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The HER Family of Receptors

*HER2 dimerizes with other members of the HER famil y.

Roskoski. Biochem Biophys Res Commun. 2004;319:1;
Rowinsky. Annu Rev Med. 2004;55:433.
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2013 Update on HER2 Testing: 
ASCO/CAP Guidelines

· HER2 is positive if:
– IHC3+ with complete, intense circumferential 

membrane staining
– ISH positive

· Single probe average HER2 copy number > 6 
signals/cell

· Dual probe HER2/CEP17 ratio > 2.0 with 
average HER2 copy number > 4 or < 4 
signals/cell

· Dual probe HER2/CEP17 ratio < 2.0 with 
average HER2 copy number > 6 signals/cell

Wolff et al, JCO 2013



2013 Update on HER2 Testing: 
ASCO/CAP Guidelines (2)

· HER2 test is equivocal if:

(reflex test using the same specimen/alternative if available)

– IHC 2+ based on circumferential membrane staining that is 
incomplete and/or weak/moderate in >10% or complete in 
<10%

– ISH equivocal based on:

· Single-probe ISH average HER2 copy number � 4.0 and 
<6.0 signals/cell

· Dual-probe HER2/CEP17 ratio <2.0 with an average 
HER2 copy number � 4.0 and <6.0 signals/cell

Wolff et al, JCO 2013



FISH+

Months

0.2

0

0.4

0.6

0.8

1.0 Trastuzumab + CT (n = 176)

CT (n = 169)

P
ro

ba
bi

lit
y 

of
 s

ur
vi

va
l RR = 0.71
p = 0.007

0 10 20 30 40 50

20.0 mo

26.2 mo

Trastuzumab Combination 
Pivotal Trial: Overall Survival

Mass, Proc Am Soc Clin Oncol . 2001;20:22a. Abstract 85.
Vogel C. JCO 23:4247, 2005

•66% patients in 
pivotal trial received 
trastuzumab after 
progressing with 
chemotherapy alone

•68% received 
alternative 
chemotherapy 
with trastuzumab



Herceptin
®  

regimen 
No. of 

patients 
ORR 

(CR+PR) 
 

SD 
Median TTP 

(months) (range) 

Second 80   19 (24%) 22 (28%) 5.2 (0.5–1.7) 

Third 49   7 (14%) 12 (24%) 3.5 (0–18.3) 

Fourth 26   5 (19%)   8 (31%) 4.9 (0.3–21.8) 

Fifth 12 1 (8%)   3 (25%) 3.9 (0.3–12.5) 

Sixth   2 – – 0.8 (0.5–16.8) 

Seventh   1 – – 1.1 (0.8–6.3) 
 

� Comparable responses seen for at least three subsequent Herceptin®

regimens after progression on the first Herceptin®  treatment 

Response Rates to Trastuzumab Treatment
Beyond Progression

Fountzilas G et al. Clin Breast Cancer 2003;4:120–5



Taxane +
Trastuzumab

Disease 
Progression

Vinorelbine

Vinorelbine +
Trastuzumab

Test of Principle: 
Should Trastuzumab be Continued After 

Disease Progression?

MD Anderson, 2001

SWOG 2004

Caveat:
trastuzumab t 1/2
1-4 weeks

PI: L. Pusztai, MD



EGF100151: Phase III Trial of Capecitabine
���� Lapatinib in Advanced or 

Metastatic Breast Cancer

Eligibility criteria:
· Stage IIIB, stage IIIC with T4 

lesion, or stage IV breast cancer 
that has progressed

· ErbB-2 overexpression (IHC3+ 
or 2+ or FISH)

· Unlimited prior therapies, but no 
prior capecitabine

· Prior therapies must include:
– Trastuzumab in metastatic 

setting
– Anthracycline and taxane in 

either metastatic or adjuvant 
setting  
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Arm 1
lapatinib 1250 mg/day p.o.
Capecitabine 2000 mg/m2/day, 
days 1-14, 
q 21 days

Arm 1
lapatinib 1250 mg/day p.o.
Capecitabine 2000 mg/m2/day, 
days 1-14, 
q 21 days

Arm 2
Capecitabine 2500 mg/m2/day, 
days 1-14, 
q 21 days

Arm 2
Capecitabine 2500 mg/m2/day, 
days 1-14, 
q 21 days

Primary endpoint: TTP
Secondary endpoint: OS, PFS, ORR
Primary endpoint: TTP
Secondary endpoint: OS, PFS, ORRGeyer C, et al. NEJM 2006;355:2733-2743. 
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Study EGF100151 Geyer C, et al. NEJM 2006;355:2733-2743. 



