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StatinsStatins                XX BPsBPs inhibit FPP  inhibit FPP synthasesynthase, thus, thus
blocking the blocking the prenylationprenylation of small of small
signaling proteins required forsignaling proteins required for
cell function and survivalcell function and survival

XX

Molecular mechanism of actionMolecular mechanism of action
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BackgroundBackground
TranslationTranslation  fromfrom  preclinicalpreclinical  studiesstudies  toto  clinicalclinical  trialstrials

 Direct  Direct antitumorantitumor  effectseffects (in vitro and  (in vitro and animalanimal  modelsmodels))

SynergisticSynergistic  effectseffects  withwith  cytotoxiccytotoxic and  and biologicalbiological
drugsdrugs (in vitro and  (in vitro and animalanimal  modelsmodels))

  EffectsEffects on the  on the metastaticmetastatic  processprocess ( (animalanimal  modelsmodels))

  EffectsEffects on  on angiogenesisangiogenesis (in vitro,  (in vitro, animalanimal  modelsmodels and and
in in humanshumans))

  StimulationStimulation of T gamma/delta  of T gamma/delta lymphocyteslymphocytes (in vitro, (in vitro,
and in and in humanshumans          immunomodulationimmunomodulation))



Direct Direct antitumorantitumor  effectseffects: in vitro : in vitro evidencesevidences

Induction of apoptosis

Inhibition of cell proliferation

Inhibition of cell invasion

Inhibition of cell adhesion

Inhibition of cell viability/migration

Synergistic effects with cytotoxic drugs

Synergistic effects with biological drugs

Amino-bisphoshonates have demonstrated in vitro models
the following activities:



In vitro In vitro antitumorantitumor  evidencesevidences

The potency of several N-BPs to inhibit cancer
cell proliferation and increase apoptosis has
been demonstrated in breast, prostate, ovarian,
bladder, hepatoma, osteosarcoma, leukemia,
melanoma as well as myeloma cells

Stesing B and Clezardin P. Cancer Letters, 2007



PreclinicalPreclinical  evidencesevidences of  of antineoplasticantineoplastic  effectseffects on on
differentdifferent  cancercancer  cellcell  lineslines

InhibitionInhibition of  of cellcell  invasioninvasionBreastBreast  cancercancer  cellcell line line
Prostate Prostate cancercancer  cellcell line line

ZOLZOLDonoyelleDonoyelle (2003) (2003)

InductionInduction of  of apoptosisapoptosis
InhibitionInhibition of  of cellcell  proliferationproliferation

Prostate Prostate cancercancer  cellcell line lineZOLZOLDumonDumon JC JC (2004) (2004)

InhibitionInhibition of  of cellcell  migrationmigration
and and cellcell  adhesionadhesion

BreastBreast  cancercancer  cellcell line line
Prostate Prostate cancercancer  cellcell line line

ZOLZOLBoissierBoissier S S
(2000)(2000)

InductionInduction of  of apoptosisapoptosisPlasma Plasma cells in multiplecells in multiple
myelomamyeloma

ZOL/PAMZOL/PAMGordon SGordon S (2002) (2002)

InductionInduction of  of apoptosisapoptosis
InhibitionInhibition of  of cellcell  proliferationproliferation

Neuroblastoma Neuroblastoma cellcell line lineZOLZOLVorotnjakVorotnjak M M (2004) (2004)

InductionInduction of  of apoptosisapoptosis
InhibitionInhibition of  of cellcell  proliferationproliferation

HumanHuman melanoma  melanoma cellcell line lineZOLZOLForseaForsea AM AM (2004) (2004)

InductionInduction of  of apoptosisapoptosis
InhibitionInhibition of  of cellcell  proliferationproliferation

HumanHuman  osteogenicosteogenic sarcoma sarcomaZOLZOLEvdokiouEvdokiou A A (2003) (2003)

InductionInduction of  of apoptosisapoptosis
InhibitionInhibition of  of cellcell  proliferationproliferation

