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Take home points
• Epothilones have potential advantages 

over taxanes particularly for brain 
metastases

• At least 2 epothilones, patupilone and 
sagopilone, cross BBB

• Clinical trial needs
– Pre-irradiation studies
– Combinations with existing agents
– Neurocognitive/QOL endpoints
– Imaging/biomarker correlates



Breast ca brain metastases in 
the trastuzumab era

• 34%
 

of women with MBC
• 50+ % have stable 

systemic disease
• 50% have CNS death
• Survival –

 
1-4 yrs

Bendell JC. Cancer 97:2972, 2003
Lai R. Cancer 101:810, 2003
Lower EE. Clin Breast Cancer 4:114, 2003
Kirsch DG. J Clin Oncol 23:2114, 2005
Kirsch Clin Cancer Res 9:5435, 2003

1/3 of women with metastastic
 

breast ca
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Blood-brain barrier
• Selection of drugs

– lipid soluble
• BCNU, CCNU

– small molecules
• cisplatin
• hydroxyurea
• procarbazine
• temozolomide

• Other issues
– Efflux pumps
– Protein binding
– Tumor interstitial 

pressure
Brain or Tumor cell

Blood 
vessel

BBB

Endothelial

 
cell

Endothelial 
cell

Muldoon, J Clin Oncol 25:2295, 2007
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Usefulness in breast, lung 
cancer

TrastuzumabTopotecan

VincristineHydroxyurea

CytokinesCarboplatinProcarb.

IrinotecanCisplatinCytarabineLomustine

GemcitabineTeniposideMethotrexateCarmustine

TaxanesEtoposideDacarbazineNimustine

HighIntermediateLow

Adapted from Peereboom D. Neurosurg, 2005

Temozolomide

Thiotepa

Bleomycin

Doxorubicin
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Ability to Cross BBB

TrastuzumabTopotecan

VincristineHydroxyurea

CytokinesCarboplatinProcarb.

IrinotecanCisplatinCytarabineLomustine

GemcitabineTeniposideMethotrexateCarmustine

TaxanesEtoposideDacarbazineNimustine

LowIntermediateHigh

Adapted from Peereboom D. Neurosurg, 2005

Temozolomide

Thiotepa

Bleomycin

Doxorubicin



The Cleveland Clinic
Brain Tumor and Neuro-

Oncology Center

Microtubule Inhibitors
• Inhibit tubulin

 polymerization
– vincristine

• stabilize
– taxanes
– epothilones

Altmann K-H et al. Biochim Biophys Acta. 2000;1470:M79-M91; 
Rowinsky EK. Annu Rev Med. 1997;48:353-374.

Presenter
Presentation Notes
In contrast to older drugs—such as vincristine—that are inhibitors of tubulin polymerization, the taxanes and epothilones promote polymerization of tubulin heteromers into microtubules and stabilize preformed microtubules under depolymerizing conditions.1  
Stabilization of microtubules leads to sustained mitotic block at the G2/M boundary, as well as the abnormal organization of spindle microtubules.2  

References
Altmann K-H, Wartmann M, O'Reilly T. Epothilones and related structures–a new class of microtubule inhibitors with potent in vivo antitumor activity. Biochim Biophys Acta. 2000;1470:M79-M91. 
Rowinsky EK. The development and clinical utility of the taxane class of antimicrotubule chemotherapy agents. Annu Rev Med. 1997;48:353-374. 
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Stabilization of Microtubules

• Aberrant spindle 
formation 
during mitosis

• Apoptotic cell 
death 

Altmann K-H et al. Biochim Biophys Acta. 2000;1470:M79-M91; 
Rowinsky EK. Annu Rev Med. 1997;48:353-374.
Jordan MA, Chem Biol 2002

Presenter
Presentation Notes
In contrast to older drugs—such as vincristine—that are inhibitors of tubulin polymerization, the taxanes and epothilones promote polymerization of tubulin heteromers into microtubules and stabilize preformed microtubules under depolymerizing conditions.1  
Stabilization of microtubules leads to sustained mitotic block at the G2/M boundary, as well as the abnormal organization of spindle microtubules.2  

References
Altmann K-H, Wartmann M, O'Reilly T. Epothilones and related structures–a new class of microtubule inhibitors with potent in vivo antitumor activity. Biochim Biophys Acta. 2000;1470:M79-M91. 
Rowinsky EK. The development and clinical utility of the taxane class of antimicrotubule chemotherapy agents. Annu Rev Med. 1997;48:353-374. 