We Do Know: Continued HER2 Blockade After 
Progression on Trastuzumab Is Beneficial

Author Agents N TTP PFS OS

Von Minckwitz,
et al

Capecitabine + 
trastuzumab vs 

capecitabine

156 8.2 months vs 
5.6 months,            

P = .03

NR 25.5 months vs 
20.4 months 

P = .257

Geyer, 
et al

Capecitabine + 
lapatinib vs

capecitabine

324 8.4 months vs 
4.4 months,               

P<.001

8.4 months vs 
4.1 months,

P<.001

19 months vs 
16 months 

P = .206

Blackwell,
et al 

Lapatinib + 
trastuzumab vs 

lapatinib

296 NR 12 weeks vs 
8.1 weeks,                     

P = .008

14 months vs 
9.5 months, 

P = .026

Blackwell K, et al. J Clin Oncol. 2012:30(21):2585-2592. Cameron D, et al. Oncologist. 2010:15(9):924-934. 
Geyer CE, et al. N Engl J Med . 2006;355(26):2733-2743. Von Minckwitz G, et al. J Clin Oncol . 2009:27(12):1999-2006. 

TTP, time to progression; OS, overall survival
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Progression Free Survival 

Intent to Treat Analysis

TTAX/T

LTAX/L

# TTAX/T

# LTAX/L

Randomized Controlled Trial Comparing Taxane-
Based Chemotherapy with Lapatinib or 

Trastuzumab as First-Line Therapy for Women with 
HER2+ Metastatic Breast Cancer:

Gelmon et. al. ASCO 2012



A randomized phase III double-blinded placebo-contr olled trial of 
first-line Chemotherapy and Trastuzumab with or wit hout 

Bevacizumab for patients with HER2/neu over-expressi ng metastatic 
breast cancer (HER2+ MBC): 

A trial of the Eastern Cooperative Oncology Group ( E1105)

N=98

RR, 52%

TTP, 11.1 m

RR, 52%

TTP, 12.2 m



Hormonal Therapy in HER2 -
Positive Metastatic Breast Cancer

Regimen ORR, % Median PFS, 
Months

Trastuzumab (N = 114; HER2 positive n = 79) 1 26 3.5-3.8 

Anastrozole/trastuzumab (n = 103) 2 20 4.8 

Anastrozole (n = 104) 2 7 2.4

Lapatinib/letrozole (n = 642) 3 28 8.2

Letrozole (n = 644) 3 15 3.0

Lapatinib (N = 138) 4 24 NA

1. Vogel C, et al. J Clin Oncol . 2002;20(3):719-726. 2. Kaufman B, et al. J Clin Oncol . 2009;27(33):5529-5537. 
3. Johnston S, et al. J Clin Oncol . 2009;27(33):5538-5546. 4. Gomez HL, et al. J Clin Oncol . 2008;26:2999-3005.



NOVEL ANTIBODIESNOVEL ANTIBODIES



Pertuzumab : Dimerization Inhibitor 

· HER-2 specific monoclonal 
antibody
– binds HER2 at the 

dimerization domain II 
– Disrupts ligand-

dependant HER2 
heterodimerization and 
signaling

· Pre-clinical activity in non-
HER2 overexpressing
tumors

· Activity in trastuzumab-
refractory cell lines

· In vitro synergy with 
trastuzumab

HER2 EGFR



CLEOPATRA:Study Design

Patients with
HER2-positive MBC
centrally confirmed

(n = 808)

Placebo + trastuzumabn=406

1:1

n=402

Docetaxel*
� 6 cycles recommended

PD

Pertuzumab + trastuzumab

Docetaxel*
� 6 cycles recommended

PD

*<6 cycles allowed for unacceptable toxicity or PD;  >6 cycles allowed at investigator discretion

• Randomization stratified by geographic region and p rior treatment status 
(neo/adjuvant chemotherapy received or not)

• Study dosing q3w:

• Pertuzumab/placeb 840 mg loading dose; 420 mg mainte nance

• Trastuzumab: 8 mg/kg loading dose; 6 mg/kg maintena nce

• Docetaxel 75 mg/m 2, escalating to 100 mg/m 2 if tolerated

Baselga J, et al. NEJM  2012 Jan 12;366(2):109-19.



