mode at 8
bits/channel. Avoid layering type directly over shaded or
textured areas and using reversed type (white lettering
on a colored background).

Type: Please be sure to embed all fonts. Use Arial or
Tahoma. The font size should be no greater than 9 pt.
and no smaller than 6 pt; however, panel labels (A, B, C)
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should be 15 pt. uppercase (not bold). Lettering in figures
(labeling of axes and so on) should be in lowercase type,
with the first letter capitalized and no full stop. Please
keep font size relatively the same throughout the figures,
so as to avoid scaling issues. Also note that readability
suffers, if type is layered over a pattern or color other
than white or black.

Units: Units should have a single space between the
number and the unit, and follow SI nomenclature or the
nomenclature common to a particular field. Thousands
should be separated by commas (1,000). Unusual units
or abbreviations should be defined in the legend. Please
use the proper micro symbol (denoting a factor of one
millionth) rather than a lower case u.

5. Supplementary Files
Please see below for a list of acceptable supplementary
material in the following formats:

Text: MS Word file
Table/Data: MS Word file

Figures: Please provide an MS Word file with all figures
embedded in the order they appear in the text, clearly
labeled with figure legends below them to be used as
a guide for layout.

Please provide ALL files also in one PDF file. Links to
supplemental data will be included in the PDF of the
published manuscript and in the online abstract.

Non-Native Speakers of English

Appropriate use of the English language is a requirement
for review and publication in the Forum of Clinical Oncology.
Authors who have difficulty writing in English should
seek assistance with grammar and style to improve the
clarity of their original manuscript, either by having their
manuscripts reviewed for clarity by a native speaker
colleague or by using the services of one of the many
companies that provide substantive editing after the
authors produce an initial version.

Please note that the Forum of Clinical Oncology takes
no responsibility for, or endorses, these services. Their
use does not guarantee acceptance of a manuscript for
publication.

EDITORIAL POLICY

The Forum of Clinical Oncology only accepts original
work, which has not been or will not be submitted for
publication elsewhere. Additionally, submission of an
article implies that all authors listed on the manuscript
have agreed to its submission.

Manuscripts should conform to the Uniform Requirements
for Manuscripts Submitted to Biomedical Journals
(URMSBJ), which can be found in full at www.icmje.org,
in conjunction with the requirements of the Forum of
Clinical Oncology listed here. In particular, the attention

of authors is drawn to the following conditions (extracted
from the URMSB)):

AUTHORSHIP

Authorship credit should be based on: 1) substantial
contributions to conception and design, or acquisition of
data, or analysis and interpretation of data; 2) drafting
the article or reviewing/revising it critically for important
intellectual content and 3) final approval of the version
to the published. Each author should meet all three
of these criteria. Acquisition of funding. or general
supervision of a research group. are not valid criteria for
authorship. Individuals who have a lesser involvement
should be thanked in the acknowledgements. If meeting
these requirements causes problems for a particular
manuscript, authors are encouraged to contact the Editor
for advice on alternative ways in which other contributors
can be listed.

ACKNOWLEDGMENT OF FUNDING

Authors should list all sources of funding for the research
described in a manuscript in the "‘Acknowledgments’
section.

POTENTIAL CONFLICTS OF INTEREST

Potential conflicts of interest exist when an author
or reviewer has financial or personal interests in a
publication that might, in principle, influence their scientific
judgment. Financial interests include, but are not limited
to, stock-holding, consultancy, paid expert testimony and
honoraria; they also include any limitations on freedom
to publish that are imposed on an author by an employer
or funding agency. In order to encourage transparency
without impeding publication, authors are required to
include a statement at the end of a manuscript that lists
all potential financial interests or clearly states that there
are none, if appropriate. Possible conflicts of interest of
a personal nature should also be communicated to the
Editor, who will discuss with the author whether these
ought to be listed. Peer reviewers are also required to
inform the Editor of any potential conflicts of interest,
financial or otherwise.

ETHICAL STATEMENTS

If a study involves any ethical issues, which include
patient confidentiality and treatment of animals, the paper
must be accompanied by a statement to the effect that
the authors complied with all of the legal requirements
pertaining to the location(s) in which the work was done.

Indicate whether the procedures were approved by
the Ethics Committee of Human Experimentation in
your country, or are in accordance with the Helsinki
Declaration of 1975.
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CORRECTIONS AND RETRACTIONS

Authors are obliged to notify the Editor at once if they
find that a published manuscript contains an error,
plagiarism or fraudulent data. The journal will publish a
correction, retraction or notice of concern at the earliest
possible date: authors are encouraged to contact the
Editor to discuss the most appropriate course of action.

Duplicate or redundant publication: We publish only
original manuscripts that are not also published or
going to be published elsewhere.

Duplicate publications, or redundant publications (re-
packaging in different words of data already published by
the same authors) will be rejected. If they are detected
only after publication, the Editor reserves the right to
publish a notice of the fact without requiring the authors’
approval. Competing manuscripts on the same study,
for example by collaborators who have split into rival
teams after the data were gathered, are acceptable
only under special circumstances: please contact the
Editor for advice.

PLAGIARISM AND OTHER FRAUD

If the Editor has reason to suspect that a manuscript is
plagiarized or fraudulent, he reserves the right to bring
his concerns to the authors’ sponsoring institution and
any other relevant bodies.

LIMITS TO FREEDOM OF EXPRESSION

We are committed to academic freedom. It does, however,
have to operate within the laws of Greece, where the
Forum of Clinical Oncology is published. A liberal
democracy that is committed to academic freedom, it
does have certain legal restrictions on the publication
of specific types of material (for example, defamation
of character, incitement to racial hatred etc). In the
unlikely event that a manuscript contains material that
contravenes these restrictions, the journal reserves
the right to request that the material is removed from
the manuscript or that the manuscript is withdrawn. In
any case, the journal requires authors to take full legal
responsibility for what they have written.

AVAILABILITY OF MATERIALS AND DATA

As a condition of publishing their work in the Forum of
Clinical Oncology, authors should be able to provide any
materials and/or protocols used in published experiments
to other qualified researchers for their own use. These
should be made available in a timely manner and it is
acceptable to request reasonable payment to cover
the cost of maintenance and transport. If there are
restrictions to availability, this should be made clear
in the cover letter and in the Materials and Methods
section of the Research Paper or Report.

SUBMISSION PREPARATION CHECKLIST

As part of the submission process, authors are required
to check off their submission’s compliance with all of
the following items, and submissions may be returned
to authors that do not adhere to these guidelines.

1. The submission has not been previously published,
nor is it before another journal for consideration (or
an explanation has been provided in Comments to
the Editor).

2. The submission file is in Microsoft Word document
file format.

3. Where available, URLs for the references have been
provided.

4. The text is double-spaced; uses a readable font;
employs italics, rather than underlining (except with
URL addresses); and all illustrations, figures, and
tables are placed within the text at the appropriate
points, rather than at the end.

5. The text adheres to the stylistic and bibliographic
requirements outlined in the Author Guidelines, which is
found in About the Journal at www.forumclinicaloncology.
org.

6. If submitting to a peer-reviewed section of the journal,

the instructions in Ensuring a Blind Review have been
followed.

COPYRIGHT NOTICE

Authors who publish with this journal agree to the
following terms:

a. Authors retain copyright and grant the journal right
of first publication with the work simultaneously
licensed under a Creative Commons Attribution
License that allows others to share the work with an
acknowledgement of the work’s authorship and initial
publication in this journal.

b. Authors are able to enter into separate, additional
contractual arrangements for the non-exclusive
distribution of the journal’s published version of the
work (e.g., post it to an institutional repository or
publish it in a book), with an acknowledgement of its
initial publication in this journal.

c. Authors are permitted and encouraged to post their
work online (e.g.. in institutional repositories or on
their website) prior to and during the submission
process, as it can lead to productive exchanges, as
well as earlier and greater citation of published work
(see The Effect of Open Access).

PRIVACY STATEMENT

The names and email addresses entered in this journal
site will be used exclusively for the stated purposes of
this journal and will not be made available for any other
purpose or to any other party.
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Salvage Chemotherapy with Gemcitabine
and Pegylated Liposomal Doxorubicin

in Pretreated Patients with Ovarian Cancer:
A Mutlticenter Phase Il Study

Antonia Kalykaki, Pavlos Papakotoulas, loannis Boukovinas, Nikolaos Vardakis, Vasiliki Bozionelou,
loannis Varthalitis, Athanasios Athanasiadis, Aris Polyzos, Anna Potamianou, Dimitris Mavroudis,
Vassilis Georgoulias

ABSTRACT

Objective: To evaluate the safety and antitumor activity of gemcitabine and pegylated
doxorubicin combination in pretreated ovarian cancer patients.
Patients and Methods: Pretreated patients (n=38; =3rd line: 45%; platinum/taxane-
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resistant/refractory disease: 42.1%) with locally advanced or metastatic ovarian cancer
were enrolled. Gemcitabine (800 mg/m?) was administered on day 1 and 8 and pegylated
liposomal doxorubicin (30 mg/m?) on day 1 every 21 days. Results: Four (10.5%) complete
and 5 (13.2%) partial responses (overall response rate 23.7%; 95% Cl 10.17%-37.2%) were
observed; the objective response rate was 25% and 22.7% in patients with platinum-
resistant/refractory and platinum-sensitive disease, respectively. The median duration of
response was 4 months, the median time to tumor progression 6.8 months and the median
survival 18.4 months. Grade 3-4 neutropenia (with one episode of febrile neutropenia) and
grade 3 thrombocytopenia were observed in 12 (31.6%) and 4 (10.5%) patients, respectively.
Grade 3-4 Palmar-Plantar Erythrodysesthesia (PPE) occurred in only one patient. There
was no treatment-related death.

Conclusions: The combination of pegylated liposomal doxorubicin and gemcitabine is a
well tolerated and active regimen in patients with pretreated ovarian cancer, regardless
of its sensitivity to platinum compounds. The regimen merits further evaluation in patients
with platinum-resistant/refractory disease.

Acknowledgements:
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Key words: Gemcitabine, pegylated liposomal doxorubicin, phase Il study, ovarian cancer.

INTRODUCTION

Ovarian carcinoma is the leading cause
of death in patients with gynecologic

after this front-line paclitaxel/platinum
chemotherapy, are considered to have
platinum- and taxane-resistant disease.

malignancies (1). The epithelial ovarian
cancer is the most common histologic type.
Most of the patients with ovarian cancer
are diagnosed at an advanced stage of the
disease resulting in an impaired survival as
compared to patients who are diagnosed
at earlier clinical stages. Cytoreductive
surgery followed by chemotherapy is
the treatment of choice for patients with
advanced ovarian cancer. The standard
chemotherapy for primary ovarian cancer is
a regimen combining a platinum compound
with paclitaxel (2). However, despite the
excellent initial antitumor efficacy of these
combinations, over three quarters of women

will relapse and will die from the disease.

Patients, who relapse within 6 months

These patients have a poor prognosis and
the aims of treatment efforts are palliation
and the improvement of quality of life rather
than cure.

The pegylated liposomal doxorubicin is a
formulation of doxorubicin encapsulated in
small, sterically stabilized liposomal vesicles.
This liposomal encapsulation protects
from formulation detection and destruction
by the reticuloendothelial system, thus
resulting in an increase of the agent’s half-
life. Additionally, liposomal encapsulation of
doxorubicin reduces nonspecific delivery to
normal tissues and avoids the high plasma
levels responsible for toxicity, such as
cardiotoxicity (3.4). These pharmacological
activities, which improve the exposure
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of tumors to higher drug levels of doxorubicin, have
demonstrated that pegylated liposomal doxorubicin is an
active drug against ovarian cancer in both the first- and
second-line setting with an acceptable safety profile (4-9).

Gemcitabine (Gemzar) is an antimetabolite, which inhibits
DNA chain synthesis by competing with deoxycytidine for
DNA incorporation (10). In addition, gemcitabine has shown
activity as salvage treatment in ovarian cancer (11-17).
Doxorubicin and gemcitabine have different mechanisms
of action and non-overlapping toxicity.

The combination of pegylated liposomal doxorubicin
and gemcitabine has been evaluated in patients with
advanced solid tumors showing that their combination
may be both feasible and active (18-19). Since both drugs
are active against ovarian cancer, a phase Il trial was
conducted by the Hellenic Oncology Research Group
(HORG) in order to evaluate the efficacy and the impact
on Quality of life (QoL) of their combination in patients
with relapsed ovarian cancer.

MATERIALS AND METHODS
Patient Selection

Thirty-eight patients with histologically confirmed epithelial
ovarian cancer were enrolled into this phase Il study.
Eligibility criteria included: age >18 years old, advanced
ovarian cancer (stage lll-1V), disease relapse after a taxane/
platinum combination regimen, evaluable disease (by
physical examination, imaging studies or tumor markers),
a life expectancy of =6 months, a performance status
(ECOG) of 0-2, an adequate bone marrow (absolute
neutrophil count (ANC) =1500/dL, platelet count 100,000/
dL), renal (creatinine level <1.5 mg/dL) and liver (bilirubin
level <1.5 the institutional upper normal (UNL), and
aspartate transaminase and alanine transaminase levels
<2 times the UNL) function. In addition, patients had to
have a left ventricular ejection fraction =50%. Patients
with pregnancy or breastfeeding, a second primary tumor
(except of non-melanoma skin tumors or cervix CIN I, II), or
previous treatment with pegylated liposomal doxorubicin
or gemcitabine, brain metastasis and active infection
were excluded from the study. All patients gave written
informed consent to participate in the study, which had
been approved by the Ethics and Scientific Committees
of the participating centers.

Study design

All patients had a baseline medical history, physical
examination, complete blood cell count (CBC) with
differential and platelet counts, a complete chemistry
panel and measurement of tumor markers serum
levels (CEA and CA 125). All patients had baseline
computed tomography thorax and abdomen scans, an
electrocardiogram and a Multiple Gated Acquisition
Scan (MUGA). A CBC with differential and platelet count

was repeated on a weekly basis, whereas a physical
examination, CBC with differential and platelet count,
chemistry panel and tumor markers, performance status,
toxicity and medication assessment were recorded every
3 weeks. A Left Ventricular Ejection Fraction (LVEF) was
determined by MUGA every 3 chemotherapy cycles.

Response to treatment was assessed by imaging studies
and tumor marker measurements every 3 chemotherapy
cycles. A complete response (CR) was defined as the
disappearance of all measurable disease or normalization
of tumor markers for a minimum of 4 weeks. A partial
response (PR) was defined as a 50% or greater decrease
in the sum of the product of all measured lesions the
diameters, with the appearance of no new lesions, for
at least 4 weeks. Stable disease (SD) was defined as a
less than 50% decrease and a less than 25% increase in
the sum of the diameter products with no new lesions.
Progressive disease (PD) was defined as a 25% or
greater increase in the total area of any bidimensionally
measurable lesion compared with best response or as
the appearance of any new lesion. Patients who received
at least one cycle of chemotherapy were evaluable for
toxicity which was assessed according to the National
Cancer Institute Common Terminology Criteria of Adverse
Events (version 3).

Treatment and dose modifications

Gemcitabine (Gemzar; Eli Lilly, Indianapolis, USA) was
administered first at a dose of 800 mg/m? over a 30-minute
intravenous (IV) infusion on days 1 and 8; pegylated
liposomal doxorubicin (Caelyx; Schering Plough; USA)
was administered next over a 60-minute IV infusion at a
dose of 30 mg/m? on day 1. The treatment was repeated
every 21 days. The primary prophylactic use of G-CSF
was not allowed.

In case of grade 3 or 4 neutropenia or febrile neutropenia,
subsequent cycles were administered with prophylactic
use of Granulocyte-colony stimulating factor (G-CSF)
(Filgrastim; 5 pg/kg/d from day 4-8 and 10-15); if grade
3 or 4 neutropenia or febrile neutropenia occurred,
subsequent cycles were administered with a 25% dose
reduction of both drugs. A similar dose reduction was
required in patients with grade 3 or 4 thrombocytopenia as
well as in patients presenting = grade 3 non-hematologic
toxicity. A 25% dose reduction of pegylated liposomal
doxorubicin was also required in patients presenting a
decrease of the LVEF >=20% of the baseline.

Statistical analysis

The primary endpoint of the study was the objective
response rate. The time to tumor progression (TTP)
was measured from the time of treatment allocation
to the date of disease progression was first noticed.
Overall survival (0S) was calculated from the diagnosis
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of the disease until death or the date of last follow-up.
TTP and OS were calculated using the Kaplan-Meier
method. Survival analysis data is shown as median
and 95% confidence interval. Pearson’s Exact test was
used to compare statistical differences between patient
subgroups. Statistical significance was defined as p<0.05.

Tahle 1.

