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Preclinical studies
• Therapeutic Window: Efficacy/Toxicity
• Disease Specificity
• Subtype Specificity
• Combination: Concurrent/Sequential
• Therapeutic situation: Response/ Survival
• Therapeutic Resistance
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RAD001: Oral mTOR Inhibitor

Everolimus
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HO Active rapamycin derivative

Orally bioavailable; T1/2 30 hours; CYP3A4 
metabolism

Sustained inhibition of mTOR through daily 
administration

Inhibits cell growth and angiogenesis

Broad antitumor activity
• Potential synergy with chemotherapy, 

radiation, and other targeted agents
• Demonstrated single‐agent efficacy and 

safety in a phase 3 trial in renal cell 
carcinoma

• Other diseases: NET, Metastatic breast 
cancer…
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N Engl J Med 2012;366:520‐9.

The most common grade 3 or 4 adverse events were 
stomatitis (8% vs. 1%),  (any grade: 12% vs. 5%) 
anemia (6% vs. <1%), 
dyspnea (4% vs. 1%), 
hyperglycemia (4% vs. <1%), 
fatigue (4% vs. 1%), and 
pneumonitis (3% vs. 0%).

Tumor subtype:
Hormone receptor +
HER2 –
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BOLERO‐3: Anti‐HER2 trastuzumab resistant

Endpoints:
Primary: PFS
Secondary: OS, ORR, time to deterioration 
of ECOG PS, safety, DoR, CBR, and QoL

N = 572*
•Locally advanced or 
metastatic HER2+ breast 
cancer 

•Prior taxane required
•Trastuzumab Resistance

– Adjuvant: progression on or within 12 
months of TRAS 

– Metastatic:  progression within 4 
weeks of TRAS 

•Measurable disease only

Everolimus (5 mg PO daily) 
+ Vinorelbine (25 mg/m2

weekly) + TRAS (2 mg/kg 
week‡) (n = 284)

Therapy until PD or 
intolerable toxicity

Placebo (PO daily) +
Vinorelbine (25 mg/m2

weekly) + TRAS (2 mg/kg 
weekly*) (n = 285)

Randomize
1:1

• Stratification by prior lapatinib use (yes/no)
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BOLERO‐3: Primary Endpoint 
Progression‐Free Survival by Local Assessment
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Subgroup analysis
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Biomarker study
Treatment Biomarker n Events Median PFS (95% CI) HR (95% CI)

Everolimus Biomarker 
population

130 95 7.0 (5.6, 8.1)
0.88 (0.67,1.17)

Placebo 132 104 5.7 (5.3, 6.9)

Everolimus PIK3Ca
mutant

15 9 5.5 (*)
0.65* (0.29, 1.45)

Placebo 21 19 6.7 (4.8, 7.6)

Everolimus PIK3Ca
wildtype

69 51 6.8 (5.5, 8.2)
0.98 (0.67, 1.44)

Placebo 77 56 5.7 (5.2, 7.8)

Everolimus PTEN <20th
%ile

26 16 9.6 (5.5, 12.2)
0.40 (0.20, 0.82)

Placebo 22 18 5.3 (2.8, 5.7)

Everolimus PTEN ≥20th
%ile

89 67 6.9 (5.5, 8.1)
1.05 (0.75, 1.45)

Placebo 100 78 6.9 (5.5, 8.3)

Everolimus pS6≤75th
%ile

66 47 5.7 (5.4, 8.3)
1.14 (0.77, 1.68)

Placebo 77 57 6.9 (5.5, 8.3)

Everolimus pS6>75th
%ile

23 15 6.8 (4.2, 12.7)
0.48 (0.24, 0.96)

Placebo 22 20 3.9 (2.7, 5.5)

*Not evaluable due to small sample size.

Favors 
Placebo

Favors 
Everolimus

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

PIK3CAmt in exons 9 and 20, pS6 and PTEN levels by IHC  10
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Publications of BRCA and PARP 
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BSI 201 Iniparib for HR‐/ HER2‐ subtype (rP2)

* Patients randomized to gem/carbo alone could crossover to receive gem/carbo + BSI‐201 at disease progression

BSI‐201 (5.6 mg/kg, IV, d 1, 4, 8, 11)
Gemcitabine (1000 mg/m2, IV, d 1, 8)
Carboplatin (AUC 2, IV, d 1, 8)

Gemcitabine (1000 mg/m2, IV, d 1, 8)
Carboplatin (AUC 2, IV, d 1, 8)

Metastatic TNBC
N = 120
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BSI 201 Iniparib for HR‐/ HER2‐ subtype (P3)

BSI‐201 
Gemcitabine
Carboplatin 

Gemcitabine
Carboplatin

Metastatic TNBC
N = 519

1st‐line, 2nd, 3rd‐
line

BSI‐201 
Gemcitabine
Carboplatin Cross‐

over
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PARP inhibitors

Murai J et al. Cancer Res 2012;72:5588‐5599.