Investigator-assessed PFS

D, docetaxel; T, trastuzumab
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CLEOPATRA:Updated Survival

Swain et. al. ESMO 2014



Baselga et. al. J Clin Oncol. 2014 Nov 
20;32(33):3753-61.



Target-Dependent Cytotoxic Activity

· DM1-Derivative of maytansine:
– Naturally occurring antitumor 

antibiotic
– Significant preclinical activity, but 

significant clinical toxicity as free 
drug

· Trastuzumab-DM1 is designed to 
preferentially deliver DM1 to 
HER2+ tumor cells:

– Improve therapeutic index of DM1
– Maintain biological effect of 

trastuzumab

Trastuzumab -DM1



Study Design

Randomized, phase II, international, open-label stu dyb

Stratification factors: World region, prior adjuvan t trastuzumab therapy, disease-free interval 

Primary end points: PFS by investigator assessment,  and safety

Data analyses were based on clinical data cut of No v 15, 2010 prior to T-DM1 crossover

Key secondary end points: OS, ORR, DOR, CBR, and QO L

1:1 
HER2-positive, 

recurrent locally 
advanced breast 
cancer or MBC 

(n=137)
PDa

aPatients were treated until PD or unacceptable toxi city.
bThis was a hypothesis generating study; the final P FS analysis was to take place after 72 events had o ccurred.

Trastuzumab 
8 mg/kg loading dose; 

6 mg/kg q3w IV

+ Docetaxel 
75 or 100 mg/m 2 q3w

(n=70)

PDa

T-DM1
3.6 mg/kg q3w IV

(n=67)

Crossover to

T-DM1 

(optional)

Hurvitz SA, et al. J Clin Oncol. 2013 Mar 20;31(9):11 57-63



Progression -Free Survival by Investigator
Randomized Patients



Incidence of Hematologic Adverse Events: 
� 30% (All Grade) and/or � 5% (Grade � 3) of Patients a

Adverse Event

All Grades, n (%) Grade � 3
b
, n (%)

Trastuzumab + 
docetaxel 

(n=66)
c

T-DM1 
(n=69)

c,d

Trastuzumab + 
docetaxel 

(n=66)
c

T-DM1 
(n=69)

c,d

Neutropenia e 42 (63.6) 12 (17.4) 40 (60.6) 4 (5.8)

Febrile neutropenia 9 (13.6) 0 9 (13.6) 0

Thrombocytopenia e 4 (6.1) 21 (30.4) 2 (3.0)f 6 (8.7)f

Leukopenia e 18 (27.3) 6 (8.7) 17 (25.8) 0

Red represents AEs with � 20% difference between treatment arms.

aIn either treatment arm.
bNo adverse events listed were grade 5.
cTwo patients mistakenly received a dose of T-DM1 an d were thus included in the T-DM1 arm for safety an alyses.
dIncludes 3 patients who received at least 1 dose of  trastuzumab alone or trastuzumab plus docetaxel.
eNeutropenia includes events classified as MedDRA pr eferred terms neutropenia or neutrophil count decre ased; 
thrombocytopenia includes events classified as MedD RA preferred terms thrombocytopenia, platelet count  
decreased or heparin-induced thrombocytopenia; leuk openia includes events classified as MedDRA preferr ed terms 
leukopenia or white blood cell count decreased.

fAll of these events were grade 3.



Verma et. al. N Engl J Med. 2012 Nov 8;367(19):1783-91 



Progression -Free Survival 
by Independent (IRC) and Investigator (INV) Review

496 404 310 176 129 73 53 35 25 14 9 8 5 1 0 0

495 419 341 236 183 130 101 72 54 44 30 18 9 3 1 0
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Overall Survival: Second Interim Analysis

496 471 453 435 403 368 297 240 204 159 133 110 86 63 45 27 17 7 4
495 485 474 457 439 418 349 293 242 197 164 136 111 86 62 38 28 13 5

Cap + Lap
T-DM1

No. at risk:

Median (months) No. of events

Cap + Lap 25.1 182

T-DM1 30.9 149

Stratified HR=0.682 (95% CI, 0.548–0.849)

P=.0006
Efficacy stopping boundary P=.0037 or HR=0.727

Time (months)

78.4%
64.7%

51.8%

85.2%
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Data cutoff July 31, 2012; Unstratified HR=0.70 (P=.0012). 