Patient characteristics. Patients with platinum
sensitive disease have better prognasis than
patients with platinum resistant/refractory.
See Ffficacy section.

n (= 38) %
Age
Median (min-max) 65.4 (39-75)
Performance status
0 18 414
1 16 421
2 4 105
Line of therapy
2nd 21 55.3
23rd 17 447
Taxane/Platinum sensitivity
Resistant/refractory 16 421
Sensitive 22 57.9
No. of Organs Involved
0 (Ca-125) 4 105
1 13 34.2
2 1 289
23 10 26.4
Organs Involved
Peritoneum 20 526
Lung 6 158
Pleura 5 13.2
Nodes 7 18.4
Liver 12 316
Ascites g 237
Other 1 289
Time since prior chemotherapy
<6 mo 16 421
26 mo 22 97.9

RESULTS
Patient Characteristics

Thirty-eight patients with ovarian cancer pretreated with
paclitaxel and cisplatin or carboplatin were enrolled
into the study: all patients were evaluable for response
and toxicity. Patient characteristics are listed in Table 1.
The median age was 65.5 years, 89.5% of patients had
a PS of 0-1 and 78.9% had International Federation of
Gynecology and Obstetrics (FIGO) stage IV disease and
44.7% of patients had received at least two prior lines of
chemotherapy. Almost 50% of patients relapsed within
6 months [median 6.0 mo (range, 0.5-32.5)] from the
prior treatment. The overall response rate (CR and PR)
to previous front-line treatment was 52.6%.

Compliance with the treatment

A total of 158 chemotherapy cycles were administered,
with a median of 5 cycles/patient (range, 1 to 8 cycles).
The median duration of cycles was 22.5 days (range,
21-31 days). The median delivered dose was 82.9% (442
mg/m?/week) and 90% (3 mg/m?/ week) of the protocol
planned dose for gemcitabine and pegylated liposomal
doxorubicin, respectively. Forty-two (26.6%) chemotherapy
cycles were delayed because of hematologic (n=14; 8.9%),
non-hematologic (n=5; 3.2%) or other reasons, unrelated to
the disease or treatment (n=23; 14.6%). A dose reduction
was required in 29 (18.4%) cycles, because of hematologic
(n=8 cycles; 27.6%), non-hematologic (n=12 cycles; 41.4%),
both hematologic and non-hematologic (n=1 cycle; 3.4%)
toxicity, as well as for other reasons unrelated to the
treatment (n=8; 27.6%).

Efficacy

All patients were evaluable for response. In an intention-
to-treat (ITT) analysis, four (10.5%) and five (13.2%) patients
presented a CR and PR respectively (ORR: 23.7% 95% C.1:
10.17%-37.20%); 10 (26.3%) patients presented SD and 19
(50%) PD. The objective response rate (CR+PR) was 28.6%
in patients who received the PLD/GEM combination as
2nd line and 17.6% in patients who received the regimen
as >2nd line treatment (p=0.431). In addition, the objective
response rate was 25% and 22.7% in patients enrolled
in the study <6 months and =6 months from the prior
treatment (Table 2). The median duration of response
was 3 months (range, 2.0-15.5). After a median follow-up
period of 7.2 months (range, 0.5-27), the median TTP was
4.7 months (range, 0.5-19.2). The median TTP for patients
with platinum/taxane-refractory/resistant and sensitive
disease was 1.6 months and 5.6 months respectively
(p=0.008; Figure 1). The median 0S was 18.4 months
(range, 0.5-27.0). The 1-year survival rate was 59.1%.
Similarly, the median OS for patients with platinum/
taxane-refractory/resistant and sensitive disease was 2.1
months and 13.4 months respectively (p=0.003; Figure 2).
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Table 2.

Response according to time since prior chemotherapy.

Time since prior
chemotherapy

<6 months (n=16)
»6 months (n=22)

Toxicity

All patients were evaluable for toxicity. In general, the
regimen toxicity profile was manageable (Table 3). Grade
4 neutropenia occurred in four patients (10.5%), febrile
neutropenia and grade 3 PPE in one patient each (2.6%).
The most common adverse events of any grade, was
anemia which was observed in 34 (89.5%) patients; grade
2-3 thrombocytopenia occurred in seven (18.4%) patients,
grade 3 mucositis in four (10.5%) and grade 1-2 PPE in
seven (18.4%) patients. Treatment was discontinued
in two patients because of grade 3 hypersensitivity
reactions against the pegylated liposomal doxorubicin.
G-CSF administration was required in 58 (36.7%) cycles.
There was no patient who presented a more than 10%
decrease of the baseline LVEF. Finally, there was no

Complete Response (CR)

3 (18.8%)
1(4.5%)

treatment-related death.

Figure 1.

Kaplan-Meier curves of time to tumar progression

(TTP) In patients with platinum-sensitive and

Response to 2nd line chemotherapy

Partial Response (PR) Stable Disease (SD)
1(6.2%) 1(6.2%)
4(18.2%) 7 (31.8%)
DISCUSSION

Progression Disease (PD)

11 (68.8%)
10 (45.5%)

Current study results indicate that the combination of
PLD/GEM is an active and well-tolerated regimen for the
treatment of patients with recurrent or resistant/refractory
epithelial ovarian cancer. Indeed, an overall response rate
of 23.7% was achieved with this chemotherapy regimen
irrespectively of the tumor’s sensitivity to platinum
compounds and paclitaxel (Table 2). However, both the
TTP and the overall survival were significantly higher in
patients with platinum/taxane-sensitive disease than
in patients with platinum/taxane- resistant/refractory
disease. Previous studies have clearly indicated that both
PLD and gemcitabine are active agents for the treatment
of recurrent epithelial ovarian cancer (4.5.7,11-17). In
phase Il trials, an objective response rate of 14-27% has

been reported with single agent PLD in patients with

Figure 2.

Kaplan-Meier curves of overall survival (0S) in pa-

tients with platinum-sensitive and refractory/resis-
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Tahle 3.

Adverse events possibly or probably related to study treatment.

Grl Grll

n % n
Neutropenia 7 18.4 8
Anemia 13 34.2 17
Thrombocytopenia 11 289 3
Nausea/Vomiting 5 13.2 7
Asthenia 5 13.2 7
Constipation 4 10.5 3
Stomatitis 2 53 4
Neurotoxicity 2 53 -
Allergy 2 5.3 1
Diarrhea 1 26 2
Febrile neutropenia - - -
Edema - - -
Infection -
Fever in absence of infection -
PPE b 3

recurrent disease (4,5,7). In patients with disease non-
responsive to platinum or paclitaxel, PLD resulted in a
17-26% response rate with a median PFS of 5-6 months
(4,5). Similarly, single agent gemcitabine resulted in a
14-19% overall response rate with a median TTP of 2.8-5
months (11-17). In these studies patients had platinum-
resistant disease and the majority also had prior exposure
to paclitaxel. The comparison of gemcitabine and PLD
in two randomized phase |ll trials failed to demonstrate
any significant difference in terms of response rate, time
to tumor progression and overall survival between the
two drugs in patients with platinum-resistant ovarian
cancer (20,21).

In the current study, the combination of PLD/GEM
demonstrated an objective response rate of 25% with
a median TTP of 1.6 months in patients with platinum/
taxane-resistant/refractory disease. These results are
in agreement with previous phase Il studies which have
demonstrated that the combination of these two drugs
is an active regimen in patients with platinum-resistant
or refractory ovarian tumors. Indeed, Ferrandina et al.
(22) reported that the PLD/GEM combination resulted
in an impressive response rate of 347% in patients with
recurrent disease. The subgroup analysis demonstrated

Gl Griv
A N % n "
211 8 211 4 105
4k b 105 : :
79 4 105 - -
184 2 5.3 - -
184 - - - -
79 - - - -
105 4 105 . :
- 1 26 - -
26 1 26 - -
53 - - - -
- - - 1 26

that patients with platinum-sensitive disease achieved
a response rate of 53.7% with a duration of response of
22 weeks and a Progression-Free Survival (PFS) of 35
weeks; conversely, in patients with platinum-resistant
disease the observed response rate was 21.6% with a
PFS of 20 weeks. In another phase Il study in patients
with platinum-resistant/refractory disease, the PLD/
GEM regimen resulted in an overall response rate of
33%:; it should be noted that in this particular study, 77%
of the patients had received only one prior chemotherapy
regimen (23). Similarly, Scarlos et al. (24) reported a 22%
overall response rate and a median TTP of 2.7 months
in patients with platinum- and/or taxane-resistant/
refractory disease.

The development of resistance to platinum compounds
is a well known negative prognostic factor for the
clinical outcome of patients with ovarian cancer. In the
current study, despite the encouraging response rate
observed with the pegylated liposomal doxorubicin plus
gemcitabine combination, both the median TTP and the
overall survival were significantly shorter in patients with
platinum-resistant/refractory tumors than in patients
with platinum-sensitive tumors. The enrollment in the
study of almost 50% of the patients for whom the study
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treatment was >3rd-line of treatment may also account
for this poor outcome of patients with platinum-resistant/
refractory disease.

The PLD/gemcitabine combination showed a favorable
toxicity profile. Myelosupression was the main adverse
event with anemia of any grade to be the most common
toxicity; however, there was no need for blood transfusions.
Other relatively frequent toxicity was grade 1-2 PPE which
was manageable with PLD dose reductions as has already
been reported by other investigators (22-24). It is also

interesting to note that the regimen was not associated
with clinically relevant cardiotoxicity.

In conclusion, the results of the present study indicate
that the pegylated liposomal doxorubicin in combination
with gemcitabine is an active and well-tolerated regimen
for the treatment of patients with platinum-sensitive and
platinum-resistant/refractory epithelial ovarian cancer.
This regimen merits to be further evaluated in association
with agents targeting the angiogenesis which seems to be
significantly involved in the progression of ovarian cancer.

REFERENCES

1. Jemal A, Murray T, Ward E, Samuels A, Tiwari RC, Ghafoor A, Feuer EJ, Thun MJ.
Cancer Statistics 2005. CA Cancer J Clin 2005:55:10-30.

2. Berkenblit A, Cannistra SA. Advances in the management of epithelial ovarian can-
cer. J Reprod Med 2005;50:426-438.

3. Gordon AN, Granai CO, Rase PG, Hainsworth J, Lopez A, Weissman C, Rosales R,
Sharpington T. Phase Il study of liposomal doxorubicin in platinum-and paclitaxel-
refractory epithelial ovarian cancer. J Clin Oncol 2000:18:3093-3100.

4. Martin FM. Clinical pharmacology and anti-tumar efficacy of doxil (pegylated lipo-
somal doxoruhicin). In: Basic DD, Papahadjopoulos D, editors. Medical Applications
of Liposomes. Amsterdam: Elsevier; 1998; pp. 635-688.

5. Muggia FM, Hainsworth JD, Jeffers S, Miller P, Grashen S, Tan M, Roman L, Uziely
B, Muderspach L, Garcia A, Burnett A, Greca FA, Marrow CP, Paradiso LJ, Liang
LJ. Phase Il study of liposomal doxarubicin in refractory ovarian cancer: antitumor
activity and toxicity modification by liposomal encapsulation. J Clin Oncol 1997;
15:987-993.

6. Gordon AN, Fleagle JT, Guthrie D, Parkin DE, Gore ME, Lacave AJ. Recurrent epithe-
lial ovarian carcinoma: a randomized phase Il study of pegylated lipoal doxorubicin
versus topotecan. J Clin Oncol 2001:19:3312-3322.

1. Campos SM, Pensan RT, Mays AR, Berkowitz RS, Fuller AF, Goodman A, Matulonis
UA, Muzikansky A, Seiden MV. The clinical utility of liposomal doxarubicin in recur-
rent ovarian cancer. Gynecol Oncol 2001:81:206-212.

8. Gordon AN, Tonda M, Sun S, Rackoff W. Lang term survival advantage for women
treated with PEGylated liposomal doxorubicin compared with topotecan in phase
3 randomized study of recurrent and refractory epithelial ovarian cancer. Gynecol
Oncol 2004;95:1-8.

9. Rocconi RP, Straughn JM Jr, Leath CA 3rd, Kilgore LC, Huh WK, Barnes MN 3rd, Par-
tridge EE, Alvarez RD. Pegylated Lipasomal Doxorubicin consolidation therapy after
platinum/paclitaxel-based chematherapy for suboptimally debulked advanced-
stage epithelial ovarian cancer patients. The Oncologist 2006:11:336-341.

10. Huang P, Chubb S, Hertel LW, Grindey GB, Plunkett W. Action of ', 2-difluorodeoxy-
cytidine on DNA synthesis. Cancer Res 1991;51:6110-6117.

11. Lund B, Hansen OP, Theilade K, Hansen M, Neijt JP. Phase Il study of gemcitabine
(2.2’ -difluorodeoxycytidine) in previously treated ovarian cancer patients. J Natl
Cancer Inst 1994;86:1530-1533.

12. Shapiro J0, Millward MJ, Rischin D, Michael M, Walcher V, Francis PA, Taner GC.
Activity of gemcitabine in patients with advanced ovarian cancer: responses seen
following platinum and paclitaxel. Gynecol Oncol 1996;63:89-93.

13.D"Agostino G, Amant F, Berteloot P, Scambia G, Vergote I. Phase Il study of gem-
citabine in recurrent platinum-and paclitaxel-resistant ovarian cancer. Gynecol
Oncol 2003:88:266-269.

14. Markman M, Webster K, Zanotti K, Kulp B, Peterson G, Belinsan J. Phase 2 trial of
single-agent gemcitabine in platinum-paclitaxel refractory avarian cancer. Gynecol
Oncol 2003;90:593-596.

18. Lund B, Hansen OP, Neijt JP, Theilade K, Hansen M. Phase Il study of gemcitabine
in previously platinum-treated ovarian cancer patients. Anticancer Drugs 1995;6(6
Suppl):61-2.

16. Friedlander M, Millward MJ, Bell D, Bugat R, Harnett P, Mareno JA, Campbell L,
Varette C, Ripoche V., Kayitalire L. A phase Il study of gemcitabine in platinum pre-
treated patients with advanced epithelial ovarian cancer. Ann Oncol 1998;9:1343-
1345.

17. Markman M. Second-line treatment of ovarian cancer with single-agent gem-
citabine. Semin Oncal 2002:29(1 Supp)-9-10.

18. Tobias OH, Runowicz C, Mandeli J, et al. A phase | trial of gemcitabine and Doxil for
recurrent epithelial ovarian cancer. Proc Am Soc Clin Oncol 2000;19:392a.

19. D'Agostino G, Ferrandina G, Garganese G, Salerno MG, Lorusso D, Fametano MG,
Mancuso S, Scambia G. Phase | study of gemcitahine and liposomal doxorubicin
in relapsed ovarian cancer. Oncology 2002;62:110-114.

20. Mutch DG, Orlando M, Goss T, Teneriello MG, Gordan AN, McMeekin SD, Wang Y,
Scribner DR Jr, Marciniack M, Naumann RW, Secord AA. Randomized phase Il trial
of gemcitahine compared with pegylated liposomal daxarubicin in patients with
platinum-resistant ovarian cancer. J Clin Oncol 2007;25:2811-2818.

21.Ferrandina G, Ludavisi M, Lorusso D, Pignata S, Breda E, Savarese A, Del Medico P,
Scaltriti L, Katsaros D, Priolo D, Scambia G. Phase Ill trial of gemcitabine compared
with pegulated liposomal doxorubicin in progressive or recurrent avarian cancer. J
Clin Oncol 2008:26:890-896.

22.Ferrandina G, Paris |, Ludovisi M, D'Agostino G, Testa A, Lorusso D, Zanghi M, Pis-
conti S, Pezzella G, Adamo V, Breda E, Scambia G. Gemcitahine and liposomal
doxarubicin in the salvage treatment of ovarian cancer: Updated results and long
term survival. Gynecol Oncol 2005;98:267-273.

23.Petru E, Angleitner-Boubenizek L, Reinthaller A, Deibl M, Zeimet AG, Volgger B,
Stempfl A, Marth C. Comhined PEG Liposomal Doxorubicin and Gemcitahine are

active and have acceptable toxicity in patients with platinum-refractory and resistant
ovarian cancer after previous platinum-taxane therapy: A phase Il Austrian AGO
study. Gynecol Oncol 2006:102:226-229.

24.Skarlos DV, Kalofonos HP, Fountzilas G, Dimopoulos MA, Pavlidis N, Razis E, Ecano-
mopoulos T, Pectasides D, Gogas H, Kosmidis P, Bafaloukos D, Klouvas G, Kyratzis
G, Aravantinos G. Gemcitabne plus pegylated lipasomal doxorubicin in patients with

advanced epithelial ovarian cancer resistant/refractory to platinum and or taxanes.
A HeCOG phase Il study. Anticancer Res 2005;4:3103-3108.

