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HER2/Neu Oncogene Discovery 

• 1984: Neu transforming gene identified in chemically 
induced rat neuro-glioblastoma1  

• 1985: HER2 amplification identified in human breast 
cancer2 

• 1985: HER2 and c-erbB2 identified and found to be 
the same gene as neu3 

• 1986: Neu oncogene had activating point mutation in 
transmembrane domain4 

• 1987: HER2/neu amplification associated with worse 
prognosis in operable breast cancer5 

 

1Schecter AL et al. Nature 1984;312:513-516 
2King CR et al. Science 1985;229:974-976 

3Coussens L et al. Science 1985; 230:1132-1139 
4Bargmann CI et al. Cell 1986;45:649-657 

5Slamon DJ et al. Science 1987; 237:177-182 



May 2005: American Society of Clinical 
Oncology (ASCO) meeting in Orlando, Florida 

“Biology has spoken, and we should listen.” 
 



Biological Significance of HER  

• The HER pathway has been described 
in systems biology terms as a complex 
biological network comprised of three 
layers,  

• an input layer of membrane receptors 
and their ligands to trigger the signal 
coming from outside the cell,  

• a core system processing layer of protein 
kinases transmitting the signal to the 
nucleus,  

• an output layer of transcription factors 
regulating genes that affect various 
cellular functions  



Importance of HER2Neu 

• Input layer is comprised of 4 membrane 
receptors/tyrosine kinases (TKs) (HER1–4) and 
their many ligands  

• Upon ligand binding to their extracellular domains, 
HER proteins undergo dimerization and trans 
phosphorylation of their intracellular domains 

• In breast cancer, HER2 is the dominant TK receptor, 
being amplified in 20% of cases 

• HER2 does not have a ligand and relies on 
heterodimerization with another family 
member or homodimerization with itself when 
expressed at very high levels to be activated 

• HER2 has the strongest catalytic kinase activity and 
HER2 containing heterodimers have the strongest 
signaling activity 
 
 
 
 
 
 
 
 
 
 



HER2 Detection in Breast Cancer 

• In 2007 the American Society of Clinical Oncology and the College of American 
Pathologists developed recommendations for HER2 testing performance to 
reduce assay errors 

• Historically assay error rates were as high as 20% when compared to centralized 
laboratories 

• Tests are performed on tumour samples that are fixed in buffered formalin and 
embedded in paraffin 

• Immunohistochemistry (IHC),  

• Molecular testing with in situ hybridization: single and dual probe 
• fluorescence in situ hybridization (FISH),  

• chromogenic in situ hybridization (CISH)  

• silver enhanced in situ hybridization (SISH) 
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Clinical decision making 
Anti her2neu therapy 

Indications 

• Curative intent 
• Adjuvant 

• Sequential 

• Concurrent 

• Neoadjuvant 

• Palliative intent 
 

Monoclonal Antibodies 

• Trastuzumab 

• Pertuzumab 

• “Ado-Trastuzumab” 

Tyrosine Kinase Inhibitors 

• Lapatinib 

• Neratinib 

• Tucatinib 

 



The molecules 



Curative setting: Adjuvant 

• Trastuzumab combined with Chemotherapy in patients with HER2 
overexpression/amplification approximately halves the recurrence 
and mortality risk, compared with ChT alone, translating into a 10% 
absolute improvement in long-term DFS and 9% increase in 10-year 
OS  

• Trastuzumab is approved in patients with node-positive disease and 
in N0 patients with tumours > 1 cm 

• In patients with N0 tumours >5mm and < 1 cm, it should also be 
considered in this patient group, particularly in ER negative disease  



Evidence 

Sequential versus concurrent 





Duration 



1 year still standard despite higher incidence 
of cardiac dysfunction 



Sequential versus concurrent :  
NCCTG (North Central Cancer Treatment Group) 

N9831 

Increase in DFS with concurrent trastuzumab and paclitaxel 
relative to sequential administration 
 



Neoadjuvant therapy 

• Pathological CR is the primary objective 

• Introduction of anti her2 therapy in neoadjuvant setting promising 

• Effective alternative of combination targeted therapy available 

 



NeoALLTO – Effect of dual HER2 blockade: Lapatinib and trastuzumab 

Lapatinib 1000 mg + trastuzumab 
4 mg/kg  2 mg/kg 

(n=152) 

Lapatinib  
1500 mg 
(n=154) 

Primary endpoint: 
 pCR R 

HER2 + 
≥2 cm 

Trastuzumab  
4 mg/kg  2 mg/kg 

(n=149) 

Paclitaxel 80 mg/m2/wk 

(12 weeks) 

 

(6 weeks) 

Baselga et al, Lancet. 2012;379:633-40. 