PancreaticPancreatic  cancercancer  cellcell line lineZOLZOLTassoneTassone P P (2003) (2003)

InductionInduction of  of apoptosisapoptosis
InhibitionInhibition of  of cellcell  proliferationproliferation

SmallSmall  cellcell  lunglung  cancercancer line lineZOLZOLMatsumoto SMatsumoto S  (2005)  (2005)

InductionInduction of  of apoptosisapoptosis
InductionInduction of  of apoptosisapoptosis

BreastBreast  cancercancer  cellcell line line
Prostate Prostate cancercancer  cellcell line line

ZOLZOLNeville-Neville-WebbeWebbe HL HL  (2005)  (2005)

TypeType of  of effecteffectCancerCancer  cellcell line lineBiphosphBiphosph..AuthorAuthor ( (yearyear))
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Zoledronic acid
demonstrated synergistic

effects with cytotoxic drugs

Santini D et al. NCPO, 2006 



decreased
tumour
burden
(synergistic)

Doxycyclinemouse model of human
breast cancer

ZOLDuivenvoorden WC
(2007)

Synergistic,
timing and
schedule-
dependent

Letrozole
(pro-apoptosis)

Breast cancer cell lineZOLNeville-Webbe HL
(2005)

Synergistic,
timing  and
schedule-
dependent

Paclitaxel
(pro-apoptosis)

breast cancer cell lines,
prostate cancer cell line

ZOLEvans (2005)

AdditiveUFT
(pro-apoptosis)

breast 4T1 murine
breast carcinoma

ZOLHiraga T (2003)

SynergisticDexamethasone
 (pro-apoptosis, growth inhibition)

human myeloma cell
lines

ZOLTassone P (2000)

SynergisticRADIOTHERAPYIM-9 myeloma cells and
C4-2 prostate cancer
cells

ZOLAlgur E (2005)

SynergisticPaclitaxel/etoposide/cisplatinum/irin
otecan (pro-apoptosis)

SCLC cell lineZOLMatsumoto S (2005)

SynergisticGemcytabine oxaliplatin
 (pro-apoptosis)

Gastric cancer cell lineZOLTrojan J (2005)

Synergisticepirubicin/cyclophosphamide/docet
axel/paclitaxel (growth inhibition)

breast cancer cell lineZOLVogt U (2004)

Not SynergisticDocetaxel
(pro-apoptosis)

hormone resistant
prostate cancer cell line
PC-3

ZOLMorgan (2007)

Synergistic,
timing and
schedule-
dependent

Doxorubicin
(pro-apoptosis)
(Inhibition of invasion)

breast cancer cell lines,
prostate cancer cell line

ZOLNeville-Webbe HL
(2005)

Woodward  J (2005)

Type of effectType of drugCancer cell lineBiphosp.Author (year)



ZoledronicZoledronic acid and acid and doxorubicin doxorubicin  ––
Does the Order of Exposure Matter?Does the Order of Exposure Matter?

For maximum cell death - Doxorubicin must be given prior to zoledronic acid

(HL Neville-Webbe et al, Int J Cancer 2005)

Breast Cancer cells -24 h treatment with 0.05µM Doxorubicin /1h 25µM Zoledronic acid 
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Is there also synergy Is there also synergy in vivoin vivo??

In vivo Models of Breast Cancer

Subcutaneous In Bone

Treat with doxorubicin and zoledronic acid - alone and in combination or sequence

• Size/number
• Growth rate
• Apoptosis
• Proliferation
• Angiogenesis
• Histology
• DNA

Analysis of tumours

• Survival?
• Morbidity?

Animals

• Bone lesions - number/size
• Osteoclast/osteoblast number
• Bone structure/integrity
• Vascularisation
• Extra-osseous tumour growth

Analysis of bone

PD Ottewell, Clinical Cancer Research, in press



Effects of Effects of DoxDox and  and ZolZol on s.c. tumour growth  on s.c. tumour growth in vivoin vivo

No effect of Dox or Zol alone – 
Sequential treatment (dox followed by zol) eliminates tumour growth
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PD Ottewell, Clinical Cancer Research, in press
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No effect on tumour growth with the single agents

Sequential treatment is superior to combined

PD Ottewell, Clinical Cancer Research, in press

NS



Does combined treatment increase survival?Does combined treatment increase survival?