July 2010



18 / FCO/IGF-1R in cancer

Departments of Medical Oncology
and Translational Research,

251 General Airforce Hospital,
Athens, Greece

Correspondence:

Giannis Mountzios,

Departments of Medical Oncology
and Translational Research,

251 General Airforce Hospital,
Athens, Greece,

e-mail: gmountzios@med.uoa.gr

The Insulin-like Growth Factor 1 Receptor:
Biochemical and Preclinical Evidence
Supporting its Role as a Target for

Cancer Treatment
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Abstract: The insulin growth factor (IGF) network of ligands, cell-surface receptors and
IGF-binding proteins plays important roles at multiple levels, including the cellular, organ
and organism levels. The IGF system mediates growth, differentiation and developmental
processes and is also involved in various metabolic activities. Dysregulation of IGF
expression and activity is linked to diverse pathologies, ranging from growth deficits to
cancer development. IGF axis targeting emerged in recent years as a valid therapeutic
approach. Specific IGF-1 receptor (IGF-1R) targeting in particular, has yielded the most
promising experimental and clinical results so far, thus attracting scientific interest . This
review provides the fundamental framework of the IGF-1R role in cancer biology and
explores the functional interactions between the IGF signaling pathways and various genes
implicated in carcinogenesis. In addition, we review a number of specific malignancies
in which the IGF system is involved and summarize recent data on preclinical studies

employing IGF-1R-targeting modalities.

Key words: Insulin growth factor-1 receptor, cancer treatment, preclinical data.

BIOCHEMICAL PROPERTIES

The insulin-like growth factor 1 receptor
(IGF-1R), which belongs to the tyrosine
kinase receptor family, is a transmembrane
tyrosine kinase consisting of 2 a- and 2
b-subunits (1). The extracellular a-subunits
are required for ligand binding, while the
transmembrane b-subunits contain the
tyrosine kinase catalytic site and the ATP-
binding site (2). Two ligands, IGF-1 and IGF-2
bind to IGF-1R (3). The local bioavailability of
ligands is subject to complex physiological
regulation and is probably abnormally
high in many human disorders, including
cancer (2). IGF-binding proteins (IGFBPs)
(3) and IGFBP proteases play key roles in
regulating ligand bioavailability. IGFBPs
prolong the half-life of IGFs, which may
lead to subsequent increase in IGF-1R
activation. On the other hand, these proteins
have affinity for IGFs comparable to IGF-1R
and there is competition between IGFBPs
and IGF-1R for available ligands in tissue
microenvironment (3). This provides a
basis for the inhibitory role of IGFBPs on
IGF-1 signaling. There is also evidence that

certain IGFBPs have direct, IGF-independent,
growth-regulatory action: The IGF-2R binds
IGF-2 but has no tyrosine kinase domain
and appears to act as an indirect suppressor
of proliferation by reducing the amount
of IGF-2 available for binding to IGF-1R.
Certain IGFBP proteases (often produced
by neoplastic cells) that cleave IGFBPs can
release free ligand and thereby increase
IGF-1R activation. Following ligand binding
to IGF-1R, its tyrosine kinase (TK) activity
stimulates signaling through intracellular
networks that regulate cell proliferation
and survival.

BIOCHEMICAL PATHWAYS ACTIVATED
BY IGF-1R

Binding of IGF-1 and IGF-2 to IGF-1R causes
its auto-phosphorylation and leads to
activation of multiple signaling pathways.
There are 4 insulin receptor substrate
(IRS) proteins in mammalian cells, but
IRS-1 and IRS-2 are the most prominent
in transmitting signals from either the
IGF-1R or the insulin receptor (IR). At least
two major different signal transduction
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Figure 1.

Binding of extracellular ligands to IGF-1R cell-surface receptors activates RAS and this initiates RAF activation. This leads to activation of the dual-specificity protein kinases
MEK1 and MEK2 (MAPK and ERK kinase) and subsequently the MAPK/ERK proteins ERK] and ERK2. Depending on the cellular context, this pathway mediates diverse
biological functions such as cell growth, survival and differentiation predominantly through the regulation of transcription, metabalism and cytoskeletal rearrangements.
The binding of the growth factor (IGF-1) ta its TK receptor (IGF-1R) alsa results in the recruitment and activation of the PI3K ta the plasma membrane receptor, which in turn
phaspharylates the phosphoinasitides, increasing the lacal concentration of PIP3 and PIP? at the plasma membrane. The PI3K activity is counteracted in the cell by PTEN,
a lipid 3- phosphatase which is the secand most common sporadically mutated tumar suppressar. This increase in lipid second messengers recruits and activates the
PDK and AKT protein kinases at the plasma membrane where AKT is then fully activated by phaspharylation of ser-473 and thr-308. Through the phosphorylation of a
diverse set of substrates, AKT regulates four intersecting biological pracesses: cell survival, cell-cycle progressian, cell growth and cell metabolism. The AKT substrates
that mediate some of these biological processes have been identified. AKT controls cell-cycle progression through several substrates. AKT can phosphorylate and
inhibit Glycogen synthase kinase-3 (6SK-3) which phospharylates several cell-cycle regulators such as c-Mye, cyclin D1 and cyclin E and controls a number of critical
cell-cycle events. AKT may also enhance the functions of some transcription factors by inactivating GSK-3.
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pathways have been identified for IGF-1R. One activates
Ras, Raf, and mitogen-activated protein kinase (MAPK)/
extracellular signal regulated kinase (ERK), the main
mitogen transduction pathway, while a distinct pathway

is responsible for anti-apoptotic signal transduction,
involving the phosphatidylinositide- 3-kinase (PI3K) -

AKT axis (Figure 1). AKT controls cell survival through
its inactivation of the BAD pro-apoptotic protein and the
subsequent activation of the IkB kinase (IKK)-NFkB
(nuclear factor-kB) pathway. In addition to that, the
activated AKT protein moves to the cell nucleus where it

Cyclln D1

phosphorylates the FOXO family of “forkhead” transcription
factors which is a set of highly conserved substrates of
AKT; This activation results in their translocation from
the nucleus to the cytoplasm and induces a change in
the “forkhead” transcriptional activity (4).

PI3K and AKT are also implicated in the activation of the
mammalian target of rapamycin (mTOR) protein kinase
pathway which, inturn, is implicated in a variety of cellular
processes (4). Activation of the mTOR pathway by AKT
is mediated by the inactivation of two tumor suppressor
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genes: TSC2 or tuberin, and its obligate binding partner,
hamartin (TSC1), which are mutated in a familial tumor
syndrome called tuberous sclerosis complex (TSC). Of
particular interest is the fact that AKT and mTOR can mediate
activation of the HIF-1a (hypoxia-inducible factor-1a)
transcription factor which is crucial for neovascularization
and subsequent tumor growth (5); Finally, AKT increases
the expression of the GLUT1glucose transporter and
glycolytic enzymes, ultimately leading to increased
glucose uptake which allows the hypermetabolic state
of most tumors (6).

Stimulation of the PI3BK-AKT- mTOR pathway by IGF-1R
also causes an mTOR-dependent loss in IRS-1 expression
leading to feedback downregulation of signaling through
the same pathway. The mTOR inhibition induces IRS-1
expression and abrogates feedback inhibition of the
pathway, resulting in AKT activation in cancer cell lines
and in patients treated with the mTOR inhibitors, such as
rapamycin, CCI-779 (7) or RADOO1 (8). Rapamycin enhances
basal AKT activity, AKT phosphorylation, and PI3K activity
in multiple myeloma cells and prolongs activation of AKT
induced by exogenous IGF-1 (7). Rapamycin also prevents
serine phosphorylation of IRS-1, enhances IRS-1 association

Table 1.

with IGF-1 receptors, and prevents IRS-1 degradation
(7); This feedback inhibition could paradoxically reduce
the antitumor effects of mTOR inhibitors by enhancing
IGF-1 signaling. IGF-1R inhibition could therefore prevent
rapamycin-induced AKT activation and may sensitize tumor
cells to mTOR inhibition. In contrast, IGF-1 antagonizes
the antiproliferative effects of rapamycin in serum-free
medium (8). This information suggests that feedback
downregulation of receptor tyrosine kinase signaling
is a frequent event in tumor cells with constitutive
mTOR activation. Hence, reversal of this feedback loop
by rapamycin may attenuate therapeutic effects, while
combination therapy with an IGF-1R inhibitor that ablates
mTOR function and prevents AKT activation may result
in improved antitumor activity.

EVIDENCE FOR IGF-1R INVOLVEMENT IN CANCER
Tumor type and IGF-1R expression

The IGF-1R has been implicated in promoting oncogenic
transformation, growth, and survival of cancer cells.
Several studies, both experimental and clinical, have
demonstrated that IGF-1R is overexpressed in tumor
samples compared to the corresponding normal tissues,

IGF-1R expression, IGF serum levels and IGF gene polymarphism in tumars in relation to cancer risk or prognosis.

Tumor type IGF-1R expression

Prostate cancer expression in mast prostate cancer cell lines,
averexpression in PC-3 and DU-43 cells

Breast cancer higher in estrogen-dependent cell lines, presence of
IGF-1R In biopsy specimens

Colorectal cancer presence on HCT 116 and Calo-205, and human

colon cancer specimens
Lung cancer

expression common in SCLC and NSCLC

IGF serum level or gene polymorphism

high circulating IGF-1 levels, 19-CA-repeat allele
associated with worse survival

circulating levels of IGF, IGFBP and 19-CA-repeat
allele assaciated with high risk the same for A-202 C
polymarphism in the IGFBP 3

a high IGF-I/IGFBP-3 ratio correlates with high risk,
same for CA <17 repeat allele

|GF stimulate growth in SCLC and NSCLC cell lines,
A-202C polymorphic variation of IGFBP-3 assaciated

with high risk
Gastric cancer Overexpression in primary tumar correlated with NR
increased lymph node metastasis
Pancreatic cancer overexpression NR
Bladder cancer expression NR
Sarcoma expression IGF-2R expression
Adrenal neoplasia averexpression in pheochromocytomas NR
CNS gliomas meningiomas express receptor NR

|GF: Insulin growth factor; IGFR: Insulin growth factor receptor: IGFBP: Insulin growth factor receptor binding protein, NSCLC: Non small-cell lung cancer, SCLC: Small-cell

lung cancer, CNS: Central nervous system; NR: Not reported.
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especially in cases of prostate cancer (3-13) (Table 1).
Findings based on prostate cancer studies raised the
possibility that tumor cell dependency on IGF-1R may
be stage-specific. The multi-step transformation of the
prostate epithelium is initially IGF-1R dependent: IGF-1
has been shown to stimulate the proliferation of human
prostate epithelial cells in culture and to be necessary for
normal growth and development of the rat and mouse
prostate (11). IGF-TR mRNA appears to be abundantly
expressed in most prostate cancer cell lines, including
PC-3 and DU-45 (11).

The concentration of IGF-1R is higher in estrogen-
dependent breast cell lines than in estrogen-independent
cell ones. There is a positive correlation between the
estrogen, progesterone, and prolactin receptors and
IGF-1R expression (14). IGF-1R expression, however, is
ubiquitous and its activation has been demonstrated to
be a potent stimulus for growth. IGF-1R overexpression
is observed in 43.8% of tumors in primary breast cancer
patients, although IGF-1R overexpression was not found
to correlate with prognosis or with other clinicopathologic
parameters (14).

IGF-1R is overexpressed in 62% of primary tumor site
or lymph node metastasis of gastric cancer when
compared with adjacent tumor-free gastric mucosa.
IGF-1R overexpression in primary tumor correlates
with increased lymph node metastasis (15). IGF-1R is
also expressed on the human colon cancer cell lines
HCT116 and ColLo-205, and a high IGF-1/IGFBP-3 ratio
may increase the risk of colon cancer development (16).

IGF receptor expression is also common in lung cancer.
Presence of IGF-1R mRNA has been found in almost all
cell lines and mostly primary lung adenocarcinomas (11).
IGF-1 is a potent mitogen, stimulating cancer cell growth
1.6-to 4.2-fold in a panel of small cell lung cancer (SCLC)
cell lines and 1.1-to 2.7-fold in a panel of non-small cell
lung cancer (NSCLC) cell lines such as NCI-H1299 (11).

Significant overexpression of the IGF-1R in human
pheochromocytomas suggests IGF system involvement in
the pathogenesis of adrenal neoplasia (17). Gastrointestinal
neuroendocrine tumors (NET) frequently express IGFs
and IGF-1R and apoptosis or cell cycle arrest may be
induced by the IGF-1R-TK inhibitor, NVP-AEW541, in NET
cells (17). The inhibition of the IGF/IGFR system appears
to be a promising novel approach for future treatment
strategies of NET disease (18).

Circulating level of IGFs

Circulating levels of IGF-1 are associated with an increased
risk for developing prostate, breast, colorectal and lung
cancer (Table 1). Men with high levels of serum IGF-1 are
at increased risk of developing clinically evident prostate
cancer (19). Circulating levels of IGF-1 and IGFBP-3 may
predict the risk of developing advanced-stage prostate

cancer (20). Men in the highest quartile of IGF-1 level
have a five-fold increased risk of advanced-stage prostate
cancer than men in the lowest quartile (20). Elevated IGF-1
levels are also associated with sporadic colorectal cancer
(CRC) risk in hereditary non-polyposis colorectal cancer
(HNPCC) (11). Finally, women in the highest quartile of
circulating levels of IGF and IGFBP have more than twice
the risk of developing breast cancer than those in the
lowest, although this effect is only apparent at young
ages (27).

Genetic polymorphisms and IGF expression

The presence of millions of genetic variations
(polymorphisms) in the human genome may provide
extensive biological variations that affect cancer physiology.
treatment outcome and prognosis. Polymorphisms of
genes encoding growth factors may be good candidates
for a possible determinant of treatment outcome and
prognosis.

A known genetic cytosine—adenine (CA) repeat
polymorphism in the promoter region of the human IGF-1
gene may be associated with circulating IGF-1 levels. The
19-CA-repeat allele is more frequent in prostate cancer
patients than controls and males homozygous for the
19-allele have a significantly increased risk for prostate
cancer (21). The presence of more than 19 repeats of
IGF-1 is associated with a worse cancer-specific survival
and was found to be an independent risk factor for death
along with well-established clinical parameters (22). The
number of IGF-1 (CA) repeats may be a novel predictor
in prostate cancer patients with bone metastasis (23).

Women with 19-CA-repeat allele homozygote and high
IGF-1 levels have a much higher risk of breast cancer
(24). The polymorphisms in the IGF-1 and IGFBP-3 genes
are associated with an increased risk of breast cancer in
familial cases carrying the variant alleles (25,26).

The risk of colorectal cancer may be associated with having
an IGF-1 genotype other than homozygous for 19 repeats
and with the GG IGFBP-3 genotype. IGF-1 and IGFBP-3
genotypes are significant modifiers of the relationship
between risk factors (body mass index, postmenopausal
hormone use and physical activity) and colorectal cancer
in multivariate analysis (28). Patients carrying a shorter
IGF1 CA-repeat lengths polymorphism (<17 repeat) have
higher colorectal cancer risk in hereditary non-polyposis
colorectal cancer (HNPCRC) syndrome (29).

A-202C polymorphic variation of IGFBP-3 gene constitutes an
independent risk factor for NSCLC. The risk for developing
NSCLC was found to be significantly associated with the
AA genotype (30).

Finally, IGF polymorphisms are also associated with
osteogenic sarcoma and this is the first evidence for
a possible pathogenetic role of IGF in oncogenesis of
mesenchymatous tissues (31).
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INTERACTIONS BETWEEN IGF-1R AND OTHER TYROSINE
KINASE RECEPTORS

IGF-1R signaling interferes with numerous other growth
factors or receptors such as epidermal growth factor
receptor (EGFR) and vascular endothelial growth factor
(VEGF). Increased IGF-1 serum levels have been shown
to stimulate VEGF secretion and induce VEGF promoter
activation (32). As mentioned above, IGF-1 stimulates
PI3K/Akt and Erk/MAPK pathways, each contributing to
HIF-1a expression, which is an important mediator of VEGF
secretion (33). Functional inhibition of IGF-1R signaling
has been shown to upregulate VEGF-C mRNA levels (34).

IGF-1R and EGFR are often co-expressed in pancreatic
cancer cell lines and their expression patterns through
the cell have been shown to correlate with tumor grade
and prognosis (35). Membrane-dominant EGFR and
cytoplasm-dominant IGF-1R are more frequent in lower-
grade tumors and are associated with favorable prognosis
in primary invasive ductal pancreatic carcinomas, whereas
cytoplasm-dominant EGFR and membrane-dominant
IGF-1R are more frequent in higher-grade tumors and
usually associated with poor prognosis (36).

IGF-1R AND RESISTANCE TO TARGETED THERAPIES

Signaling via IGF-1R has been associated with resistance
to anti-EGFR and HER-2-based therapies in preclinical
studies. Primary resistance to anti-EGFR therapy with either
monoclonal antibodies or tyrosine kinase inhibitors (TKI) has
been observed in preclinical models of EGFR-expressing
tumors such as lung cancer and glioblastoma (37). IGF-1R
mediates resistance to anti-EGFR therapy in primary human
glioblastoma cells through continued activation of PI3K-AKT
signaling (37). Interestingly, co-targeting IGF-1R with EGFR
greatly enhances both spontaneous and radiation-induced
apoptosis in a glioblastoma model (38).

