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TNBC Classification 
 molecular subtypes and potential targets for treatments  

Modified from Le Du 2015 

- Lehmann’s/Burstein’s 
- PAM50/claudin-low 
- potent overlaps   

1. Basal-like  (DNA-repair deficiency or 
growth factor patway) 
2. Mesenchymal-like (epithelia to-
mesenchymal transition and cancer stem 
cell features) 
3. immune-associated TNBC 
4. Luminal/apocrine with androgen-receptor 
overexpression 
5. HER2-enriched  



Modified from Le Du 2015 

- Immune cell signaling (B, T and NK cells), citokine 
signaling, antigen processing-presentation and 
core immune signaling trasduction pathway are 
enriched in the immune cell process 
 
- The immune response signature is correlates 
with enhanced levels of immune cell infiltration 
and resulted in good clinical outcome in TNBC 
 

- Tumor-infiltrating lymphocytes seem predictive 
of neoadjuvant CT response 

Immune - modulatory/associated TNBC  

IMMUNE CHECKPOINT 

Inhibition of checkpoint and enhancing T-cell activity against tumor cell could be therapeutic 
 
Activation of CTLA-4, the cell surface receptor of Lymphocyte T regulators down-modulates 
the amplitudine of T-cell activation 
 
PD-1 and its ligand PD-L1 is a potent mechanism by which immunogeic tumors evade host 
immune response, through enhencing T-cell immune response. PD-L1 expression appears to 
be a potential predictive biomarker of response 



Checkpoint inhibitors: at which phase study are? 

Phase I Phase I/II or II Phase III 

Anti-CTLA4 therapies Anti-PD1 therapies Anti-PDL1 therapies 

Ipilimumab Tremelimumab Nivolumab Pembrolizumab atezolizumab Durvalumab 
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Advanced NSCLC: 1L  

Advanced NSCLC: 2L/3L 

Adjuvant NSCLC 

UBC 

Advanced melanoma 

Adjuvant melanoma 

Advanced RCC 

Adjuvant RCC 

Breast 

Head and neck 

Colorectal 

Glioblastoma 

Pancreatic cancer 

Hepatocellular carcinoma 

Gastric 

Ovarian 

Cervical 
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Diffuse large B-cell lymphoma (DLBCL) 

NHL/follicular lymphoma 

Hodgkin’s lymphoma 

Multiple myeloma 

Chronic myelogenous leukaemia 

Myelodysplastic syndrome 

Few Results in BC 
 but  

Many Prospectives  



Overview of key studies in breast cancer 

www.clinicaltrials.gov. 

2014 2015 2016 2017 2018 2019 

Nivolumab 

Pembrolizumab 

Durvalumab 

2020 

PhI/II ±ipi solid tumours, incl. TNBC (NCT01928394) 

PhI/II solid tumours, incl. TNBC (NCT01693562) 

PhI/II HER2+ BC +trastuzumab (PANACEA; NCT02129556) 

PhI solid tumours, incl. TNBC (KEYNOTE-012; NCT01848834) 

All PD-1/PD-L1 inhibitors are being investigated in breast cancer as part of early phase I or I/II 
studies in solid tumours. 

Nivo 

Pembro 

Durval 

Estimated study timelines based on 
start date and completion date from 

www.clinicaltrials.gov 

Atezolimumab PhI/II solid tumours, incl. TNBC (NCT01693562) 

Atezoll 

http://www.clinicaltrials.gov/
http://www.clinicaltrials.gov/


- Reported rates of PD1 and/or PD-L1 expression by TILs or 
carcinoma cell is vary (differences in tumor sample size, 
sampling and detection) 
 

- PD-1 + TILs associated to aggressive phenotype, high tumor 
grade, ER-.  Worse survival in Luminal B and basal-like 
 

- PD-L1 espressed in TNBC ranges 19%-59% 
 

- PD1 + TILs and PD-L1+ carcinoma cells more present in TNBC 
than other subtypes 
 

- PD-L1 by FISH : 30% BC 
 

- High PD-L1 expression + higher levels of TILs predict pCR to 
neoadjCT 

Biomarkers of the PD-1 Pathway in BC 
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Phase Ib and phase Ib/II ongoing studies of Pembro in mBC 
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PANACEA (NCT02129556) 
Phase Ib/II study of pembrolizumab + trastuzumab in trastuzumab-resistant, HER2-positive, PD-L1+ 
metastatic breast cancer 

• Loco-regional or metastatic breast cancer (HER2-positive, 
ERBB2-amplification) 

• Prior PD with trastuzumab 
• FFPE tumour biopsy sample 
• ECOG PS 0–1 

n=46 
Primary endpoint: DLT, efficacy (responses) and safety 
Secondary endpoints: safety and tolerability, disease control, 
DoR, TTP, PFS, OS 

Pembrolizumab 1, 2 or 10mg/kg iv q3w +  
trastuzumab 6mg/kg iv q3w 

This is a co-operative study with 
the International Breast Cancer 

Study Group 

Molecule Companion Phase 
Study 

n. Study 

Pembro Eribulin Ib/II NCT02513472 



Phase III 
Pembrolizumab in MBC 

600 pts 

Primary aim PFS 



Molecule Companion Phase 

Study 

n. Study 

Nivolumab 

(TONIC study) 