Zoledronic acid alone does improve survival (less bone pain)

Sequential treatment increases survival time significantly and  is superior to combined

PD Ottewell, Clinical Cancer Research, in press
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      Effect
 50%  75%

DTX  ZOL 0.475 0.623
DTX + ZOL 0.960 1.135 CI
ZOL  DTX 0.873 0.822

 DTX ZOL  DTX + ZOL

ZOL  DTX

Prostate cancer cell line: DTX e ZOL synergism

D. Santini & M. Caraglia, unpublished



Phase I study on the pharmacological combination 
between zoledronic acid and docetaxel in patients 

with hormone-refractory prostate cancer

ZANTE

Zoledronic ANd TaxoterE

UOC Farmacologia Sperimentale Oncologica        M. UOC Farmacologia Sperimentale Oncologica        M. CaragliaCaraglia
UOC Oncologia Medica BUOC Oncologia Medica B
UOC Studi Clinici ControllatiUOC Studi Clinici Controllati
UOC UrologiaUOC Urologia



DISEGNO DELLO STUDIO

ZOL ZOL →→ DTX 50 mg/m DTX 50 mg/m22DTX 50 mg/mDTX 50 mg/m22  →→ ZOL ZOLIIIIII

ZOL ZOL →→ DTX 40 mg/m DTX 40 mg/m22DTX 40 mg/mDTX 40 mg/m22  →→ ZOL ZOLIIII

ZOL ZOL →→ DTX 30 mg/m DTX 30 mg/m22DTX 30 mg/mDTX 30 mg/m22  →→ ZOL ZOLII

Sequenza BSequenza BSequenza ASequenza ALivelliLivelli

M. Caraglia, data unpublished



• Raggiunto il terzo livello di dose (altri 3 pazienti al
completamento) senza raggiungere la MTD.

• Previsto un ulteriore livello di dose.
• Il protocollo è stato ben tollerato senza riscontro di

tossicità grado 3 e 4 secondo CTC-NCI.

Risposte
• Livello I: 1 SD duratura (8 mesi); 2 SD della durata

massima di 5 mesi.
• Livello 2: 1 RP sierologica e 2 SD della durata massima

di 6 mesi.
• Livello 3: 3 SD con beneficio clinico (riduzione

sostanziale del dolore e consumo analgesico e
abolizione della richiesta trasfusionale) 2 RP cliniche.

Risultati clinici

M. Caraglia, data unpublished



Zoledronic acid demonstrated
synergistic effects with

biological drugs

Santini D et al. NCPO, 2006 



SynergisticSynergisticHistoneHistone  deacetylasedeacetylase
inhibitorinhibitor (SAHA) (SAHA)

prostate prostate cancercancer  cellcell
lineslines  LNCaPLNCaP and PC-3 and PC-3

ZOLZOLSonnemanSonneman J (2007) J (2007)

SynergisticSynergistic  bothboth in in in in
vitro and in vivovitro and in vivo
modelsmodels

antibody against boneantibody against bone
sialoproteinsialoprotein II II

- - BreastBreast  cancercancer  cellcell line line
- Murine model of- Murine model of
osteolyticosteolytic  lesionslesions  byby
breadtbreadt  cancercancer  cellcell line line

ZOLZOLPeterschmittPeterschmitt J J (2007) (2007)

SynergisticSynergistic  bothboth in in in in
vitro and in vivovitro and in vivo
modelsmodels

farnesylfarnesyl  transferasetransferase
inhibitor R115777inhibitor R115777
((ZarnestraZarnestra))

--  HumanHuman prostate prostate
cancercancer  cellcell line (PC3) line (PC3)
-- Murine model of Murine model of
prostate prostate cancercancer

ZOLZOLCaragliaCaraglia M (2005) M (2005)