In lung cancer, the recent identification of a novel mutation
of the EGFR gene in the TK domain (T790M), rendering cells
resistant to the EGFR TKls erlotinib and gefitinib strongly
suggests that tumor cells remain dependent on an active
EGFR pathway for their proliferation (39).The addition of
an anti-IGF-1R strategy to EGFR targeting treatment may
be more effective than a single-agent approach (40) and
dual EGFR/IGFR targeting compounds are currently in
development. Tyrphostin AG1024 (an inhibitor of IGF-1R)
is being tested with gefitinib in MDA468, MDA231, SK-
BR-3, and MCF-7 breast cancer lines, which express
similar levels of IGF-1R but varying levels of EGFR (40).
Gefitinib and AG1024 when used in combination revealed
an additive-to-synergistic effect on cell growth inhibition.
Overexpression of IGF-1R in SK-BR-3 cells is sufficient
to cause a marked enhancement in gefitinib resistance.
IGF-1R signaling reduces the anti-proliferative effects of
gefitinib in several breast cancer cell lines (40). Similar
findings of an involvement of IGF-1R in EGFR resistance

mechanism where also reported in pancreatic and prostate
cancer cell lines (41,42).

Co-targeting HER2 and IGF-1R improved the efficacy of
therapies directed against HER2/erbB2. In two cell lines
(MCF7 and BT474) IGF-1R antagonists potentiated the effect
of HER? and estrogen receptor (ER) antagonists. While
these agents produce a moderate rate of apoptosis when
used separately, their combination induces a dramatic
increase in apoptosis (43). Trastuzumab inhibited the growth
of MCF-7/HER2-18 cells, which express both HER2 and
IGF-TR, only when IGF-1R signaling was minimized (44).
In SKBR3 cells, which also express HER2, but to a much
lesser extent IGF-1R, trastuzumab reduced proliferation
index by 42% regardless of IGF-1 concentration. When
the SKBR3 cells were genetically altered to over-express
IGF-1R and cultured with IGF-1, trastuzumab has no effect
on proliferation. However, the addition of IGFBP-3, which
decreased IGF-1R signaling. restored trastuzumab-induced
growth inhibition (45). A strong synergistic interaction
has been found in combining trastuzumab and reduction
of IGF-1R signaling by expression of dominant-negative
IGF-1R in HER2 — overexpressing MCF7her18 breast
cancer cells and this resulted in a potentiation of growth
inhibition in transfected cancer cells (46). Taken altogether,
these results suggest that targeting IGF-1R signaling may
prevent or delay development of resistance to trastuzumab
(44). Simultaneous co-targeting of TK receptors may be
therapeutically useful and provides a specific rationale
for combining IGF-1R and HER?Z targeting strategies (45).

Signaling transduction through IGF-1R may exhibit a
cross-talk with other molecular mediators, including the
stem-cell factor (SCF) - c-KIT system of ligand and receptor
respectively (47). It has been recently reported that Ber-
Abl expressing cells harboring imatinib (an SCF-KIT loop
inhibitor) resistance due to Bcr-Abl gene amplification are
sensitive to AG1024 (48). Whether this effect is a direct
consequence of IGF-1R or due to an “off target effect” of
AG1024, remains to be determined. Several lines of evidence
demonstrated that IGF-1R targeting inhibitors are effective
against leukemia, multiple myeloma, and lymphoma models
(49-52). IGF-1R blockade by ADW742, a small molecule
specific for this receptor, alone and in combination with
imatinib on Ewing tumor cell lines has been studied (53).
Addition of imatinib to ADW742 synergistically augmented
these effects and is especially effective in inhibiting AKT/
mMTOR phosphorylation and reducing VEGF expression in
cell lines having high IGF-1R activation levels. Combination
of ADW742 with imatinib induces a significant reduction
of tumor cell growth, mainly by the increase in apoptosis
with a pattern depending on IGF-1R activation levels (53).

PRECLINICAL DATA ON IGF-1R INHIBITION

Avariety of approaches, including dominant negative mutants,
kinase defective mutants, antisense oligonucleotides, IGF-
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binding proteins, soluble forms of the receptor, antagonistic
and/or neutralizing antibodies or small molecule kinase

inhibitors have been used to inhibit IGF-1R signaling.

Reducing the levels of the ligands (IGF-1 and IGF-2)
has given promising results in mice which express only
IGF-1 in adult life. However, in adult humans, IGF-1 and
IGF-2 are both expressed and, theoretically, both of
them would have to be targeted. Antisense strategies

are the first to be used successfully in vitro and in vivo.

Antagonistic antibodies and TK inhibitors represent the
most probable clinically viable options (54).

Humanized monoclonal antibodies such as: EM164 (55,
56). (AVE1642) (57). IMC-A12 (41) and CP-751, CP- 871,

h7C10 (58), have been successful in inducing apoptosis in
cancer cells and their usefulness is further supported by
the observation that antibodies to the IGF-1R, like antisense

Tahle 2.

strategies, downregulate the receptor. The feasibility of
inhibiting IGF-1R function with a specific antibody was
first demonstrated using a mouse monoclonal antibody
(a-IR-3) directed against the a-subunit of IGF-1R (54). This
antibody inhibits the binding of IGF-1 to its receptor, thereby
preventing downstream signaling, tumor cell proliferation
in vitro and tumor growth in vivo. Numerous groups have
recently described the identification and characterization
of antagonistic and/or neutralizing humanized antibodies
targeting the extracellular domain of IGF-1R. Although
generated by applying different strategies, such potential
biopharmaceuticals have been shown to bind specifically
to IGF-1R, thereby preventing the activation of IGF-1R-
mediated signaling (54).

Parallel to the efforts directed at blocking the physical
interaction between IGF-1R and its growth factors, drug

Specific IGFIR targeting compounds in preclinical or early clinical development.

Compounds Type of targeting
CP-751, 871 (Figitumumab) antibody
EM164 (AVEIB42) antibody
IMC-A12 (Cixutumumab) antibody
h7C10 antibady
INSM18 TK inhibitor
ppP TK inhibitor
NVP-ADW742, TK inhibitor
NVP-AEWS41

BMS-536924, TK inhibitor
BMS-554417

Sponsor

Pfizer

Phase of development

Phase lll in NSCLC:

CP-751 + erlatinib vs erlotinib
(interrupted in interim analysis)
Phase Il in SCLC

Phase Il in breast cancer

Saint-Luc- Université
Catholique de Louvain

ImmunoGen/Sanofi-Aventis

ImClone LLC

National Cancer Institute

Southwest Oncalogy Group
Pierre Fabre and Merck
Insmed

Karolinska Institute
Novartis Pharma

Bristol-Myers Squibb

Phase Il in SCCHN
(lack of efficacy)

Phase Il in breast cancer
(active, but nat currently recruiting)

Phase Il in SCCHN

Phase Il in various sarcomas
Phase Il in prostate cancer
Phase Il in colorectal cancer
Phase Il in NET

Phase Il in HCC

Phase Il in thymic carcinomas
Phase Il in NSCLC

Phase I/ll in pancreatic cancer

Preclinical

Phase |
Preclinical-Phase |
Preclinical

Preclinical

NSCLC: Non small-cell lung cancer; SCLC: Small-cell lung cancer; SCCHN: Squamous-cell carcinoma of the head and neck; NET: Neuroendacrine

tumars; HCC: Hepatocellular carcinoma.
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discovery activities have also aimed at modulating
IGF-1R TK activity by targeting its intracellular kinase
domain. The identification of specific low-molecular
mass inhibitors of IGF-1R kinase activity has proven to
be a major challenge for medicinal chemistry. In theory,
a specific inhibitor of IGF-1R TK activity would be the best
solution. The problem is that this type of inhibitor will
have to distinguish the TK domain of the IGF-1R from the
one of the insulin receptor. The two domains are highly
homologous, but there are small differences that could
be exploited. These kinase inhibitors could be divided
into two groups: ATP antagonists such as: NVP-ADW742
(49), NVP-AEW5S41 (59) and BMS-536924 (60), BMS-554417
(61) and Non-ATP antagonists such as: picropodophyllin
(PPP) (51), AG538 (62) and INSM18.

PPP is a cyclolignan derivative developed at the Karolinska
Institute and is a selective inhibitor of IGF-1R kinase activity
(51). PPP potently inhibits IGF-1R autophosphorylation
(IC50 of 0.04 pM) and is selective against a panel of other
receptor TKs, without interfering with insulin receptor
activity (63-65). PPP did not compete with ATP but interfered
with phosphorylation in the kinase domain activation loop
. PPP reduces phosphorylated Akt, induces apoptosis
and tumor regression in xenografted mice. IGF-1Rs of
PPP-treated cells are undergoing rapid downregulation.
This downregulation may be important for the strong
apoptotic effect of this compound. PPP treatment of
IGF-1R overexpressing cells results in the preferential
inhibition of the PISK/PKB pathway (63-65).

A summary of preclinical and early clinical data on
compounds targeting IGF-1R are presented in Table 2.

QUESTIONS AND PERSPECTIVES

Recent success in the development of small-molecule
TK inhibitors and blocking antibodies against the IGF-1R
poses challenges to translational scientists seeking to
design clinical trials. Small-molecule kinase inhibitors

have potential advantages including convenient oral
administration but it is difficult to predict a priori to what
extent these agents will be specific for IGF-1R during
long term in vivo use, where tissue concentrations might
vary. Moreover, as there are hardly examples of genetic
alterations of this pathway in human tumors, it is unclear
how patients should be selected for treatment using
this approach. Is activation of the receptor in a tumor
likely to predict responsiveness? What effects may the
inhibitors have on IGF-1R in normal tissues and even on
the insulin receptor (66)? While several small molecules
have a much lower affinity for the IGF-1R than the insulin
receptor, the relative affinities in patients and on different
tissues remain unknown. It is hoped that intermittent
therapy with these or similar agents may have minimal
effects, perhaps only on tissues that demonstrate a high
level of cellular turnover such as the bone marrow and
gastrointestinal tract. These side effects may therefore
be similar to those seen with chemotherapy and may
be limited in extent and duration; clinical trials will be
required to establish this. Regarding the insulin receptor,
intermittent therapy may provoke insulin resistance and
diabetes to an extent that would be limited and easily
treatable.

Finally, because of its strong antiapoptotic activity,
downregulation of the IGF-1R could be used in combination
with other anticancer therapies that induce apoptosis in
cancer cells. Blockade of the IGF- 1R might be a valid option
as an adjunct therapy for cancer patients. It may reduce
side-effects by lowering the doses of chemotherapeutic
agents, and perhaps render chemotherapy more effective.
Whether the agent used is a humanized antibody, small
peptide inhibitor, or small molecule, it is becoming clear
that the IGF system plays a critical role in the development
and treatment of cancer. Last but not least, sequence of
co- administration in the case of IGF-1R targeting drugs
and chemotherapy seems to be critical.
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Cell Lung Cancer
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Abstract: Non-small cell lung cancer (NSCLC) is a common health issue in the older
population. Chemotherapy remains the cornerstone of treatment and prolongs survival
with a positive impact on quality of life. However, it seems that chemotherapy has reached
a plateau of activity in the treatment of NSCLC. Recently, the addition of bevacizumab or
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cetuximab to chemotherapy doublets has improved the outcome in selected patients with
advanced NSCLC. Furthermore, erlotinib and gefitinib represent alternative therapies for
second-line treatment. However, there is paucity of large, well conducted prospective
trials of these targeted agents in older patients. The purpose of the current review is
to present the currently available evidence regarding the role of targeted agents in the
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treatment of NSCLC in older patients.

Key words: Older, age, NSCLC, targeted therapies, erlotinib, gefitinib, cetuximab,

bevacizumab.

INTRODUCTION

Lung cancer represents the most common
type of cancer in terms of incidence and
cancer-related mortality (1). Non-Small
Cell Lung Cancer (NSCLC) accounts for
approximately 80% of lung cancer cases (1).

As the global population ages, the incidence
of lung cancer diagnosed in older patients
is rising. Approximately 50% of newly
diagnosed NSCLC cases occur in patients
older than 65 years and 30-407% of cases
are diagnosed in patients older than 70
years (2); the Surveillance, Epidemiology.
and End Results (SEER) registry indicates
that the median age at diagnosis in NSCLC
is 69 years (3). Thus, it is clear that NSCLC
represents a significant health problem
in the older population. For older NSCLC
patients, prospective, randomized phase |lI
clinical trials have clearly demonstrated that
single-agent chemotherapy offers a survival
benefit, compared with best supportive
care (4). Regarding combination therapy,
published results are conflicting and it is not
clear whether combination therapy offers
benefits compared with monotherapy (5:6).

Although chemotherapy represents the
backbone of treatment of advanced/metastatic
NSCLC and chemotherapy doublets are
considered the “standard” first-line treatment
for the general NSCLC population (7), it should

be noted that chemotherapy resulted in a
statistically significant but modest survival
benefit for most lung cancer patients;
moreover, it is clear that chemotherapy has
reached a plateau of activity in the treatment
of NSCLC (8).

Advances in our understanding of molecular
biology of cancer and mechanisms of
tumorigenesis, have led to the development
of novel "targeted therapies”. Several of
these "targeted agents” have been integrated
into clinical practice for NSCLC patients.
Recently, a phase Il trial reported a significant
prolongation of overall survival (OS) beyond
the benchmark of 12 months with the addition
of bevacizumab to a chemotherapy doublet
in a selected NSCLC population (9). A
similar European trial reported significant
prolongation of Progression Free Survival
(PFS) with the addition of bevacizumab to
chemotherapy (10). Furthermore, the addition
of cetuximab, an anti-Epidermal Growth
Factor Receptor (EGFR) monoclonal antibody,
to cisplatin/vinorelbine doublet resulted in
a significant prolongation of OS (11). Finally,
erlotinib significantly prolongs survival and
improves quality of life in patients with one
or two primary lines of treatment (12), while
gefitinib has recently demonstrated similar
efficacy to docetaxel as second-line treatment
(13). However, although "targeted agents” are
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routinely used in the treatment of advanced/metastatic
NSCLC, their role in the treatment of older patients has not
yet been thoroughly studied. The purpose of this review
is to present current data regarding the role of "targeted
agents” in the treatment of older patients with advanced/
metastatic NSCLC.

ANTI-EGFR TREATMENT
Tyrosine Kinase Inhibitors

Erlotinib, offers a survival benefit compared to best
supportive care according to a phase lll trial for patients
with advanced NSCLC after 1st and 2nd line failure (12).
Jackman et al reported the results of a phase Il trial with
erlotinib as first-line treatment in 80 elderly (=70 years
of age) NSCLC patients (14). The response rate was 10%
while 41% of patients had stable disease. Median Time to
Tumor Progression (TTP) was 3.5 months and median 0S
10.9 months. The 1- and 2-year survival rates were 46%
and 19%, respectively. The most common toxicities were
acneiform rash (79%) and diarrhea (69%). Four patients
developed interstitial lung disease of grade 3 or higher,
with one treatment-related death. An age-specific subgroup
analysis of the global, open-label TRUST erlotinib study,
which evaluated erlotinib in more than 6,000 patients, was
reported during the previous ASCO meeting (15). Interim
analysis data concerning 451 elderly (>70 years) patients
who received erlotinib as first-line treatment revealed an
objective response rate of 9% (1% complete response and
8% partial response), and a Progression-Free Survival
(PFS) of 16.4 weeks (15). Table 1 summarizes several
small prospective or retrospective studies which evaluated
erlotinib or gefitinib in the first- (16;17) or second- (18)
line treatment in elderly patients with advanced NSCLC.

Two randomized, phase Il trials compared vinorelbine with
either gefitinib (19) or erlotinib (20) as first-line treatment in
older patients with NSCLC. Both trials failed to demonstrate
any difference between vinorelbine and EGFR tyrosine
kinase inhibitor in terms of response rate, TTP, and OS.
These trials are presented in Table 2.

In the gefitinib trial reported by Crino et al (19) overall
Quality of Life (QoL) improvement rates, as assessed by
the total FACT-L scores, were higher with gefitinib than
with vinorelbine (24.3% vs 10.9%). Furthermore, there were
fewer treatment-related grade 3 to 5 adverse events with
gefitinib (12.8%) than with vinorelbine (41.7%). An unexpected
observation in that trial was that EGFR FISH-positive patients
benefited more from vinorelbine than from gefitinib (19).