NeoALLTO – Effect of dual HER2 blockade: Pathologic CR 

Baselga et al, Lancet. 2012;379:633-40. 

51.3 

24.7 
29.5 

0

75

Lapatinib + trastuzumab
(n=152)

Lapatinib
(n=154)

Trastuzumab
(n=149)

pCR (%) 

***p=0.0001 vs trastuzumab alone 

*** 



NeoSphere – Neoadjuvant pertuzumab + trastuzumab: Study design 

Gianni et al, Lancet Oncol. 2012;13:25-32. 

Trastuzumab + pertuzumab + 
docetaxel 
(n=107) 

Trastuzumab + pertuzumab  
(n=107) 

Primary endpoint: 
 pCR R 

HER2 + 
≥2 cm 

Trastuzumab + docetaxel 
(n=107) 

Docetaxel 75 mg/m2 q3w 
Trastuzumab 8 mg/kg  6 mg/kg 
Pertuzumab 840 mg/kg  420 mg/kg 
(4 cycles) 

Pertuzumab + docetaxel 
(n=96) 



NeoSphere – Neoadjuvant pertuzumab + trastuzumab: Pathologic CR 

Gianni et al, Lancet Oncol. 2012;13:25-32. 

45.8 

16.8 

24 

29 

0

50

Pertuzumab + trastuzumab
+ docetaxel
(n=107)

Trastuzumab + pertuzumab
(n=107)

Pertuzumab + docetaxel
(n=96)

Trastuzumab + docetaxel
(n=107)

pCR (%) 

*p=0.0141 vs trastuzumab + docetaxel 

* 



Neoadjuvant therapy: KRISTINE Study Design 
 

 Open-label phase III trial 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Primary endpoint: pCR by local assessment in breast, lymph nodes (ypT0/is, ypN0) 
 Secondary endpoints: safety, BCS rate, PROs, EFS, iDFS, OS 
 Stratified by: local hormone receptor status, geographic location, stage 

Stage II-IIIC 

HER2+ EBC with  

tumor > 2 cm 

(N = 444) 

12 cycles 

adjuvant HER2 therapy* 

T-DM1 + 

Pertuzumab 

(n = 223) 

Docetaxel + 

Carboplatin + 

Trastuzumab + 

Pertuzumab 

(n = 221) 

6 cycles 

neoadjuvant therapy 

Hurvitz SA, et al. ASCO 2016. Abstract 500. 

T-DM1 + 

Pertuzumab 

Trastuzumab + 

Pertuzumab 

Surgery 

*Adjuvant therapy recommended for pts in T-DM1/pertuzumab 

group with residual disease in lymph nodes or breast (> 1 cm). 



KRISTINE: Clinical Response 

Outcome 
TCHP 

(n = 221) 

T-DM1 + P 

(n = 223) 

pCR (ypT0/is, ypN0), % 

 

56 44 

Difference: -11.3  

(95% CI: -20.5 to -2.0; P = .0155) 

pCR by receptor status, % 

 ER- and PR- 

 ER+ and/or PR+ 

 

73 

44 

 

54 

35 

BCS rate, % 

 Actual 

 Conversion* 

 

53 

70 

 

42 

66 

Hurvitz SA, et al. ASCO 2016. Abstract 500. 

 Longer maintenance of health-related QoL (HR: 0.60) and 
physical function (HR: 0.47) with T-DM1 + P vs TCHP 

 

 

*Pts originally needing mastectomy who became eligible for BCS after neoadjuvant therapy. 