2

T-DM1c

(optional 
crossover)

TH3RESA: A Phase III Trial of T -DM1 vs TPC

· Stratification factors: World region, number of prior regimens for advanced BC,d

presence of visceral disease

· Co-primary endpoints: PFS by investigator and OS

· Key secondary endpoints: ORR by investigator and safety

PD

PD
T-DM1 

3.6 mg/kg q3w IV
(n=404)

Treatment of 
physician’s choice 

(TPC)b

(n=198)

HER2-positive (central) 
advanced BC a

(N=600)

� 2 prior HER2-directed 
therapies for advanced BC

Prior treatment with 
trastuzumab, lapatinib, 

and a taxane

aAdvanced BC includes MBC and unresectable locally advanced/recurrent BC.
bTPC could have been single-agent chemotherapy, hormonal therapy, or HER2-directed therapy, or a combination of a HER2-directed therapy 
with a chemotherapy, hormonal therapy, or other HER2-directed therapy.

c First patient in: Sep 2011. Study amended Sep 2012 (following EMILIA 2nd interim OS results) to allow patients in the TPC arm to receive 
T-DM1 after documented PD.

dExcluding single-agent hormonal therapy.
BC, breast cancer; IV, intravenous; ORR, objective response rate; PD, progressive disease.

1

Krop et. al. Lancet Oncol. 2014 Jun;15(7):689-99



OS: Analysis still early

• 44 vs 61 events, HR 0.552, 
p=0.0034 (14.9 vs NE)

• Stopping boundary HR<0.363 or 
P<0.000013
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MARIANNE: A Phase III Study of T-DM1 + Pertuzumab V s. 
Trastuzumab + Taxane in Patients with MBC: Study De sign

• Primary endpoints: PFS as assessed by IRF; Safety

• Secondary endpoints: OS; PFS by investigator; PRO a nalyses; Biomarkers

Trastuzumab + taxane 

(until PD)

n=364

T-DM1 + PTZ 

(until PD)

n=364

Stratification: 
• World region
• Neo/Adjuvant therapy (Y/N)
• Trastuzumab and/or 

lapatinib based therapy (Y/N)
• Visceral disease (Y/N)

T-DM1 + PTZ placebo (until 
PD)

n=364

Patients with HER2+ Progressive or 
Recurrent Locally-advanced Breast 

Cancer or Previously Untreated MBC 
(n=1092)



Press Release….







André F et. al. Lancet Oncol. 2014 May;15(6):580-91



Hurvitz SA et al. Phase 3, randomised, double blind, placebo controlled multicentre trial of daily everolimus plus weekly trastuzumab and 
paclitaxel as first-line therapy in women with HER2+ advanced breast cancer: BOLERO-1/TRIO 019. As presented at SABCS 2014
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Clinical Rationale for Evaluating HR -
subpopulation

� Extensive cross-talk between ER and HER2 pathways; inhibition 
of HER2 signalling increases activation of ER transcription which 
may act as an escape mechanism from HER2-directed agents

� Co-inhibition of the ER and HER2 pathways might improve treatment 
outcomes

� BOLERO-3; clinical benefit was more pronounced in HR -
population

To prospectively validate the hypothesis of differential efficacy of everolimus in 
patients with HR- disease, the study was amended to include PFS analyses in the 

HR- subpopulation as a second primary objective

Hurvitz SA et al. Phase 3, randomised, double blind, placebo controlled multicentre trial of daily everolimus plus weekly trastuzumab and 
paclitaxel as first-line therapy in women with HER2+ advanced breast cancer: BOLERO-1/TRIO 019. As presented at SABCS 2014

Statistics required
Full population p=0.0174

HR subpopulation p=0.0044
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Hurvitz SA et al. Phase 3, randomised, double blind, placebo controlled multicentre trial of daily everolimus plus weekly trastuzumab and 
paclitaxel as first-line therapy in women with HER2+ advanced breast cancer: BOLERO-1/TRIO 019. As presented at SABCS 2014

Primary objective for PFS was not met
Safety profile consistent with BOLERO-3
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Hurvitz SA et al. Phase 3, randomised, double blind, placebo controlled multicentre trial of daily everolimus plus weekly trastuzumab and 
paclitaxel as first-line therapy in women with HER2+ advanced breast cancer: BOLERO-1/TRIO 019. As presented at SABCS 2014
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Hurvitz SA et al. Phase 3, randomised, double blind, placebo controlled multicentre trial of daily everolimus plus weekly trastuzumab and 
paclitaxel as first-line therapy in women with HER2+ advanced breast cancer: BOLERO-1/TRIO 019. As presented at SABCS 2014