A randomized, phase Il trial, conducted by the National
Cancer Institute of Canada Clinical Trials Group (NCIC CTG)
(BR.21 study), randomly assigned patients after failure of
first- or second-line chemotherapy to erlotinib or placebo in
a 2:1 ratio. Treatment with erlotinib resulted in a significant
survival benefit over placebo (12). In the original cohort, 163
(227% of the original cohort; 112 on erlotinib, 51 on placebo)

patients =70 years old were enrolled (21). Reponse rate
and PFS were similar between younger and older patients.
Additionally, there was no significant difference in terms
of OS (erlotinib arm: 6.4 versus 7.6 months for younger
and older patients, respectively: p-value=0.85; placebo
arm: 4.7 versus 5.0 months for younger and older patients,
respectively; p-value =0.22). Treatment effect was also
similar between younger and older patients, with the latter
deriving the same benefit from erlotinib treatment as their
younger counterparts. However, it should be noted that
older patients experienced significantly more > grade |lI
toxicities (35% for elderly patients versus 18% for younger
patients; p<0.001).

On the basis of these studies, tyrosine kinase inhibitors
are a reasonable treatment option for older patients with
advanced NSCLC in the salvage setting. The presence of
EGFR gene mutations in the tumor has turned out to be
a significant predictor of efficacy with these agents (22).
Validation of these markers in prospective studies will
further optimize the use of erlotinib in all patients including
the older subgroup.

Monoclonal antibodies

Gridelli et al evaluated in a randomized phase Il trial the
optimal way of combining gemcitabine and cetuximab
(either concurrently, or sequentially) in elderly patients
with NSCLC (23). No significant differences in terms of
efficacy were observed between the two arms (1-year
survival rate: 41.4% and 31%, respectively). However, the
sequential approach was not recommended for further
study because of low compliance while, according to
the authors, the concurrent approach was not proposed
for further development due to inconsistency of survival
outcomes.

ANTI-ANGIOGENIC THERAPIES
Monoclonal antibodies

Bevacizumab is a recombinant, humanized, monoclonal
antibody against VEGF, and is the most extensively studied
anti-angiogenic agent in the treatment of NSCLC. A pivotal
phase Il trial, ECOG 4599, demonstrated a significant
prolongation of median survival by two months for the
combination of bevacizumab and paclitaxel/carboplatin
followed by bevacizumab until disease progression. A
similar European phase Il trial (AVAIL study), evaluated
the combination of cisplatin/gemcitabine plus bevacizumab
(bevacizumab was administered at two different doses: 7.5
mg/kg and 15 mg/kg) followed by bevacizumab maintenance
compared to the same chemotherapy regimen plus placebo.
Although time-to-progression was significantly longer for
either dose of the drug, the study failed to demonstrate any
survival benefit (10).

An age-specific subgroup analysis of the ECOG 4599 study
was reported by Ramalingan et al (24). This study enrolled

FORUM of CLINICAL ONCOLOGY



Articles / 29

224 (26% of the whole cohort) patients with advanced/
metastatic NSCLC aged =70 years. A Cox model analysis
showed that treatment effects were not different for young
and elderly patients (p=0.34) and that age was not a negative
prognostic factor for survival. Among older patients, in
the bevacizumab arm, there was a trend towards higher
response rate (29% versus 17%; p=0.067) and higher PFS
(5.9 versus 4.9 months; p=0.063). However, the addition of
bevacizumab to paclitaxel/carboplatin doublet in the elderly
population did not result in a significant prolongation of
median OS (11.3 versus 12.1 months; p=0.4). On the other
hand, it should be underlined that this subgroup analysis
did not yield survival differences. Significantly, more
>grade lll toxicities were observed in older patients with
the addition of bevacizumab, compared to the paclitaxel/
carboplatin doublet. Seven treatment-related deaths
were observed among elderly patients treated with the
three-drug combination compared with only two deaths in
the chemotherapy monotherapy arm. Furthermore, older
patients who received bevacizumab suffered more > grade
Il toxicities compared to their younger counterparts (24).

A similar age-specific retrospective analysis was reported
for the AVAIL study (25). Efficacy data were available for
304 patients aged =65 years and for 739 younger patients.
The response rate in older patients was 40%, 29% and 30%
in the bevacizumab 7.5 mg/kg arm, 15 mg/kg arm and
placebo arm, respectively. Progression-free-survival
was significantly higher for older patients in the 7.5 mg/
kg arm compared with the placebo arm (p=0.023), while
there was no difference for the 15 mg/kg arm (p=0.25).
Survival was similar in all treatment arms regardless of
age. Safety data were available for 284 elderly and 702
young patients. There were no safety signals of concern
in older patients. Grade >3 toxicities occurred in 84%, 80%
and 80% of older pts treated with bevacizumab 7.5 mg/kg,
15 mg/kg and placebo respectively. No episodes of severe
hemoptysis were observed in older patients, but in the
bevacizumab 7.5 mg/kg and placebo arms, older subjects

Tahle 1.

were more likely to have other clinical problems related
to bleeding compared to younger patients. The incidence
of hypertension and febrile neutropenia were similar
in young and older patients treated with bevacizumab.
The incidence of treatment-related deaths did not differ
between the two age groups in both the bevacizumab and
the placebo arms.

SAIL was an open-label, single-arm trial of first-line
treatment consisting of bevacizumab in combination with
standard chemotherapy in 2000 patients with NSCLC. An
interim analysis to assess safety in older patients (=65 years)
was presented during the last meeting of the European
Society of Medical Oncology (ESMO) (26). Three hundred
sixty-one older patients and 955 young patients were
evaluable for safety. There were six treatment-related
deaths in the older population group and 11 in the younger
patients group, while 28.3% of patients =65 years of age
experienced a serious adverse event compared with 22.6%
pts <65 years. There was no difference in the incidence
of thromboembolic events between the two age groups.

Further evaluation of bevacizumab combined with different
chemotherapy regimens (single agent or platinum-
based doublets with modified doses and schedules) are
warranted (27).

CONCLUSIONS

NSCLC represents a significant health problem in the
elderly population and approximately 40% of new NSCLC
cases occur in patients older than 70 years of age (2).
Despite this high incidence, older patients are frequently
under-represented in clinical trials (28) evaluating new
cancer treatments. As a result, it is difficult to reach
evidence-based clinical recommendations which apply to
the treatment of the elderly. Inclusion of bevacizumab in
first-line treatment in combination with cytotoxic agents
demonstrated a survival prolongation beyond the historical
benchmark of 12 months. Erlotinib significantly prolongs

Erlotinib or Gefitinib in the treatment of older NSCLC patients.

Treatment Line of treatment n ORR(%) Median 0S (mo)
Jackman et al. (14) E 1st 80 10 109
Rajdev et al. (16) E 1st 30 10 5.57
Merimsky et al. (15) E 1st 451 9 16.4* weeks
Ebi et al. (17) G Ist 49 25 10
Bearz et al. (18) G st -2nd 22 Ak 4.1

*Median progression free survival, **partial respanse and stable disease
ORR: overall response rate, 0S: overall survival, E: erlatinib, G: gefitinib
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Tahle 2.

Randomized, phase Il trials comparing cytotoxic agents with anti-EGFR tyrosine kinase inhibitors.

treatment n ORR (%)
Crino et al. (19) Gefitinib 97 3.1

Vinorelbine 99 5.1
Chen et al. (20) Erlotinib 37 21.6

Vinorelbine 40 12.8

NS: non-significant, NR: nt reported

survival and improves quality of life in patients with one or
two primary lines of treatment, while gefitinib has recently
demonstrated similar efficacy to docetaxel as second-line
treatment. Although these “targeted therapies” seem
feasible in older NSCLC patients, it should be underscored
that much of the data currently available derive from
retrospective, age specific, subgroup analyses of clinical
trials conducted in the general NSCLC population. However,
these analyses may suffer from selection bias in favor of
treatment, since only the fittest older patients would have

TTP (mo) p-value O0S (mo) p-value
2.7 0.310 59 NS
29 8.0
4.4 0.607 NR
39

been included in such trials. Results from clinical trials
conducted inyounger patients cannot always be extrapolated
to the general older population. These patients have more
comorbidities and tend to experience more treatment-related
toxicities compared to their younger counterparts. Thus,
prospective, elderly-specific clinical trials are mandatory
in order to optimize the integration of “targeted agents”
in the treatment of advanced/metastatic NSCLC in older
patients and to provide evidence-based recommendations
for the treatment of this specific population.
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PAZOPANIB: a second generation
antiangiogenic multitargeted tyrosine

kinase inhibitor

Niki Karaxaliou, Zenia Saridaki

Abstract: Vascular endothelial growth factor (VEGF) is a key regulator of angiogenesis.
Inhibition of the VEGF-signaling pathway has emerged as one of the most promising new
approaches for cancer therapy. Pazopanib (Votrient: Glaxo Smith Kline, UK) is an orally
bioavailable second generation multitargeted tyrosine kinase inhibitor targeting VEGFR-
1, -2 and -3, PDGFR and c-kit tyrosine kinases. Pazopanib has shown clinical benefit in
renal cell carcinoma (RCC). In a randomized, placebo controlled, multicenter international
phase Il study that evaluated pazopanib monotherapy in treatment-naive and cytokine-
pretreated patients with advanced RCC, it was shown that pazopanib was well tolerated
and demonstrated a significant improvement in progression-free survival and response
rate compared to placebo, and thus, received EMEA and FDA approval for clinical use.
Besides RCC, pazopanib has been and is currently evaluated in a wide variety of tumors
(such as breast cancer, non small cell lung cancer, hepatocellular carcinoma) showing
encouraging results with a favorable and manageable tolerability profile. Results from
several trials are awaited in order to define its use in our daily clinical practice in a variety
of tumors besides RCC, giving us more options towards personalized, targeted therapy.

Key words: Pazopanib, renal cell cancer, VEGFR-, PDGFR-, c-kit inhibitors.

INTRODUCTION

Over the past 30 years, the angiogenic
process and its role in cancer biology has
been studied thoroughly providing significant
information about cancer therapy. Tumors
depend on blood vessels to obtain nutrients
and oxygen for growth and for metastasis to
other tissues (1). Vascular endothelial growth
factor (VEGF) is a key regulator of angiogenesis
which mediates numerous changes within
the tumor vasculature, including endothelial
cell proliferation, migration, and degradation
of the extracellular matrix, allowing new
cells to migrate out of the tumor’s primary
site. These angiogenic growth factors are
secreted by tumor cells and then bind to
specific receptors on endothelial or other
cells involved in the angiogenic process (1,2.3).

VEGFR (vascular endothelial growth factor
receptors) tyrosine kinases represent a
principal subfamily of transmembrane
proteins possessing extracellular ligand-
binding domains and intracellular kinase
domains. There are three forms of VEGFR
tyrosine kinases; fms-like tyrosine kinase-1
(VEGFR-1), kinase insert domain-containing
receptor tyrosine kinase (VEGFR-2) and FLT-4
(VEGFR-3) (2). These VEGFR kinases play a

fundamental role in tumor angiogenesis and
their recognition has led to the development
of several agents targeting VEGF. Another
subfamily of receptor tyrosine kinases are
the platelet-derived growth factor receptor
(PDGFR) tyrosine kinases, which include
PDGFR, c-kit and fms-like tyrosine kinase
(FLT-3) and are involved in pericyte and
stromal proliferation and they contribute to
tumor growth (4).

Inhibition of the VEGF-signaling pathway
has emerged as one of the most promising
new approaches for cancer therapy. It has
beenintensively evaluated in the last decade
and 5 years ago a clear clinical benefit
has been demonstrated. VEGF-targeted
therapy has been shown to be efficacious
as a single agent in renal cell (RCC) (3.5-6)
and hepatocellular carcinoma (HCC) (7);
moreover, anti-VEGF therapy combined
with chemotherapy was associated with
a clear and statistically significant clinical
outcome compared with chemotherapy
alone in patients with metastatic colorectal
cancer (CRC) (8), non-small-cell lung cancer
(NSCLC) (9) and breast cancer (BC) (10). Such
an anti-angiogenic therapy affects numerous
cell types within the tumor microenvironment
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Table 1.

Inhibitory cancentrations (kinase IC 50 in nanomoles) for pazopanib and other multitargeted tyrosine kinase inhibitors

studied in RCC (13).

Drug VEGFR1 VEGFR2 VEGFR3 PDGFRa PDGFRf KIT FLT3 RET RAF
Pazopanib 10 30 47 71 84 74 >1000 >1000 NA
Sunitinib 10 10 10 5-10 10 13 1-10 100-200 NA
Sorafenib NA 90 20 50-60 50-60 68 46 100-150  5-10
Axitinib 0.1 0.2 0.1-0.3 5 1.6 1.7 >1000 >1000 NA

(endothelial cells, haematopoietic progenitor cells, dendritic
and tumor cells) and influences vascular function (flow
and permeability), in addition to blocking further new blood
vessel growth (1). The action of VEGF-targeted therapy
might be dependent on tumor type; indeed, in RCC, the
inactivation of the von Hippel-Lindau tumor suppressor
gene is associated with the constitutive activation of hypoxia
inducible factor-1a (HIF-1a) gene which, subsequently, leads
to the transcription of multiple hypoxia-induced genes and
induces the expression of VEGF and PDGF, two important
elements for tumor growth and progression (2,11).

VEGF-targeted agents that have been developed include
neutralizing antibodies to VEGF or VEGFRs, soluble VEGF
receptor or receptor hybrids and tyrosine kinase inhibitors
(TKIs) with selectivity for VEGFRs (1). Different agents,
such as bevacizumab (a humanized monoclonal antibody
that neutralizes VEGF) and multikinase inhibitors, such
as sunitinib (Sutent, Pfizer, active against VEGFR-1,-2,-3,
PDGFR, c-kit and FLT3) and sorafenib (Nexavar, Bayer/
Onyx, active against VEGFR-2,-3, PDGFR, c-kit, FLT3 and
RAF) have demonstrated improved overall survival (0S)
and disease-free survival (DFS) in patients suffering from
CRC, NSCLC, BC. RCC, HCC (1,3.5,7-10.12) and. thus they
are currently approved (both by the FDA and EMEA) for
clinical use.

Pazopanib (indazolylpyrimidine [5-({4-[2,3-dimethyl-2H-
indazole-6-yl) methylamino] 2-pyrimidinyl} amino)-2methyl-
benzenesulfonamide; Votrient: Glaxo Smith Kline, UK) is
an orally bioavailable second generation multitargeted
tyrosine kinase inhibitor (13) targeting VEGFR-1, -2 and -3,
PDGFR and c-kit tyrosine kinases. Pazopanib has shown
clinical benefit in a variety of tumors, including RCC (where
it is FDA approved for clinical use) (14), NSCLC (15,16),
soft tissue sarcomas (STS) (17), cervical (18) and breast
cancer (19).

Pazopanib was found to be selective against a panel of
kinases when compared with other clinically available
multitargeted TKls (Table 1) (13).

RENAL CELL CARCINOMA (RCC)

At presentation, almost up to 30% of patients with renal
cell carcinoma have a poor prognosis since they present
with locally advanced and practically inoperable disease,
or with distant metastases. In addition, approximately 40%
of patients treated for localized disease will eventually
develop clinical recurrence (20). Although a large proportion
of RCC patients require systemic therapy. the fact that
RCCs have high levels of expression of the multi-drug
resistance protein P-glycoprotein makes them resistant to
most chemotherapy agents. A growing understanding of
the underlying molecular biology of RCC has established
the VEGF pathway as a relevant therapeutic target. To date,
the VEGF and the mTOR signal transduction pathways have
been utilized for the treatment of RCC (21).

Renal cancer research has evolved. Significant and long-
awaited advances in the treatment of advanced RCC
occurred over the past few years. Sunitinib, sorafenib,
temsirolimus, bevacizumab/INF, everolimus and pazopanib
have demonstrated major improvements in clinical benefit
with manageable side effects (2,13,20).

Pazopanib was initially tested in /n vitro studies, and
subsequently, in several preclinical Phase [, I, and I
studies, both as monotherapy and in combination with
other agents, providing insight into its different properties
and possible future uses (4,13). The first phase | study of
oral pazopanib in patients with advanced-stage refractory
solid tumors (NCT00060151) published by Hurwitz et al.,
(22) was designed to define the safety profile and the
pharmacokinetics of the drug after single- and multiple-
dose administration. In this phase | dose escalation study a
steady state concentration of pazopanib of =40 umol/l was
targeted (13.22). Sixty-three (dose escalation, n=43; dose
expansion, n=20) patients with solid tumors including RCC,
STS., CRC, neuroendocrine tumors, BC and NSCLC were
enrolled into sequential dose-escalating cohorts (50 mg
three times weekly to 2,000 mg once daily and 300-400
mg twice daily). Escalation or de-escalation was based
on toxicities observed in the preceding dose cohort. The

July 2010



34 / FCO/Anti-tumor activity of Pazopanib

Tahle 2.

Primary Efficacy and Response Rates of a phase Il randomized discontinuation trial of pazopanib in patients with

metastatic clear-cell RCC (23,24).