Epothilones
• Discovered in 1993
• Produced by

 Sorangium cellulosum
• Analogs of taxanes 

(paclitaxel, docetaxel)
• 16-member ring 

macrolides

Nettles JH. Science. 2004;305:866-869; 
Altmann K-H et al. Biochim Biophys Acta. 2000;1470:M79-M91.
Goodin, S. et al. J Clin Oncol; 22:2015-2025 2004

Presenter
Presentation Notes
In view of these limitations, there is a clear need for the identification of novel cytotoxic anticancer agents exhibiting an improved overall profile (including spectrum of antitumor activity, efficacy against multidrug-resistant tumors, safety and tolerability, and physicochemical properties):  microtubule-interacting agents are an attractive and promising choice to achieve these objectives. 
The epothilones A and B were first identified in 1993. Discovered during screening of natural products for antifungal agents but later found to have antitumor activity in vitro

These agents are secondary metabolite macrolides produced by the myxobacterium Sorangium cellulosum.1 
The epothilones inhibit the disassembly of microtubules and stabilize preformed microtubules, inducing apoptotic cell death.2 
Stabilization of microtubule dynamics results in:
G2/M-phase arrest
Aberrant spindle formation during mitosis
Apoptotic cell death

References
Nettles JH, Li H, Cornett B, Krahn JM, Snyder JP, Downing KH. The binding mode of epothilone A on alpha,beta-tubulin by electron crystallography. Science. 2004;305:866-869.
Altmann K-H, Wartmann M, O'Reilly T. Epothilones and related structures—a new class of microtubule inhibitors with potent in vivo antitumor activity. Biochim Biophys Acta. 2000;1470:M79-M91. 
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Epothilones
 Potential advantages over taxanes

• More potent in vitro especially 
against taxane resistant cell lines

• Overcome mechanisms of taxane 
resistance
– P-glycoprotein protein efflux
– β-tubulin

 
gene mutations

• No need for Cremophor
 

formulation
• Some cross the BBB

Fumoleau

 

P. Annals of Oncology 18 (Supplement 5): v9–v15, 2007
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Epothilone family
• 1st

 
generation -

 
natural

– epothilone B (patupilone)
– epothilone D (KOS-862)

• 2nd
 

generation -
 

semisynthetic
– ixabepilone, KOS-1584, BMS-310705

• 3rd
 

generation -
 

fully synthetic
– sagopilone

 
(ZK-EPO), ABJ-879

Presenter
Presentation Notes
Ixa – more water soluble, probably less CNS penetration
More water soluble; therefore needs no Cremophor for formulation; no need for prophylaxis against hypersensitivity
2nd and 3rd generation: more potent in vitro; more water soluble allowing formulation without Cremophor
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Patupilone
• Highly lipophilic
• Efficacy not affected by 

common tubulin
 

mutations
• Not a substrate for p-

 glycoprotein efflux pumps
• Formulated for intravenous 

administration
– Water-soluble, no need for 

Cremophor®

O

OOHO

O

S

N
OH

R

Molecular weight = 508

Bollag DM et al. Cancer Res. 1995;55:2325-2333; 
Altmann K-H et al. Biochim Biophys Acta. 2000;1470:M79-M91.