Bolero -1: Conclusions
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Hurvitz SA et al. Phase 3, randomised, double blind, placebo controlled multicentre trial of daily everolimus plus weekly trastuzumab and 
paclitaxel as first-line therapy in women with HER2+ advanced breast cancer: BOLERO-1/TRIO 019. As presented at SABCS 2014



MM302

Reynolds, J. 2012. Toxicology and Applied Pharmacology, 262(1), 1–10



MM302

• Stratification factors: Geographic region, # prior anti-cancer regimens 
for MBC, presence of visceral disease

• Primary end points: PFS, randomized phase II, ongoing

1:
1 

Trastuzumab + MM302 
q3w

Trastuzumab q 3 wk
+ 

TPC
(Cape, vin, gem)



HER2-TDB

· 4D5-based bispecific antibody targets HER2 
and conditionally activates T cells. 

· Kills cells refractory to T-DM1, T & L. 
· Mechanism independent of HER2 signaling or 

chemosensitivity
· PD-L1 expression in tumors limited HER2-TDB 

activity; resistance could be reversed by anti-
PD-L1 treatment. 

· Combining HER2-TDB with anti-PD-L1 yielded 
enhanced tumor growth inhibition

Junttila TT. Cancer Res. 2014 74(19):5561-71
Onartuzumab



Vaccines
· A Phase I Study of Peptide Vaccination + sargramostim

· Phase I TGFBeta resistant HER2/EBV-CTLs gene transfer. Administration 
of Her2 Chimeric Receptor and TGFbeta Dominant Negative Receptor (DNR) Expressing 
EBV Specific Lymphocytes for Subjects With Advanced Her2+ Malignancy

· Randomized phase I/II trial rintatolimod + HER2 peptide vaccine and GM-CSF for stage II-
IV HER2+ breast cancer.  Adjuvant therapies, such as GM-CSF and rintatolimod, are 
additional cancer treatments given after the primary treatment to lower the risk of 
recurrence

· Phase I:  Adenoviral Transduced Autologous Dendritic Cell Vaccine Expressing 
Human HER2 ECTM in tumors HER2 1-3+.  The vaccine, called AdHER2/neu dendritic 
cell vaccine, is made using an individual’s own immune cells to produce the vaccine.

· A Phase I:  Safety and Immunogenicity of a Multi-epitope HER-2/Neu Peptide Vaccine in 
previously treated HER-2+ BC, Mayo Clinic

· Phase II: HER-2 Intracellular Domain (ICD) Peptide-Based Vaccine for LABC/Stage 
IV HER2+ receiving trastuzumab.  U Washington

· Phase I, BNIT-BR-002, a modified vaccinia vaccine :  Fixed dose of MVA-BN®-HER2, �
Herceptin, following 1st- or 2nd-line chemo in HER2+ MBC. Completed.



Current Approach to HER2+ MBC

· First line: Pertuzumab-trastuzumab-taxane or 
Trastuzumab + AI

· Second line: T-DM1

· Third line: Many options…optimal timing unknown

– Lapatinib-trastuzumab

– Lapatinib-capecitabine

– Trastuzumab-vinorelbine-everolimus (?)

– Trastuzumab-other chemotherapy



Select Agents Under Investigation in 
HER2+ BC

· Afatinib

· Neratinib

· Canertinib

· TAK-285

· BMS-599626

· CP-724714

Vaccines

TK inhibitors PI3K/PTEN inhibitors

• XL147
• BKM120

mTOR inhibitors

• Everolimus
• Ridaforolimus

PI3K/AKT/mTOR inhibitor

• BEZ235

HSP90 inhibitors

• Panobinostat

HDAC inhibitor

• AUY922
• Ganetsepib

IGF-1R/InsR TKI

• BMS-754807

Angiopoietin 1/2 inhibitor

• AMG 386



Summary
· HER2-positive patients now have an expanding menu o f options for 

their treatment; metastatic disease will be increas ingly rare in 
countries with access to anti-HER2 treatment in the  neo/adjuvant 
setting

· Continued HER2 blockade beyond progression seems im portant

· Dual blockade appears better than single blockade

· Pertuzumab is approved for use in the neoadjuvant set ting

· Continued exploration of mechanisms of resistance i s necessary, 
to be able to individualize therapy

· One year of adjuvant trastuzumab therapy remains the  standard