Response Rate n (%)

Independent Review

Responses (n=225)

Investigator assessment

Complete Response 3 (1.3%) 2 (0.9%)
Partial Response 75 (33.3%) 74 (32.9%)
Stable Disease 101 (44.9%) 95 (42.2%)
Progressive Disease 24.(10.7%) 37 (16.4%)

Not Evaluable 22 (9.8%) 17 (7.6%)
Response Rate (CR+PR)

Overall Population 78 (34.7%) 95%Cl, (26.1%-41%)
(N=225) 76 (33.8%) 95% Cl, (27.6%-40%)

mean plasma pazopanib AUCO-24, the Cmax, and the C24
values were similar after daily administration of doses of
800 to 2,000 mg. These results suggest that increasing the
pazopanib dose to >800 mg once daily is not likely to result
in consistently greater plasma concentrations when the
one-day schedule was used. Four patients experienced
DLTs. Sixty-one (97%) patients experienced at least one
adverse event (AE) and 48 (76%) patients experienced
drug-related AEs. The most frequently reported drug-
related AEs were hypertension (33%), diarrhea (33%). hair
depigmentation (32%), and nausea (32%). Overall, pazopanib
was well tolerated and no treatment-related deaths were
reported. Three patients achieved partial response (PR), of
whom two with RCC. Fourteen patients achieved a prolonged
stable disease (SD) of =6 months. Based on the safety
profile, the saturation in exposure and the achievement
of a threshold concentration that seems to be correlated
with clinical activity, the 800-mg once-daily administration
was decided to be evaluated in future studies (22).

A multinational Phase Il randomized discontinuation trial
of pazopanib (VEG102616) in patients with metastatic
clear-cell RCC has been recently reported (23). A total of
225 patients (67% were treatment-naive and 33% had failed
one prior therapy) received pazopanib (p.o.) at the dose
of 800 mg/day for 12 weeks, at which point patients who
had SD were randomized 1:1 to continue pazopanib or
receive placebo. Among the first 60 enrolled patients, an
independent review board documented PR in 40% and SD in
427 of the patients after 12 weeks of treatment. Based on
the significant level of "early” activity, the independent data
safety monitoring committee recommended discontinuation
of the randomization part of the trial and, subsequently,

all patients received pazopanib. The final analysis by an
independent review revealed a clinical benefit rate of
79.5% [CR+PR+SD], with three confirmed CRs and 33.3%
of patients achieving a PR (Table 2) (24).

The median duration of response was 68 weeks and
the median time to response 12 weeks, as assessed
by an independent review. Most common AEs included
hypertension, hair color changes, transaminase elevation,
diarrhea, nausea and fatigue (23, 24).

A randomized, placebo-controlled, multicenter international
phase Ill (VEF105192) study evaluating pazopanib in
treatment-naive or cytokine-pretreated patients with
advanced RCC has also recently completed accrual (14).
In this study, patients (N=400 planned) were stratified and
randomized (2:1) to pazopanib 800 mg/day or placebo. A
total of 233 treatment-naive and 202 cytokine-pretreated
patients were enrolled (290 pazopanib; 145 placebo). The
primary end-point was progression-free survival (PFS)
based on independent review and secondary end-points
included QOS, response rate (RR), and safety. PFS was
significantly prolonged with pazopanib in the entire study
population (9.2 vs 4.2 months; HR: 0.46; 95% Cl. 0.34, 0.62;
p<0.0000001), in treatment-naive patients (11.1 vs 2.8
months; HR: 0.40; 95% CL: 0.27, 0.60; p<0.0000001), and in
cytokine-pretreated patients (7.4 vs 4.2 months; HR: 0.54;
95% Cl: 0.35, 0.84; p<0.001). RR was 30% with pazopanib
(and 3% with placebo) and median duration of response was
58.7 weeks. Median duration of exposure was 7.4 months
for pazopanib and 3.8 months for placebo. The majority
of AEs were grade 1 or 2 (diarrhea, hypertension, hair
color change, nausea, anorexia and vomiting). The most
common laboratory abnormality was ALT and AST elevation.
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Table 3.

Primary Endpaint: Volumetric Response Rate at End of Treatment (24).

All treated (N=35) Evaluable (N=30)

Responders 2 2

Non —Responders 33 28
Response Rate (Responder) 5.7 6.7

95% Confidence Interval (0.7-19.2) (0.8-22.1)

Evaluable: subjects on therapy for at least 12 weeks but no mare than 6 weeks with hath the pre- and post-treatment HRCT scans

Responder: subjects achieving at least 50% tumor valume reduction from baseline

The conclusion is that pazopanib monotherapy was well
tolerated and demonstrated a significant improvement in
PFS and RR compared to placebo. Final OS results are
awaited (14).

Based on these positive results, the European Medicines
Agency (EMEA) approved pazopanib as an oral therapy for
patients with advanced and/or metastatic RCC.

Patients with progressive disease on placebo were included
in an open-label extension study (VEG107769) of pazopanib
800 mg/day (25). The primary end-point of this study was
safety and secondary end-points included RR (according
to the RECIST criteria) and PFS. Among the 70 placebo-
treated (plus one pazopanib patient as an exemption due
to symptom improvement) enrolled patients, 21 (30%) had
died, 40 (56%) discontinued pazopanib and 31 (44%) were
still on pazopanib. Most patients died or discontinued
pazopanib due to PD. The majority of AEs (hypertension,
hair color changes, diarrhea, anorexia and nausea) were
grade 1-2. Grade 3 and 4 AEs were reported in 21% and
7% of patients, respectively. The most common grade 3
chemistry laboratory abnormalities were hypernatremia
and elevated ALT and AST. RR was 32.4% (95% Cl: 21.5-
43.3) and the median PFS 8.3 months (95% Cl: 6.1-11.4).
The conclusion of this expansion access program was that
patients with advanced RCC who developed PD on placebo
in the above mentioned phase Il study, achieved clinical
benefit when pazopanib was administered (25).

Another phase lll trial comparing pazopanib with sunitinib
in patients with treatment-naive RCC is ongoing and results
are awaited (11).

MONOTHERAPY REGIMENS IN OTHER NEOPLASMS
Hepatocellular cancer (HCC)

A phase | trial (NCT00370513) of pazopanib, published
to date in abstract form, enrolled 21 Asian patients with
advanced HCC, a highly vascular tumor with increased

levels of angiogenic factors (26). The maximum tolerated
dose (MTD) was determined at 600 mg once daily. Although,
the abstract of this phase | trial was not focused on activity,
nevertheless, preliminary evidence of efficacy was provided.
Best response was PR in two patients (7%) but SD lasting
for >4 months was reported in 11 patients (41%). The
median TTP was 137.5 days and the median PFS for the
whole study population 17.7 weeks (95% Cl: 11.9-23.9). The
pharmacokinetic study in ascending doses of pazopanib
in advanced HCC found that C24 values of at least 15ug/
ml were achieved across the dose range of 200 mg q.d.
to 800 mg g.d. (26).

Breast cancer (BC)

The activity of pazopanib in recurrent or metastatic breast
cancer was evaluated in a phase Il study (19); 21 patients
(67% ER positive and all HER-2 negative) received pazopanib
800 mg/day. A PR was observed in one (5%) patient and
SD in 11 (58%); the clinical benefit rate (CR, PR or SD
for=6 months) was 26%. The median TTP was 3.7 months
and the estimated PFS at 3 and 6 months 55% and 28%,
respectively. AEs were grade 3/4 elevations in AST (14%)
and ALT (10%) and grade 3 hypertension and neutropenia
(14% each). Other common AEs were grade 1-2 lymphopenia,
neutropenia, diarrhea, fatigue, skin hypopigmentation,
hypertension, nausea, vomiting, anorexia and headache.
The study concluded that pazopanib is well tolerated and
active in pretreated breast cancers with a SD rate and
TTP comparable to other active agents in this setting (19).

Non-small cell lung cancer (NSCLC)

A phase Il open-label multicenter clinical trial evaluated
the safety and efficacy of pre-operative administration of
pazopanib (800 mg/day orally for 2 to 6 weeks followed by
a 7-day washout period prior to surgery) in 35 treatment-
naive patients with resectable NSCLC (adenocarcinoma
60%: squamous cell carcinoma 117%) (15,16,24). The primary
end-point was volumetric response rate (VRR) defined as
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the percentage of patients with a tumor volume reduction
of at least 50% (Table 3) (24).

Secondary objectives included ORR and safety. According
to the RECIST criteria, the ORR was 6.7% in the evaluable
population and 5.7% in the all treated population with 2 PRs,
respectively. Neither group achieved a CR. Although target
VRR was not met, reductions in tumor volume from 0.71%
to 85.79% were observed in 85.7% of the subjects. Most
commonly reported AEs were hypertension, diarrhea, fatigue,
nausea, ALT increase, headache and hair color changes.
Five patients were withdrawn from study medication, four
due to AEs and one for other unreported reasons (15,16).

Soft tissue sarcomas (STS)

Pazopanib (800 mg/day orally) has also been explored in
the context of a phase Il clinical trial in 142 patients with
intermediate or high grade advanced or metastatic STS
who were not eligible for chemotherapy or had received
a maximum of two single cytotoxic agents for advanced
disease (17). The progression-free rate at 12 weeks
(PFR12weeks) was chosen as the primary end-point.
Secondary end-points included overall PFS, RR, 0S and
safety. Synovial sarcomas, adipocytic STS, leiomyosarcomas
and other STS comprised the four different strata that were
studied. The adipocytic STS stratum was closed after the
first stage due to insufficient activity (PFR12weeks 26%;
five out of 19 patients). PFR12weeks was 44% (18 out of
41 patients) in the leiomyosarcomas cohort, 49% (18 out
of 37 patients) in the synovial sarcomas cohort and 39%
(16 out of 41 patients) in the other STS types. PFS and 0S
were prolonged in the three cohorts in whom the primary

Table 4.

All-tumors published phase Il trials” data.

end-point was reached. A PR was achieved in nine patients
(one with leiomyosarcomas, five with synovial sarcoma and
three with other types). The most frequent drug-related
AEs included hypertension, fatigue, hypopigmentation and
nausea. Other toxicities included liver enzymes elevation,
myelosuppression and proteinuria, all of which were mostly
grade 1 to 2. The results of this trial strongly suggest that
pazopanib has interesting antitumor activity in pretreated
patients with STS; based on this data a double-blind
placebo-controlled phase Il trial of pazopanib in patients
with different STS types has been initiated (17).

In addition, in a recent case report, an impressive tumor
regression was noted in a patient with metastatic Merkel
cell carcinoma when treated with pazopanib (27).

Ovarian cancer

Pazopanib has also been evaluated in 35 women with non
bulky epithelial ovarian, fallopian tube and primary peritoneal
cancers who relapsed following prior platinum-based
chemotherapy (28). All patients had received 1 to 2 previous
chemotherapy regimens; 39%, 33% and 28% of the patients
had relapsed in <6 months, 6-12 months and >12 months
after the previous chemotherapy regimen, respectively.
Evaluation of response showed that pazopanib induced a
>50% decrease in CA125 serum levels in 11 of 35 evaluable
patients (31%) with a median time to response of 29 days
and a median duration of response of 113 months (28).

Thyroid cancer

Pazopanib has been evaluated in 32 patients with advanced
and progressive radioiodine insensitive differentiated thyroid

Phase Il trials PR SD RR TIP PFS3mo  PFS6mo  >507 decrease in CA125  >507 decrease in TGA
BC (21 pts) (19) 9% 58k 26% 3.7 mo 5% 28%

NSCLC (35 pts) (pre-operative 6.7%

administration) (15,16,24)

ADVANCED OR METASTATIC STS

(142 pts) (17)

leiomyosarcomas L4Y,

synovial sarcomas 49%

other STS 39%

adipocytic STS 26%

OVARIAN CANCER (28) 113 mo 31

THYROID CANCER (29) 19%

MULTIPLE MYELOMA (30.31)

697
Absence of efficacy
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cancers that could have received up to 2 previous therapies.
Five (19%) from the 26 evaluable patients developed PR;
in addition, the thyreoglobulin (TGA) serum levels which
were increased in 11 (69%) of 16 patients before treatment
declined by >50%, whereas no patient with normal TGA
levels before treatment experienced an increase (29).

Multiple myeloma (MM)

Pazopanib, by inhibiting VEGFR, is associated with a
decreased in vivo growth of MM cells due to increased
cell apoptosis and decreased angiogenesis, leading to
prolonged survival in a mouse xenograft model of human
MM (30,31). Preclinical data also demonstrates synergistic
toxicity of low dose pazopanib with conventional and
novel anti-multiple myeloma therapeutics. However,
when pazopanib has been evaluated in 21 patients with
extensively pre-treated MM, no objective response (CR,
PR or SD) was observed and 10 patients experienced PD
in the first 6 weeks. The absence of efficacy is consistent
with the poor results obtained by other VEGFR inhibitors
in MM (30.31).

Table 4 concentrates data from all-tumors published
phase Il trials.

COMBINATION REGIMENS
Combinations with lapatinib

As already mentioned above, pazopanib is an oral
angiogenesis inhibitor targeting VEGFR, PDGFR and
c-kit. Lapatinib, is an oral tyrosine kinase inhibitor of EGFR
(ErbB1) and HER-2 (ErbB2). The combined VEGFR, PDGFR
and ErbB1-2 inhibition could provide synergistic antitumor
activity in some neoplasms, such as breast and cervical
cancer and malignant gliomas (18,32-34).

Breast cancer (BC)

In a phase Il multicenter, open-label, randomized clinical
trial (NCT00347919), pazopanib was evaluated in combination
with lapatinib versus lapatinib monotherapy in 141 patients
with HER-2 positive advanced/metastatic breast cancer
(32,33). Women with stage Ill/IV invasive HER-2 positive BC,
with no prior chemotherapy or anti-HER-2 therapy were
randomized to receive pazopanib 400 mg plus lapatinib
1000 mg once daily (69 patients) or lapatinib 1,500 mg once
daily (72 patients). The primary end-point was progressive
disease rate (PDR) at week 12 and secondary end-points
included response rate at 12 weeks, time to response,
response duration and OS. The PDR was 15.9% for patients
receiving pazopanib plus lapatinib and 37.4% for those on
lapatinib monotherapy. The RRs were 36.2% and 22.2%,
respectively. Most of the patients in the combination arm
developed reduction of the target lesions (32.33).

Malignant glioma
The combination of pazopanib and lapatinib in patients

with relapsed malignant glioma was evaluated in a phase
I/l study (34). The phase | part of the study determined
the optimally tolerated regimen (OTR) of the pazopanib/
lapatinib combination when administered with enzyme-
inducing anticonvulsants (EIACs) and indicated that EIACs
decrease the pazopanib and lapatinib plasma concentrations;
the minimum active plasma levels, described in previous
studies for both drugs, were approached at 600 mg bid and
1000 mg bid for pazopanib and lapatinib respectively when
administered concurrently with EIACs. In the phase Il part
of the study, the efficacy of the daily pazopanib/lapatinib
(400 mg/1,000 mg) regimen was evaluated in patients with
relapsed Grade IV gliomas without concurrent administration
of EIACs. As far as the efficacy of the combination is
concerned, PR was achieved in three patients (11%) and
SD lasting for =8 weeks in 13 patients (43%) during the
phase | part of the study (30 pts); moreover, during the
phase Il part of the study (lapatinib 1,000 mg + pazopanib
400 mg once daily; n=41 patients) PR was observed in
three patients and SD (lasting for at least 8 weeks) in 21.
The combination had a manageable safety profile with
a preliminary OTR with EIACs of pazopanib 600 mg bid/
lapatinib 1,000 mg bid and with EIACs decreasing their
plasma concentrations (34).

Cervical cancer

A randomized phase Il trial evaluated the combination of
pazopanib and lapatinib (400 mg/1,000 mg g.d. ascended to
800 mg/1,500 mg q.d. after the first 20 patients) versus 800
mg g.d. pazopanib or 1,500 mg q.d. lapatinib monotherapy
(randomization 1:1:1) in 235 patients with advanced and
recurrent cervical cancer (18). Pazopanib and lapatinib
both demonstrated a favorable toxicity profile. This study
demonstrated a significant prolongation of PFS and OS in
favor of the pazopanib monotherapy arm with a median 0S
of 50.7 vs 39.1 weeks. RRs were 9 and 5% for pazopanib
and lapatinib, respectively (18).

Other combinations
Phase | combination trials in solid tumors

The combination of pazopanib (400 to 800 mg/day orally)
and paclitaxel (15 to 80 mg/m? on days 1, 8 and 15
every 28 days) was evaluated in a phase | clinical trial
in 25 patients with advanced solid tumors including BC,
esophageal cancer and NSCLC. The maximum tolerated
doses were defined at 800 mg for pazopanib and 80 mg/m?
for paclitaxel with five out of 16 patients experiencing PR
and 10 patients experiencing SD for at least 12 weeks. The
pharmacokinetic results indicated that pazopanib increases
the mean paclitaxel AUC (the mean area under the plasma
concentration) and Cmax by 45 and 40% respectively (35).