Primary breast 
cancer

BRCA mutation
High risk HER2‐

Chemotherapy +
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Angiogenesis inhibitors

JM Clarke and  HI Hurwitz. Expert Opin Biol Ther. 2013 13(8): 1187–1196.
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Cancer Res 2005; 65: (3). February 1, 2005
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Preclinical studies

• Pharmacologic and Pharmacodynamic Characteristics
• Inhibition of Primary Tumor Growth
• Inhibition of Metastases
• Tumor Growth Inhibition with Combination Therapy
• Combination with Radiotherapy, Chemotherapy, and 
Other Targeted Agents

• Correlation between Pharmacologic Effects of Tumor 
Growth Inhibition and Vascular Changes

• Safety Profile of Bevacizumab in Animals
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E2100 PFS: 1st‐line Metastatic Breast Cancer
with Bevacizumab Added to Paclitaxel
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HR = 0.51 (0.43‐0.62)
Log Rank Test   p<0.0001

Pac. + Bev. 11.4 months
Paclitaxel 6.1 months

Miller K, NEJM 2007
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No difference was seen on OS.

22



Trial E21001

(n=722)
AVADO2

(n=736)

RIBBON-13

+Cape
(n=615)

RIBBON-13+A/T
(n=622)

Placebo 
controlled No Yes Yes Yes

Chemo weekly 
Paclitaxel Docetaxel Capecitabine Anthra or 

Taxane

BV dosage 10mg/kg q2w 7.5 or 15mg/kg 
q3w 15mg/kg q3w 15mg/kg q3w

Endpoint PFS PFS PFS PFS

IRF Retrospective Yes Yes Yes

Bevacitumab + chemotherapy  
1st line therapy for metastatic/advanced breast cancer 

Phase III

1 Miller K et al. N Engl J Med. 2007; 357: 2666-76.
2 Miles D et al. ASCO2008 abstr#1011.

3 N. J. Robert et al. ASCO2009 abstr#1005.23



O’Shaughnessy J et al. SABCS 2009 #207

Subgroup: Bevacizumab + chemotherapy
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BEATRICE: ER‐/ HER2‐ subtype PBC

Stratification factors:
• Axillary nodal status 
• Selected adjuvant CT 
• Hormone receptor status 
• Surgery 

Resected 
centrally confirmed 

triple-negativea

and/or basal-like 
operable primary 
invasive breast 

cancer (pT1a‒pT3)

Investigator’s choice of 
standard CT (4–8 cycles)

(N=1290)

BEV (5 mg/kg/wk
equivalent)
(N=1301)
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BEV monotherapy

CT options:
• Taxane based (≥4 cycles)
• Anthracycline based (≥4 cycles)
• Anthracycline + taxane (3–4 cycles 

each)

Investigator’s choice of 
standard CT (4–8 cycles)

Observation

1 year Up to 7 
years

Follow-up

Follow-up

Cameron D, et al. Lancet Oncol 2013;14:933–42.
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Preoperative NSABP B40

Bear HD et al. NEJM 2012

1206 pts, HER2 (‐)
A‐T 8 cycles +/‐ BEV

High‐grade and N0 tended to be associated 26



BEV vs BEV+CAPE (IMELDA)

Joseph Gligorov et al. Lancet Oncol 2014; 15: 1351–60

Metastatic BC: 284 pts, HER2‐
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BEV vs BEV+CAPE (IMELDA)

Joseph Gligorov et al. Lancet Oncol 2014; 15: 1351–60

PFS: 284 pts, HER2‐
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BEV vs BEV+CAPE (IMELDA)

Joseph Gligorov et al. Lancet Oncol 2014; 15: 1351–60

OS: 284 pts, HER2‐
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OS impact of Anti‐VEGFR2 in GC
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Clinical studies
• Subtype‐specific
• Combination with other drugs 
• Combination: Concurrent/ Sequential
• Metastatic disease: PFS/ OS
• Primary disease: Preoperative/ Postoperative Adjuvant
• PGX markers
• Pathological markers/ Biomarkers
• Molecular signatures..
• QOL
• COST
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Christopher H et al JNCI 2013 105:1441‐56
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Perspectives
• Subtype‐specific/ Genome‐based
• Combination with other drugs 
• Combination: Concurrent/ Sequential
• Metastatic disease: PFS/ OS
• Evolution/ Heterogeneity (Intra‐tumor/ Inter‐tumor)
• Primary disease: Preoperative/ Postoperative Adjuvant
• Clonal Selection by treatment
• PGX markers
• Response‐guided/ Imaging
• Pathological markers/ Biomarkers
• Molecular signatures..
• QOL
• COST 33