KRISTINE: Safety (Neoadjuvant Phase) 

Outcome, % 
TCHP 

(n = 219) 

T-DM1 + P 

(n = 223) 

Any AE 98.6 88.3 

Serious AE 28.8 4.9 

Grade ≥ 3 AE (> 5%) 

 Any 

 Neutropenia 

 Febrile neutropenia 

 Diarrhea 

 Anemia 

 Decreased neutrophil count 

 

64.4 

25.1 

15.1 

15.1 

9.6 

9.1 

 

13.0 

0.4 

0 

0.9 

0.9 

0 

AE leading to discontinuation of any 

treatment component 
8.7 3.1 

LVEF < 50% and ≥ 10% points 

decrease from baseline 
0.5 0.4 

Hurvitz SA, et al. ASCO 2016. Abstract 500. 



KRISTINE: Conclusions 

• Superior pCR rate with neoadjuvant TCHP compared with T-
DM1 + P in early breast cancer  

• Same effect in hormone receptor status subgroup analysis 

• Rate BCS lower in T-DM1 + P arm 

• Favorable safety profile of T-DM1 + P with lower incidence 
of serious and grade ≥ 3 AEs 

• Longer health-related QoL and physical functioning with  
T-DM1 + P compared with TCHP 

• Investigators suggest chemotherapy with trastuzumab + 
pertuzumab remain neoadjuvant standard of care for 
HER2+ breast cancer 

Hurvitz SA, et al. ASCO 2016. Abstract 500. 



The KATHERINE study 



TDM1 scores over trastuzumab for adjuvant 
therapy with post neoadjuvant residual 



ExteNET: extended Anti her2 adjuvant 
therapy with NERATINIB 



First evidence of benefit of anti-her 2 therapy 
beyond 1 year 



Summary 
• Adjuvant trastuzumab is highly effective and should be given to all HER2-positive early breast cancer patients 

who do not have contraindications for its use, with the possible exception of selected cases with very low 
risk, such as T1aN0 tumours  

• One year of (neo)adjuvant trastuzumab remains a standard for the vast majority of HER2- positive patients: 
however, in highly selected, low-risk patients who receive anthracycline/taxane-based ChT, shortening 
trastuzumab duration to 6 months may be discussed  

• Trastuzumab should usually not be given concomitantly with anthracycline-based ChT and it can be safely 
combined with non-anthracycline-based ChT (i.e. taxanes) and its concomitant use is more effective than 
sequential treatment [I 

• Regular cardiac monitoring is mandatory before starting and during trastuzumab treatment  

• Dual blockade with trastuzumab/pertuzumab can be considered in high-risk patients, defined as N-positive 
or ER-negative, for the duration of 1 year, starting before or after  

• In cases of residual invasive disease after completion of neoadjuvant ChT combined with anti-HER2 therapy, 
adjuvant trastuzumab should be replaced by adjuvant T-DM1, once approved and where available  

• Extended anti-HER2 therapy with neratinib may be considered in selected high-risk patients, not previously 
treated with dual blockade, and with appropriate diarrhoea prophylaxis and management 



Anti Her2 Neu therapy in metastatic 
carcinoma breast 



KEY TRIALS SUPPORTING CURRENT 
CLINICAL PRACTICE 



KEY TRIALS SUPPORTING CURRENT 
CLINICAL PRACTICE 



KEY TRIALS SUPPORTING CURRENT 
CLINICAL PRACTICE 



Central Nervous System Metastases in HER 2-Positive Breast 
Cancer 
 

Initial locoregional treatment of CNS metastasis, followed by T-DM1 as a 

preferred option in this scenario, although trastuzumab- or lapatinib-based 
combination therapy could also be considered. 



Other targeted therapy strategies 

• Hormone receptor positive cases 

• Adjuncts to hormone therapy 

• Triple negative breast cancer 

 



Subtyping of Triple-Negative Breast Cancer: 
Implications for Therapy 



Poly (adenosine diphosphate-ribose) polymerase 
inhibitors 
 
• Play a key role in these pathways by mediating the repair of single-

strand DNA breaks via base-excision repair 

• Loss of PARP activity results in the accumulation of single-strand 
breaks, which are normally repaired by double-strand homologous 
recombination pathways that include the important tumor-
suppressor proteins BRCA1 and BRCA2 
 
 
 
 



Anti VEGF studies 



Approach to targeted therapy in TNBC 



Important studies: chemotherapy platinum 



Important studies: Immunotherapy 



Important studies: AR positive 



Important studies: PARP inhibitor 