Pazopanib was also assessed in a phase | trial (NCTO0387387)
in combination with FOLFOX 6 (oxaliplatin, 5-fluorouracil
and folinic acid) or CapOX (capecitabine and oxaliplatin) in
patients with previously untreated advanced or metastatic
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colorectal cancer and adequate organ function (36). Patients
were assigned to pazopanib with FOLFOX 6 or CapOX with
escalated doses of pazopanib starting at 400 mg daily. The
optimal tolerated regimen (OTR) was the combination
dose at which <1/6 patients experienced dose-limiting
toxicity and was achieved at 800 mg pazopanib with full-
dose FOLFOX 6 and at 800 mg pazopanib with CapOX
when capecitabine was reduced to 850 mg/m? twice daily.
Efficacy and pharmacokinetic analyses are ongoing (36).

Several phase | combination therapy trials are ongoing and
actually evaluate different pazopanib-based combinations.
The NCT00678977 trial investigates the combination of
pazopanib with gemcitabine and gemcitabine plus cisplatin
in patients with advanced solid tumors (expected accrual
n=39 patients); other studies evaluate the combination
of pazopanib with irinotecan and cetuximab in patients
(n=40) with CRC (NCT00540943), pazopanib with epirubicin
or doxorubicin in advanced solid tumors (NCT00722293),
whereas, the NCT00619424 trial compares the pazopanib/
erlotinib combination with the pazopanib/pemetrexed
combination in patients (n=55) with advanced solid tumors
(21.24).

In Table 5 combination trials of pazopanib with other
targeted and/or chemotherapeutic agents and respective
tumors are summarized.

DISCUSSION

Pazopanib (Votrient) is a multi-target tyrosine kinase inhibitor
of VEGF -1, -2, -3, PDGFR —a and -3 and c-kit tyrosine kinases.
It has demonstrated encouraging antineoplasmatic activity
in different tumor types with tolerable and manageable
toxicity (4).

Phase | studies of pazopanib as monotherapy and in
combination with other agents in patients with advanced
solid tumors have reported encouraging activity. Based

Table 5.

Combination trials of pazopanib.

COMBINATION TRIALS

Pazopanib + lapatinib (phase II) (32.33)

Pazopanib + lapatinib (phase I/1l) (34)

Pazopanib + lapatinib (phase II) (18)

Pazopanib + paclitaxel (phase I) (35)

Pazopanib + FOLFOX or CapOX (phase I) (36)

Pazopanib + gemcitabine (phase 1) (21)

pazopanib + irinotecan + cetuximab (phase I) (21)

pazopanib + epirubicin or doxorubicin (phase I) (21)

Pazopanib + erlotinib vs pazopanib + pemetrexed (phase |) (21)

on the safety profile, the saturation in exposure and the
achievement of a threshold concentration which is correlated
with clinical activity, the 800-mg once-daily administration
was decided to be considered for phase |l trials (4,13,21-
22.24). Moreover, phase Il clinical trials of pazopanib (either
as monotherapy or in combination with other drugs) have
reported interesting results with a favorable tolerability
profile (17-19,23-24). Finally, a randomized phase Il study
of pazopanib versus placebo in patients with advanced
RCC demonstrated that the administration of pazopanib
was associated with a significant clinical benefit both in
terms of PFS and ORR (14,25). In all studies pazopanib has
been associated with an acceptable toxicity profile. Liver
function abnormalities, hypertension, diarrhea, hair color
change and nausea were the most frequent side effects.

Until recently, interferon A2 and IL-2 were the only available
drugs with proven efficacy against metastatic RCC (5).
Improved understanding of the biology of RCC led to the
development and approval of several new drugs such
as sunitinib, sorafenib, temsirolimus and everolimus for
the treatment of metastatic RCC; however, none of them
Is associated with significant rates of long-term disease-
free survival (1,3,5,12). Further clinical research led to
the discovery of pazopanib, a drug that received FDA and
EMEA approval for the treatment of patients with advanced
RCC. with the recommended dose of 800 mg orally once
daily without food (22). Besides that, pazopanib has shown
encouraging efficacy results in other tumor types, such as
BC (19), CRC (36). HCC (26), NSCLC (15-16), multiple gliomas
(34), fallopian tube, ovarian and peritoneal tumors (28), STS
(17), cervical cancer (18) and other solid tumors. As far as
RCC is concerned, pazopanib is already incorporated in
our daily therapeutic choices; it is probable that, soon, it
will be approved for other types of cancer as well, giving
us more options for the benefit of our patients (4).

TUMORS

HER-2 positive advanced or metastatic breast cancer patients
Relapsed malignant glioma

Advanced or recurrent cervical cancer

Advanced solid tumors (BC, esophageal cancer, NSCLC)
Previously untreated advanced or metastatic CRC

Advanced solid tumors

CRC

Advanced solid tumors

Advanced solid tumors
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Cancer cachexia syndrome: a review

loannis Gioulbasanis, Panagiotis Vlachostergios, Athanassios Zafiriou, Christos Papandreou

Abstract: Cancer cachexia syndrome is a clinical entity often observed in patients with
neoplastic diseases and characterized by loss of muscle mass, leading to increased
morbidity, quality of life deterioration, reduced tolerance and response to treatment
and shortened survival. The syndrome is often under-diagnosed due to lack of clinical
suspicion, particularly in patients with elevated body mass index.

Recently, a new scientific definition as well as diagnostic criteria have been proposed,
including - but not limited to - weight loss. The use of screening questionnaires as well
as computed tomography image analysis software for the quantification of muscle and fat
body composition are expected to further enhance diagnosis and response to treatment
assessment.

The principal pathophysiological features of the cancer cachexia syndrome include
abnormalities in energy intake-waste balance, presence of inflammation, and an altered
lipid and muscle metabolism favoring lipolysis, reduced muscle synthesis, and increased
muscle degradation.

Although no therapeutic interventions may, thus far, be considered successful, a better
combination of existing treatment modalities based on randomized clinical trials, as well
as the development of innovative pharmacological agents is expected to lead to a more
effective and beneficial therapeutic approach for these patients.

Key words: Cancer, cachexia, sarcopenia, inflammation, cytokines.

INTRODUCTION hyperthyroidism and has increased morbidity”.

Introduction — definition

The term “cachexia” is a composite word, first
used by Hippocrates to describe patients in
poor clinical condition. Even after all those
years of progress in biomedical sciences,
the underlying mechanisms responsible for
the pathogenesis of this syndrome have not
been fully elucidated and there has been a
long-going debate about its exact definition.

Finally, a uniform agreement on a clinical
determination of the syndrome was reached
as late as 2008 (1). According to that, “cachexia
is a complex metabolic syndrome associated
with underlying diseases and characterized
by loss of muscle mass with or without
loss of fat tissue. The principal clinical
feature in adults is weight loss (corrected
for fluid retention) while in children growth
restriction is the most frequent clinical finding
(with the exception of endocrine-related
disorders). Anorexia, inflammation, insulin
resistance and muscle degradation are
often related to cachexia. However, cachexia
is different from starvation, age-related
muscle loss, depression, malabsorption and

Evidently, this definition is not specific for
cancer cachexia but is relevant to all end-
stage diseases potentially implicated as
causative factors such as heart failure, chronic
obstructive pulmonary disease, acquired
immunodeficiency syndrome, etc.

Diagnosis and incidence of cachexia

The same authors (1) propose the following
diagnostic criteria for cachexia:

Weight loss >5% during <12 months
(or BMI <20 kg/m?) and 3/5 of:

1. Reduced muscle strength
2. Fatigue

3. Anorexia

4. Low free fat index

5. Abnormal lab values:

I.Increased inflammation markers
[C-reactive protein (CRP), interleukin
(IL)-6]

ii. Anemia (Hb <12 g/dL)
iii. Low serum albumin (<3.2 g/dL)
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Based on the classic study by Dewys et al. (2) in the early
‘80s, >5% weight loss may occur in up to 80% of late-stage
cancer patients, is correlated with poor prognosis and
constitutes the major cause of death in 20% of said cases,
due to respiratory muscle degradation and respiratory
failure (3). Syndrome incidence is greater in patients with
lung and gastrointestinal cancers (4.5).

In clinical practice, the percentage of weight loss during
a set period of time is usually the only screening tool
currently in use, either for prognostic purposes or for
decision making on starting nutritional interventions.
However, monitoring of this parameter alone, irrespective
of existing discrepancies in the exact values and time
interval necessary for treatment (6), appears as a rather
simplified diagnostic approach (7).

Nutritional status assessment may be better supported by
the use of specific screening questionnaires (7.8), such as
Patient-Generated Subjective Global Assessment (PG-SGA)
(9) and Mini Nutritional Assessment (MNA) (10), combining
subjective data with objective measurements. Recently
we suggested that MNA may have a better predictive and
prognostic value compared to percentage (%) of weight
loss as baseline nutritional evaluation in patients with
metastatic lung cancer (11).

Sarcopenic obesity

Intriguingly, the most important reason for under-diagnosis of
cachexia is increased body weight which is also responsible
for increased cancer risk (12). In these cases, muscle
degradation is masked under a fat tissue layer without
being practically detectable (13). This results from the
progressive loss of muscle mass at a level greater than
2 standard deviations (SD) from the median age-adjusted
value (14) - this is a common definition of sarcopenia — and,
simultaneously, a body mass index (BMI) value so high
that would never raise clinical suspicion of malnutrition.

Recently, the development of software that enables analysis
and accurate calculation of muscle and fat tissue mass
has evolved from computed tomography imaging (15). In
a study involving patients with pancreatic cancer, only 10%
of patients could be considered malnourished based on
classic criteria, but the same group of patients was found
over 55% when calculated using muscle mass as an index
(13). Sarcopenia in overweight patients is correlated with
poor survival (15) as well as increased treatment-induced
toxicity (16).

Pathophysiology of cancer cachexia (Figure 1)

The energy balance in cachexia

As in all thermodynamic systems, total body mass is
regulated by the balance between energy intake and

consumption. The most important pathophysiological
disorders in cachexia result in aberration of this balance.

Anorexia

Anorexia is defined as loss of the desire to eat (loss of
appetite). However, even in this case, diagnosis is not
completely clear (17). The use of visual analogical scales
is a useful epidemiological tool, but does not seem to be
very reliable particularly in cases with only minor loss of
appetite (18). Alternatively, assessment of anorexia could
be based on the analysis of secondary symptoms related
with reduced food intake (19). Thus, patients suffering
from at least one of the following symptoms, without any
other evident cause, may be characterized as anorectic:

1. Early saturation

2. Taste alterations

3. Smell alterations

4. Meat consumption repulsion
5. Nausea/Vomiting

It has been calculated that 50% of patients exhibit feeding
problems at diagnosis (2), which is even higher at later
stages of the disease (20).

Many factors are implicated in the syndrome’s
pathophysiology, mainly peripheral signals, particularly
hormones like insulin, leptin and ghrelin, as well as
energy signals such as malonic coenzyme A, which
is increased due to abnormal fatty acids metabolism
leading to reduced food intake (17). Peripheral signals
being detected in hypothalamic centers may trigger or
inhibit energy intake (21). There are indications that these
pathways are disrupted during cancer cachexia, partly due
to the presence of cytokines, such as interleukin (IL)-6,
tumor necrosis factor (TNF)-a and interferon (INF)-y (17).
Recent data support the presence of “micro-inflammation”
in the aforementioned brain centers (22).

Nonetheless, the presence of anorexia alone could not
entirely explain the changes in body composition during
cachexia (23). For instance, body weight loss observed
in anorexia is mainly caused by fat loss, whereas in
cancer cachexia equal amounts of fat and muscle mass
are lost (24). This means that syndrome reversal may
not be possible with simple calorie replenishment (23).
In contrast, anorexia caused by anticancer treatment
responds to nutritional dietary supplements (25), which
translates to better survival rates (26).

The energy expenditure

Seventy percent of the totally expended energy is lost
during non-stress conditions. It is modified according
to the tumor primary site (e.g. it increases in lung and
pancreatic cancer but remains unaffected in gastric and
colon cancer) (27) and increases in end-stage patients (28).
Depression is often observed in patients with pancreatic
cancer (29) and results in reduction of physical activity
and therefore of voluntary energy loss (30), at the cost
of quality of life.
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Figure 1.

Pathophysiology of cancer cachexia.
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It seems that increased energy loss under non-stress
conditions is due to increased thermogenesis in cinereous fat
tissue and muscles. This is caused by activated unconjugated
proteins (UCPs) located in the inner mitochondrial membrane
that participate in the proton flow and control the production
of free radical species (23). There are indications that
certain cytokines and tumor factors (e.g. lipid mobilizing
factor, LMF) are able to modify UCP levels (23).

The role of “unprofitable” biochemical cycles

Most cancer cells use glycolysis as the only way of ATP
production (also known as Warburg process) (31) and this
is caused by mitochondrial dysfunction due to mitochondrial
DNA mutations (32).

Moreover, hypoxia and activation of hypoxia inducible
factor (HIF)-1 promote the activation of glycolytic enzymes
(33) while at the same time inhibit the action of pyrouvate
dehydrogenase resulting in the production of lactic acid
instead of acetyl-coenzyme A (34). This is an extremely
energy-wasting process, demanding a 40-fold higher supply
of nutritional elements for the production of the same
number of ATP molecules as under aerobic conditions
(39). It has been calculated that this process results in
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Primary anorexia

Altered lipid metabolism
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additional loss of 300 kcal/day in cancer patients (36).

Furthermore, glycerol produced by the hydrolysis of
triglycerides, and amino-acids as constituents of muscle
proteins produced by neoglycogenesis, offer lower amounts
of energy (23). Due to the coexisting insulin resistance,
the process of neoglycogenesis is not subjected to an
analogous negative regulation (37).

Acute phase inflammatory response

The presence of acute phase inflammatory response,
often confirmed by increased CRP levels (CRP>10 mg/l), is
associated with reduced survival in patients with cachexia
(38). An important role is played by soluble mediators,
particularly pro-inflammatory cytokines (39), which are
produced as a response from leukocytes infiltrating the
tumor microenvironment (40). The inflammatory response
is also related with the production of free radical species
which may further promote cytokine production (41).

Although the exact mechanism through which the acute
phase inflammatory reaction leads to muscle atrophy
is not clear, it is possibly related with a change of liver
metabolism during which muscle degradation products
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are used to generate acute phase proteins (42). It has
been calculated that the degradation of 2.6 g of muscle
protein is required to produce only 1 g of fibrinogen (43).
In a study of pancreatic cancer patients with cachexia it
has been demonstrated that calorie replenishment as a
sole dietary intervention is not only ineffective but may
even worsen the overproduction of fibrinogen by the liver,
resulting in further loss of muscle mass (44).

Lipid metabolism

The loss of fat tissue is mostly caused by increased lipolysis
resulting in the increased production of glycerol and free
fatty acids (45). However, the extent of lipolysis could not
be explained solely by the tumor energy needs (23).

Interestingly, a glycoprotein termed zing a2-glycoprotein
(ZAG) has been isolated from the urine of patients with
cachexia, sharing great homology with LMF which was
initially identified in an adenocarcinoma mouse model
(46). These glycoproteins promote lipolysis through cyclic
mono-phosphate adenosine (cAMP) (47). Eicosapentaenoic
acid (EPA), which has been used as a treatment for
cachexia, seems to reduce lipolysis through attenuation
of the action of ZAG (48).

The cytokines TNFa, INFy and IL-13 seem to play a less
important role by inhibiting the action of lipoprotein
lipase which normally hydrolyses fatty acids from plasma
lipoproteins to enable their storage in lipocytes (49).

Muscle mass

The reduction of muscle mass observed in cachexia stems
both from decreased synthesis and increased muscle
degradation. This is the principal cause responsible for
the poor survival of patients with cachexia (50).

Muscle synthesis

Reduced protein synthesis has been described in mouse
models with or without cachexia suggesting that it constitutes
an independent mechanism (51).

The combination of two pro-inflammatory cytokines, TNFa
and INFy, reduces expression of transcription factor MyoD
resulting, in turn, in reduced production of heavy chain
myosin (52).

Furthermore, alterations have been observed in patients
with cachexia with regard to the eukaryotic initiation factor
2 (elF2) phosphorylation status which exerts a translational
regulatory role in myosin synthesis (23).

From a treatment-oriented point of view, the role of lateral
chain amino-acids seems to be important, particularly
leukine (53), which abrogates the effect of an elF2 kinase
(54). Whether the use of such agents has any effect on
tumor growth rate has not been fully clarified, although
there are several indications suggesting that this may not
be the case (59).

Muscle degradation

There are three systems involved in muscle degradation:
the lysosomal system, the intracellular calcium release
system and the ubiquitin-proteasome system, which is
particularly important in patients with severe weight loss
(56). In contrast, during the early phase of cachexia, the
lysosomal system seems to play a major role (57). An
additional contribution to muscle atrophy is made by
myocyte apoptosis, given the increased activity of certain
caspases (58).