SynergisticSynergisticImatinibImatinib  mesylatemesylateleukemic cell linesleukemic cell linesZOLZOLKimura SKimura S (2004) (2004)

SynergisticSynergisticfarnesylfarnesyl  transferasetransferase
inhibitor R115777inhibitor R115777
((ZarnestraZarnestra))

Human Human epidermoidepidermoid head head
and neck  cancer celland neck  cancer cell
lineline

ZOLZOLCaragliaCaraglia M M (2004) (2004)

AdditiveAdditiveAnti-COX-2Anti-COX-2HER-2/neu HER-2/neu transfectedtransfected
breastbreast  cancercancer  cellcell line line

ZOLZOLWitters LMWitters LM (2003) (2003)

SynergisticSynergisticImatinibImatinib  mesylatemesylatehuman leukemic Ph+human leukemic Ph+
cell linescell lines

ZOLZOLKuroda JKuroda J (2003) (2003)

SynergisticSynergisticfarnesylfarnesyl  transferasetransferase
inhibitor R115777inhibitor R115777
((ZarnestraZarnestra))

lung H1355 cancer cellslung H1355 cancer cellsZOLZOLCaragliaCaraglia M M (2004) (2004)

TypeType of  of effecteffectTypeType of  of biologicalbiological
drugdrug

CancerCancer  cellcell line lineBiphospBiphosp
hh..

AuthorAuthor ( (yearyear))

Preclinical evidences of synergistic effects with biological drugs



Zoledronic acid demonstrated
inhibitory effects on the

metastatic process
((animalanimal  modelsmodels))

Santini D et al. NCPO, 2006 



BPsBPs    demonstrateddemonstrated  effectseffects on the  on the metastaticmetastatic  processprocess
  PreclinicalPreclinical  evidencesevidences of  of antitumorantitumor  effecteffect IN VIVO IN VIVO

xx

slows down rat primary slows down rat primary chondrosarcomachondrosarcoma
developmentdevelopment  and   and increaseincrease  overalloverall  surv ivalsurv ival

ZoledronicZoledronic acid acidrat rat chondrosarcomachondrosarcoma model modelGouinGouin F  F etet al. (2006) al. (2006)

anticanceranticancer  effecteffect on  on bonebone  metastasesmetastasesMinodronicMinodronic acid acidbladderbladder  cancercancer  orthotopicorthotopic model modelSato K. (Sato K. (2006)2006)

InhibitionInhibition of  of growthgrowth of  of osteoblasticosteoblastic and and
osteolyticosteolytic  metastasesmetastases

ZoledronicZoledronic acid acidPC-3 and PC-3 and LuCaPLuCaP 23.1 prostate 23.1 prostate
cancercancer

Corey et alCorey et al. (2003). (2003)

increasedincreased the  the medianmedian  surv ivalsurv ival of  of micemice  withwith i.p. i.p.
mesotheliomamesothelioma  tumorstumors in v ivo. in v ivo.

ZoledronicZoledronic acid acid
RisedronateRisedronate

mesotheliomamesothelioma  tumortumor model modelWakchoureWakchoure (2006) (2006)

diminishesdiminishes  osteosarcoma-inducedosteosarcoma-induced  lunglung
metastasismetastasis  and   and prolongsprolongs    survivalsurvival

ZoledronicZoledronic acid acid  MurineMurine  osteosarcomaosteosarcoma model modelOryOry B. B. (2005) (2005)

          InhibitionInhibition of  of metastasesmetastases  toto  bonebone and  and liverliverZoledronicZoledronic acid acid4T1 4T1 murinemurine mammary carcinoma mammary carcinomaNobuyukiNobuyuki et al et al. (2001). (2001)

enhancedenhanced  reductionreduction of  of lunglung  metastasesmetastasesZoledronicZoledronic acid acid4T1 4T1 murinemurine mammary carcinoma mammary carcinomaHiragaHiraga  etet al al. (2004). (2004)

InhibitionInhibition of  of progressionprogression of  of establishedestablished
osteolyticosteolytic  lesionslesions