Presenter
Presentation Notes
Patupilone (epothilone B; EPO906) is a macrocyclic polyketide that is a member of the epithilone class.1  
Patupilone was originally discovered in a screening program for secondary metabolites from myxobacteria with antifungal activity and was subsequently shown to have potent cytotoxic activity in mammalian cells.1-2 
Patupilone is not a substrate for the P-glycoprotein efflux pump or other drug efflux pumps and its efficacy is not affected by common tubulin mutations.3 
The compound is highly lipophilic and has been formulated for intravenous infusion.
Patupilone is not formulated with Cremophor®. Cremophor—which is required to attain adequate solubility for taxanes—may cause infusion and hypersensitivity reactions.2 

References
Gerth K, Bedorf N, Hofle G, Irschik H, Reichenbach H. Epothilones A and B: antifungal and cytotoxic compounds from Sorangium cellulosum (myxobacteria). Production, physico-chemical and biological properties. J Antibiot (Tokyo). 1996;49:560-563. 
Bollag DM, McQueney PA, Zhu J, et al. Epothilones, a new class of microtubule-stabilizing agents with a taxol-like mechanism of action. Cancer Res. 1995;55:2325-2333.
Altmann K-H, Wartmann M, O'Reilly T. Epothilones and related structures—a new class of microtubule inhibitors with potent in vivo antitumor activity. Biochim Biophys Acta. 2000;1470:M79-M91. 

superior efficacy to the taxanes. Their mechanism of action is similar to that of the taxanes, but their chemical structure is simpler and they are more soluble in water. Due to improved water solubility, cremophors (solubilizing agents used in paclitaxel which can affect cardiac function and cause severe hypersensitivity) are no longer needed in the formulation of this anticancer drug.[2] Other undesired effects such as endotoxin-like properties where macrophages are activated to synthesize inflammatory cytokines and nitric oxide (paclitaxel)[3] are not observed by epothilone B. 
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Patupilone tissue distribution

Time post administration (h)
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Blum W, (1999) Release Ready Report RD-1999-03642

IC50

Presenter
Presentation Notes
Concentrations of patupilone in plasma, tumor, brain, muscle and liver after administration of 4 mg/kg iv to female nude mice bearing sc HCT-15 xenografts 
1. rapid distribution of patupilone from plasma into tissues
2. very slow elimination phase from the tissues, with patupilone remaining in tumor tissues the longest. This long duration of patupilone in tumor tissues at supra-IC50 levels may account for the strong antitumor activity, even following only a single administration. IC 50 ~ 0.4
3. Patupilone Crosses the Blood Brain Barrier
4. Preferentially Taken Up in Tumor Tissue

Data indicate a rapid distribution of patupilone from plasma into tissues followed by a very slow elimination phase from the tissues, with patupilone remaining in tumor tissues the longest. This long duration of patupilone in tumor tissues at supra-IC50 levels may account for the strong antitumor activity, even following only a single administration
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Patupilone phase I trials
 anti-tumor activity

• Q week or q 3-week regimens
• DLT: Diarrhea

– grade 3 neuropathy 2%
– no grade 3/4 myelosuppression

• Responses
– Breast, NSCLC, colon, ovarian, 

unknown primary, carcinoid

Presenter
Presentation Notes
Patupilone was evaluated in 2 phase I trials using 2 different schedules consisting of a 5–7-minute infusion administered every 21 days or as a weekly infusion.1-2
A total of 143 patients were enrolled in these studies. Diarrhea was the dose-limiting toxicity (DLT) for both the q3wk and weekly schedules of administration, with an MTD of 6.0 mg/m2 for the q3wk schedule and 2.5 mg/m2 for the weekly schedule. Other toxicities included mild–moderate fatigue, nausea/vomiting, and paresthesia. Significant neuropathy was uncommon in these trials, and there were no episodes of grade 3/4 myelosuppression. 
In the weekly study, a modified regimen of 3 weeks on/1 week off was later found to have the same MTD and DLT, but reduced long-term toxicity.
Among patients who received the q3wk schedule, 4 partial (2 colon, breast, and unknown primary) and 2 minimal (colon, ovarian) responses were recorded; among patients who received the weekly schedule, 3 partial (breast, ovarian, carcinoid) and 3 minimal (colon, non-small cell lung cancer [NSCLC], ovarian) responses were observed. 
Diarrhea predictably occurred on days 9-11 after initial therapy. Neither of these studies included active management of diarrhea as part of the protocol. Subsequent phase I development incorporated active diarrhea management in the protocol