Proteolysis-inducing factor (PIF) is a glycoprotein produced
by tumor cells and modifies proteasome activity through
the activation of nuclear factor-kappa B (NF-«B) (59) while
simultaneously causes cytokine production from monocytes
and Kupffer cells (60). The activation of NF-kB may also
be effected by TNFa (61) and angiotensin Il (62) in a similar
manner, whereas IL-6 possibly promotes muscle mass
loss indirectly, by increasing tumor burden (63).

Finally glucocorticosteroids cause muscle degradation via
the ubiquitin-proteasome system but through a different
mechanism involving the Forkhead box O transcription
factors (FOXO) but not NF-kB (64). Further, they reduce
the signal intensity of the IGF-1/PI3K/Akt pathway resulting
in activation of the lysosomal system (24).

Treatment of cachexia

Today, no treatment may be considered successful in the
management of cachexia. This does not necessarily mean
that there are no effective drugs available but, that, they
may have been used inappropriately (65).

One of the most important prerequisites for a successful

“anti-cachectic” therapy is starting the treatment early,

before the condition becomes irreversible (8,44). Indeed,
the term “pre-cachexia” has been proposed to describe
a condition of limited weight loss not accompanied by
anorexia or signs of generalized inflammatory reaction
(44). Towards this direction it would be really useful to
develop sensitive biological markers. By now, the only
easily measurable biomarker in clinical use is CRP, which
has been extensively studied (38). Other potentially helpful
biological markers could be insulin, cortisol, angiotensin
Il and appetite-regulating hormones, involving leptin and
ghrelin (38).

From another aspect, certain single nuclectide polymorphisms

(SNPs) of genes encoding pro-inflammatory cytokines (66)

or being associated with muscle atrophy (67) are related

to a genetic predisposition for cachexia. Interestingly, such

a polymorphism has been recently described for an anti-
inflammatory cytokine, IL-10 (68).

The ideal target of an anti-cachectic therapy is not clear.
A typical example is the use of megestrol acetate which
acts by increasing appetite and thus increases body weight
but this is mostly due to the accumulation of fat and water
retention, without affecting other clinical parameters (65.69).
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Table 1.

Current and future potential anti-cachectic agents.

Current treatment options

+ Progestagens (Megestrol acetate, Medroxyprogesterone acetate)

- Corticosteroids

Drugs that failed in clinical trials

- Cannabinoids

- Pentoxifylline

- Monoclonal antibodies against cytokines
« Proteasome inhibitors

Promising agents

« Eicosapentaenoic acid (EPA)

- Thalidomide

- Non steroid anti-inflammatory drugs (NSAIDS)
+ Ghrelin

+ Anabolic steroids

- Angiotensin converting enzyme (ACE) inhibitors

It has been made clear by regulatory authorities that the
approval of an anti-cachexia therapy should postulate
the improvement of both body composition and physical
activity (44). The quantification of muscle mass via CT
analysis (16) combined with the use of new, objective
methods of physical activity evaluation (e.g. monitoring of
slight muscle electrical activity [70]) may be truly helpful
in this perspective.

Nutritional support and parenteral feeding

A global healthcare approach of patients with cachexia
necessitates a nutritional evaluation. In a study of patients
undergoing radiation therapy, the contribution of nutritionists
was proven equally or even more important than the use
of high-calorie nutriments (71). There are many different
guidelines among different associations on when parenteral
feeding should be started, depending on clinical experience
and references from specific expert groups (committees).
According to European Society for Parenteral and Enteral
Nutrition (ESPEN) directions, the calorie replenishment
should start immediately in already malnourished patients,
if feeding is not possible for over 7 days and if there is
a reduction of calorie intake greater than 60% for more
than 10 days (72).

Although there are no randomized trials, it is supported that
enteral nutrition in patients with cancer cachexia should
be enriched with fat, given the normal and/or increased
lipid metabolism (73) and the disturbance in glucose
metabolism (37.74). Moreover, there are no clear data

on the minimal protein content of nutriments and various
guidelines suggest an intake of 1.2 to 2 g per kg of body
weight per day (79).

The aim of parenteral nutrition in patients with progressive
weight loss is stabilization and/or improvement of their
nutritional status which would result in maintaining a good
quality of life. This seems to be feasible in the absence
of systemic inflammatory response (25). However, when
inflammation is present, it is extremely difficult to restore
cellular mass by energy supplementation alone (43.44).
In such cases it is supported that any dietary intervention
needs to be combined with pharmacological agents
modifying the inflammatory response (72).

Pharmacological agents (Table 1)

Until now, the only acceptable pharmacological intervention
is the administration of megestrol acetate as its effects
have been extensively studied (at least 15 clinical trials
and a systematic review) in patients with cancer cachexia
(69). Although the exact mechanism of action has not been
fully elucidated, it is believed to involve an excitation of
neuropeptide Y activity, which is part of the hypothalamic
axis of appetite regulation (21), or suppression of pro-
inflammatory cytokine synthesis (76). As mentioned before,
increased appetite and/or weight attained in some of the
studies was due to the increase of fat and water and did
not lead to the expected improvement in quality of life.

Steroids, acting through an increase in appetite, have been
found to improve both food intake and memory of patients
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(77). However, they are responsible for aggravating muscle
degradation and therefore their long-term use should be
discouraged (44).

EPA. which is classified as a polysaturated fatty acid,
inhibits muscle degradation by modulating the action of
PIF-induced NF-kB (78), while simultaneously enabling
fat tissue conservation by reducing ZAG synthesis (46).
Furthermore, though less effective than megestrol acetate,
it seems to promote appetite (79). EPA has been mostly used
in combination with high-calorie nutritional supplements
with some studies showing improvement of food intake
(80) and physical activity (81). However, a meta-analysis
of 5 randomized trials failed to reach a definite conclusion
regarding the role of EPA in patients with cancer
cachexia (82).

In addition, there are other drugs that did not meet the
expected outcomes. Such an example is the use of
cannabinoids (83), which has shown only slight clinical benefit
despite acting through increasing appetite and attenuation
of cytokine production (84). Furthermore, administration of
pentoxifylline, a methylxanthine theoretically intended to
reduce TNFa mRNA levels (85) did not show any efficacy
(86) which was also the case for infliximab, a monoclonal
antibody against TNFa, when administered together with
gemcitabine in pancreatic cancer patients with cachexia (87).

Finally, a study on the use of bortezomib, a proteasome
inhibitor, failed to demonstrate any benefit in cancer
patients with weight loss (88).

Other therapeutic agents have shown some positive
results without leading to safe conclusions. In this
group of drugs, thalidomide promotes the degradation
of TNFa mRNA and inhibits NF-kB-regulated gene
expression (89). Non-steroidal anti-inflammatory drugs
(NSAIDS) reduce the loss of energy under basal, non-
stress conditions and also CRP levels (90). Ghrelinis a
peptide hormone that increases appetite, muscle mass
and intestinal mobility (31). Anabolic steroids promote
protein synthesis, thus positively affecting the nitrogen
balance (92). Angiotensin converting enzyme (ACE)
inhibitors reduce TNFa production by monocytes and
also act on angiotensin Il levels (93).

Based on existing data regarding the pathophysiology
of the syndrome and relevant clinical experience, the
co-administration of enteral nutrition and available drugs
in the context of better designed clinical trials is being
tested. Furthermore, new drugs are being developed
with the aim of inhibiting the action of pro-inflammatory
cytokines, modifying intracellular signals, inhibiting
degradation and promoting synthesis of structural
components (44,49,65,92).
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Abstract: Gastrointestinal perforation is a rare but possibly fatal side effect of bevacizumab
treatment. In this report, we present a unique case of bevacizumab-associated
gastrointestinal perforation with atypical presentation and clinical course that led to the
remarkable finding of a dietary fiber in the lumen of an inflamed ovarian cyst. Our case
report underlines to the physicians prescribing bevacizumab the relatively uncommon
appearance of bevacizumab-associated gastrointestinal perforation and is accompanied

with a concise review of the literature.
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CASE PRESENTATION

A B4-year-old female smoker appeared in
November 2007 with cough, dyspnoea and
haemoptysis. Her chest X-ray revealed a dilated
mediastinum and a left upper lobe mass. Past
medical history included a chocolate cyst of the
ovary and fully treated pulmonary tuberculosis
with residual fibrotic findings on CT scans in
2001. The patient had a chest CT scan that
showed a 3.8 cm tumor in the right middle
lobe with enlarged lymph nodes in the right
hilum and mediastinum, two micronodular
densities in the right lung and one in the left
as well as one lesion in the upper left lobe
consistent with previous TB. At bronchoscopy
there was a fungating mass in the orifice of the
right middle bronchus and enlarged subcarinal
and paratracheal lymph nodes. Biopsies and
cytology revealed adenocarcinoma. Staging
tests that included brain, abdominal and pelvic
MRI, bone scintigraphy and PET/CT scan were
negative for metastatic disease but revealed
some cysts in the liver and one cyst in the left
ovary. The final staging was T2 N3 MX, due
to the uncertain nature of the small nodular
bilateral lesions.

The patient received 3 21-day cycles of
paclitaxel (200 mg/m?) and carboplatin (AUC
6) with bevacizumab (7.5 mg/kg) from cycle 2
onwards, and had CT scans that showed her
to be unresponsive. Therefore the treatment
was changed in January 2008 to pemetrexed
(500 mg/m? every 3 weeks) with folic acid
and vitamin B6 support in combination with
bevacizumab (400 mg/cycle) because it was
considered that after 2 infusions one may not
experience its full benefit.

In the months that followed the patient had
vague, fleeting Gl symptoms of short duration
manifesting with mild abdominal pain and
constipation alternating with diarrhoea that
resolved with conservative treatment. Hospital
admission was needed in one occasion for
persistent constipation and fever but the
patient responded to conservative treatment
quickly. Meanwhile she responded well to
the pemetrexed bevacizumab combination
and it was thus decided to continue with
maintenance therapy with the same regimen
beyond the standard 6 cycles.

Two weeks after completion of the 9th cycle of
pemetrexed (and a total of 11 of bevacizumab)
the patient reported constipation for over
a week. In the following days her clinical
status gradually deteriorated with diffuse
abdominal pain and fever up to 37.8°C and
finally she appeared in the emergency
room with abdominal distension, left iliac
fossa tenderness and signs of peritoneal
inflammation. The patient was admitted and
evaluated by the surgical and infectious
disease teams. She was diagnosed with
incomplete bowel obstruction and treated
empirically with ciprofloxacin, metronidazol
and linezolid for bacterial colitis on the
basis of fever, abdominal tenderness and
a white blood count of 13000/pl with an
absolute neutrophil count of 10400/pl.
The plain abdominal X-rays showed large
amounts of gas and stool in the colon,
loops of distended bowel and an air fluid
level in the rectosigmoid. While on nothing
by mouth and on parenteral nutrition, she
had an abdominal CT scan that showed

FORUM of CLINICAL ONCOLOGY



Articles / 49

Figure 1.
A dietary fiber is clearly depicted
Inside the inflamed ovarian cyst.

distension of an ileal loop adjacent to a solid mass of
unknown origin with associated bowel wall thickening.
An MRI of the abdomen was also performed to rule out
microscopic disease that could have been missed on CT
but there were no additional findings. As the concern
of disease progression in the abdomen persisted, the
patient had a PET/CT scan that showed increased uptake
in the area of the lesion (SUV max 6.3) consistent with
inflammation or possibly a metastatic implant on the
mesentery. The PET/CT was otherwise negative. As the
patient had recently been treated with bevacizumab,
conservative management was continued but her condition
did not improve, so 5 weeks after the last bevacizumab
infusion, an exploratory laparotomy with omentectomy
and excision of the inflamed pelvic mass was performed.
The mass was found to contain gas and pus and there
was inflammation in the surrounding tissues but no
evidence of inflammatory or ischemic colitis. In fact, the
bowel appeared intact.

The pathology report described the lesion as an infected
serous ovarian cystadenoma with accompanying pyosalpinx
along with inflamed segments of omentum, intestine
and peritoneum. There was no evidence of malignancy.
A fiber was identified in the lumen of the cystic mass
(Figure 1). This finding, along with the clinical information
that the lesion was full of gas, led to the conclusion that
there had been communication between the cyst and the
gastrointestinal tract, most likely due to perforation of a
diverticulum and subsequent fistula formation, which had
since closed off and healed.

The patient had an uncomplicated postoperative course
and recovery and was not treated with bevacizumab or
pemetrexed again.

DISCUSSION

Bevacizumab is a humanized monoclonal antibody that
targets vascular endothelial growth factor (VEGF) thereby
acting as an angiogenesis inhibitor and is approved for the
treatment of various forms (1) of cancer. Its use has been
shown to improve overall and progression-free survival in
patients with non-squamous non-small cell lung cancer
(NSCLC) and it is thus approved (2) as first line treatment
along with chemotherapy for this disease.

Reported side effects of bevacizumab include hypertension,
proteinuria, impaired wound healing, increased risk of
haemorrhage and gastrointestinal perforation (3,4). The
latter is a fairly rare complication but can be fatal. It is has
been described in patients with various types of cancer
treated with bevacizumab (5) but the majority of cases
are in colorectal and ovarian cancer. Bowel perforation
has been described in patients on bevacizumab for lung
cancer (5,6) and a recent meta-analysis of randomized
clinical trials that directly compared cancer patients treated
with and without bevacizumab showed an increased
dose-related risk for gastrointestinal perforation in the
bevacizumab group, which was overall higher when it
was given for non-small cell lung cancer compared to
other malignancies (7).

The pathophysiology behind bevacizumab - associated
bowel perforation is unclear although some possible
mechanisms have been proposed (8). These included (1)
necrosis of intramural tumor that can lead to weakening
of the intestinal wall, (2) impaired wound healing in
the case of bowel injury, (3) ischemic damage due to
thrombosis and vasoconstriction of mesenteric vessels and
(4) existing risk factors such as diverticulitis, prior bowel
surgery and bowel obstruction (8). In ovarian cancer large
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intraperitoneal tumor burden and heavy pretreatment were
also associated with bowel perforations in bevacizumab-
treated patients (9). Additionally, in patients with colorectal
cancer, perforation was associated with colitis due to
chemotherapy or intra-abdominal inflammation (10). A
review on the management of bevacizumab-associated
bowel perforation in 24 patients with various malignancies
was recently published. Recognized baseline risk factors
were abdominal irradiation, non-steroid anti-inflammatory
drug use, diverticulosis and intact primary tumor. The authors
note that tumor was present at the perforation site in 9
out of 24 cases, 8 patients had peritoneal carcinomatosis
and in 4 cases the perforation occurred at the anastomotic
site of previous gastrointestinal surgery. At the time of
perforation, 2 patients had concurrent diverticulitis, 4 other
had presented with Gl obstruction and in most cases there
was abscess formation at the perforation site (5).

It is worthy of note here that a case of typhlitis was
described in a febrile neutropenic patient after a single
course of pemetrexed as second line treatment for NSCLC
(11). Similarly to our case the patient presented with
food intolerance, fever and abdominal pain and CT scan
showed extended inflammation of the colon. Typhlitis, in
the setting of chemotherapy-induced neutropenia and
direct chemotherapy toxicity of the intestinal mucosa, was
originally described in patients treated with chemotherapy
for leukemia. A recent review though showed that patients
with leukemia or solid tumors are equally likely to develop
chemotherapy-related typhlitis (12). However, only ten
cases of chemotherapy-associated colitis in patients with
lung cancer have been described so far (11). Of those, only

the one mentioned above was related to pemetrexed and
none of the patients had received bevacizumab.

Clearly one cannot identify the degree to which bevacizumab
and pemetrexed contributed to the pathophysiology of
bowel inflammation and perforation in this case. However
the non-neutropenic status of the patient at the time of the
event and the intact appearance of the colon as described
by the surgeons make the possibility of neutropenic,
pemetrexed-induced colitis less likely. Also, the course
of events in our case may indicate that the bowel-ovary
fistula occurred in a non-inflammatory setting and the
abscess was formed secondarily. Therefore we believe
that this unique case of bowel to ovarian cyst fistula was
mainly driven by bevacizumab.

CONCLUSION

Bevacizumab has significantly improved progression-
free and overall survival (13,2) in patients with NSCLC.
However its use does not come without the cost of
some serious, potentially fatal side-effects that include
hypertension, proteinuria, impaired healing and increased
risk of haemorrhage. Gastrointestinal perforation is a rare,
potentially fatal side-effect and, as reported here, it can
manifest in not readily recognizable forms, masked under
vague and confusing symptoms that can be misleading
and troubling in their proper interpretation. The physician
prescribing bevacizumab must always bear in mind the
possibility of a gastrointestinal fistula, especially in the
presence of risk factors such as diverticulosis, peritoneal
implant or bowel surgery.
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