ZoledronicZoledronic acid acidMDA-MB-231 human breast cancerMDA-MB-231 human breast cancerPeyruchaudPeyruchaud et al et al..
(2001)(2001)

InhibitionInhibition of   of  tumour-inducedtumour-induced
osteolysisosteolysis

ZoledronicZoledronic acid acidMDA-MB-231 human breast cancerMDA-MB-231 human breast cancerGreen et alGreen et al. (2000). (2000)

ZoledronicZoledronic acid  acid preventedprevented the  the formationformation of of
bonebone  lesionslesions

ZoledronicZoledronic acid acid5T2 murine 5T2 murine myelomamyelomaCroucherCroucher et al et al. (2003). (2003)

inhibitioninhibition of  of myelomamyeloma  cellcell  growthgrowth and  and surv ivalsurv ivalZoledronicZoledronic acid acidPrimary human myeloma cellsPrimary human myeloma cellsYaccobyYaccoby et al et al (2002) (2002)

ResultsResultsAnimal modelAnimal modelStudyStudy







PreclinicalPreclinical  evidencesevidences of  of antineoplasticantineoplastic  effectseffects on on
differentdifferent  animalanimal  modelsmodels

      These animal models provide convincing evidence of the
potential of ZOLEDRONIC ACID

1. To induce tumor cell apoptosis in bone lesions
2. To reduce tumor burden in bone
3. To reduce the number of osteolytic lesions in tumor-bearing

mice
4. To prevent formation and progression of  bone metastases in a

variety of tumor models
5. To reduce serum levels of tumor markers

In vivo prevention of bone metastases







PreclinicalPreclinical  evidencesevidences of  of antineoplasticantineoplastic  effectseffects on  on differentdifferent
animalanimal  modelsmodels

• Preliminary data from the 4T1 mammary tumor model have
demonstrated that zoledronic acid can also inhibit visceral
metastases

• In the same model treatment at clinically relevant doses with
zoledronic acid also prolonged  survival of tumor-bearing mice

• Treatment of mice bearing 5T2 myeloma cells with zoledronic
acid also resulted in a significantly longer disease-free survival
time

In vivo prevention of extra bone metastases



Zoledronic demonstrated
effects on angiogenesis
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Low Low dosesdoses of  of zoledroniczoledronic acid  acid inhibitsinhibits
proliferationproliferation of  of humanhuman  endothelialendothelial  cellscells  in vitroin vitro

 These points have reached statistical significance.0
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 Wood J, et al. Proc Am Soc Clin Oncol. 2000.
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Low Low dosesdoses of  of zoledroniczoledronic acid  acid inhibitinhibit  angiogenesisangiogenesis in in
a mouse a mouse growth-factorgrowth-factor  implantimplant model  model in vivoin vivo

Wood J, et al. Proc Am Soc Clin Oncol. 2000.
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•Blood vessel immunostaining on prostate tissue sections revealed that both
ibandronate and zoledronic acid induced a 50% reduction of the
revascularization of the prostate gland in animal model (rats)

Fournier P et al Cancer Res. 2002 

BisphosphonatesBisphosphonates  InhibitInhibit  Testosterone-stimulatedTestosterone-stimulated
VascularVascular  RegrowthRegrowth in the  in the VentralVentral Prostate in Prostate in

CastratedCastrated  RatsRats





ZoledronicZoledronic  AcidAcid  DecreasedDecreased  CirculatingCirculating Plasma Plasma
VEGF VEGF LevelsLevels in Patients  in Patients WithWith  MetastaticMetastatic Cancer Cancer

*P < .05.
Santini D, et al. Clin Cancer Res. 2003;9:2893-2897.
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• 30 patients with metastatic cancer were administered a single
dose of 4 mg zoledronic acid IV before chemotherapy













BPs sites of action

Cancer cells

Stromal cells
Osteoclast

Osteoblast

Endothelial cells

Lymphocyte



Thank you very muchThank you very much
for the attentionfor the attention