References
Calvert AH, Rubin EH, Oza AM, et al. Weekly and q3weekly epothilone B (EPO906) in patients with advanced malignancies: two phase I clinical and pharmacokinetic studies. Ann Oncol. 2003;20:21-22. Abstr 760.
2. Data on file. Novartis Oncology, Hanover, NJ.





The Cleveland Clinic
Brain Tumor and Neuro-

Oncology Center

Phase II trial of patupilone in 
patients with breast cancer 

brain metastases

Cleveland Clinic, Cleveland (D Peereboom)
Memorial Sloan Kettering Cancer Center, New York (A Seidman)
Massachusetts General Hospital, Boston (A Eichler)
University of Michigan, Ann Arbor (C von Poznak)

Presenter
Presentation Notes
Acknowledge collaborators and Norvartis Pharmaceuticals for supporting this research
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Objectives
• Primary

– 3-month CNS-progression free survival (PFS) > 
35% 

• Secondary 
– Toxicity
– CNS response rate* and duration of response
– Systemic disease response rate** and duration 
– Overall survival

*McDonald criteria
**bidimensional measurements

Presenter
Presentation Notes
Based on what??
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Study Population
• Recurrent or progressive CNS 

disease after whole brain radiation 
therapy (WBRT)
– 40 pts

• Asymptomatic, unirradiated brain 
metastases and/or leptomeningeal 
metastases
– 10 pts
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Eligibility
• Patients may continue hormone 

therapy and trastuzumab
• No prior epothilones
• No neuropathy or diarrhea > grade 1 

at entry

Presenter
Presentation Notes
If only evaluable CNS lesion (s) have been treated with stereotactic radiosurgery, radiographic (e.g., PET scan or MRS) or histologic proof must exist to exclude radiation necrosis
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Treatment
• Patupilone

– 10 mg/m2

 
IV over 20 min q 3 weeks

• Follow up
– MRI brain q 6 weeks
– CT Chest/abd

 
q 6 weeks



The Cleveland Clinic
Brain Tumor and Neuro-

Oncology Center

Statistics
• Primary endpoint: 3-month CNS-

 progression free survival (PFS)
– Goal: > 35%
– Rate < 15% considered negative

• N = 40 evaluable to achieve acceptable 
confidence limits* on % PFS in brain

*max ½

 

width of 95% confidence interval quantile

 

0.16

Presenter
Presentation Notes
25%  in size (McDonald) over best response

Statistical Considerations:�• Assuming all patients have the potential for at least 6 months of�follow-up, the number needed for the maximum half-width of a�95% confidence interval about a particular quantile to be 0.16�(based on a binomial distribution) is 40 patients�• If 10 or more patients (25%) remain progression-free at three�months, this will be taken as evidence that patupilone may have a�positive impact on PFS�• Assuming a drop-out (or inevaluable) rate of 10%, 45 patients�would be needed for enrollment to accrue 40 eligible and�evaluable patients�• Up to 10 additional patients may be enrolled for those with�asymptomatic, unirradiated CNS metastases (parenchymal or�leptomeningeal) as a hypothesis generating portion of the study
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Patupilone in breast cancer brain 
metastases

 Summary

• Patupilone has activity against breast 
cancer brain metastases

• Early data shows 3-month CNS PFS of 
~30%

• Main toxicity: diarrhea
• Worthy of further study

– Before WBRT
– In combination regimens
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Take home points
• Epothilones have potential advantages 

over taxanes particularly for brain 
metastases

• At least 2 epothilones, patupilone and 
sagopilone, cross BBB

• Clinical trial needs
– Pre-irradiation studies
– Combinations with existing agents
– Neurocognitive/QOL endpoints
– Imaging/biomarker correlates
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