Alone II NCT02499367 

Nivolumab Ipilimumab, 

Entinostat 

II  NCT02453620 

Nivolumab Nab-paclitaxel I-II NCT02309177 

Nivolumab Trastuzumab* Ib-II NCT02129556 

*Patients With Trastuzumab-resistant, HER2-positive MBC  
 

Nivolumab Investigations for TNBC phase I/II trials 
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NCT01928394 
Phase I/II study of nivolumab ± ipilimumab in advanced or metastatic solid tumours including TNBC 

• Locally advanced or metastatic 
tumours 

• TNBC, GC, pancreatic, SCLC or bladder 
cancer 

• ECOG PS 0–1 
n=410 

Nivolumab 1mg/kg iv q3w + 
ipilimumab 3mg/kg iv q3w (4 doses) 

Nivolumab 3mg/kg iv q2w 

Nivolumab 3mg/kg iv q2w 

PD 

Primary endpoint: ORR 
Secondary endpoints: AEs 



A phase I/II study is investigating the safety and efficacy  
of Durvalumab in TNBC 

Dose escalation 
(squamous and non-squamous 
NSCLC, melanoma, RCC, CRC) 

Expansion 
(squamous and non-squamous NSCLC, 

SCCHN, pancreatic, melanoma, 
gastroesophageal, TNBC, HCC) 
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NCT01693562 
Phase I/II study of durvalumab in advanced solid tumours including TNBC 

• Advanced solid tumours 
• Refused, failed or ineligible for 1L therapy where 

available (dose expansion) 
• Available tumour tissue 
• Willing to provide biopsies (dose expansion) 
• ECOG PS 0–1 

 

Durvalumab 0.1–10mg/kg iv q2w or 
15mg/kg q3w (1 year) 

Primary endpoint: safety (DLTs and AEs), efficacy 
Secondary endpoints: pharmacokinetics, ORR, DCR, DoR, 
PFS, OS 

Durvalumab 0.1–10mg/kg iv q2w  
(1 year) 



 Patients enrolled at 10, 15 and 20mg/kg 

Other 
tumour 
types 

NSCLC  Melanoma RCC TNBC UBC 

20mg/kg 10mg/kg 3mg/kg  1mg/kg 0.3mg/kg 

0.01mg/kg  0.1mg/kg 0.03mg/kg 

Phase Ia expansion ongoing 

n=12 n=6 n=3 n=3 n=3 

n=1 n=1 n=1 

q3w dosing 
DLT window cycle 1 days 1–21 

Standard phase I DLT criteria used 
Standard 3 + 3 at doses ≥0.3mg/kg 

Atezolizumab: PCD4989g phase Ia study 

Dose escalation and expansion 

.  
Adapted from 1. Hodi FS, et al. ECC 2013, Poster 880P; 2. Soria, et al. ECC 2013; 4. Hamid O, et al. J Clin Oncol 2013; 
31(suppl): abstr 9010; 5. Cho DC, et al. J Clin Oncol 2013; 31(suppl): abstr 4505; 6. Powderley, JD et al, J Clin Oncol 2013; 
31(suppl): abstr 3001; 7. Powles T, et al. J Clin Oncol 2014; 32(suppl): 5s,(abstr 5011); 8. Tabernero, et al. J Clin Oncol 2013; 
32(suppl): abstr 3022. References 1, 2 available at http://www.poster-submission.com/board/ - Last access March 2015. 

n=68* n=85* n=44* n=55* n=26* n=20* 

Mandatory 
serial tumour 

biopsies* 

http://www.poster-submission.com/board/
http://www.poster-submission.com/board/
http://www.poster-submission.com/board/
http://www.poster-submission.com/board/


 
Characteristic 

All patients  
(n=277) 

Median age, years (range) 61 (21–88) 
Male/female, % 63/37 

Tumour type, n (%) 
     Melanoma 45 (16) 
     RCC 68 (25) 
     NSCLC 85 (31) 
     Other‡ 79 (29) 
ECOG PS, n (%) 
     0 140 (50) 
     1 137 (50) 
Prior radiotherapy, n (%) 129 (47) 
Prior systemic regimens, n (%)* 

 0 33 (12) 
     1 57 (21) 
      2 61 (22) 
      ≥3 126 (45) 

Atezolizumab: PCD4989g phase Ia study all tumour types 
Patient demographics and disease characteristics 



Adverse event* 

Treatment-related, n (%) 
(n=277) 

Any grade Grade 3/4 

Any AE 194 (70) 35 (13) 

Fatigue 67 (24) 5 (2) 

Decreased appetite 33 (12) 0 (0) 

Nausea 32 (12) 1 (<1) 

Pyrexia 32 (12) 0 (0) 

Diarrhoea 29 (11) 0 (0) 

Rash 29 (11) 1 (<1) 

Pruritus 23 (8) 0 (0) 

Arthralgia 22 (8) 0 (0) 

Headache 21 (8) 1 (<1) 

Chills 19 (7) 0 (0) 

Influenza-like illness 16 (6) 1 (<1) 

Atezolizumab: PCD4989g phase Ia study all tumour types 

Safety summary 

‡Patient had sinus thrombosis and cardiac/great vessel invasion by tumour at baseline; event suspected to be caused by 
treatment, disease under study and concurrent illness. 
Adapted from Hodi FS, et al. ECC 2013, Poster 880P available at http://www.poster-submission.com/board/ - Last access 
March 2015. 

• One treatment-related death (cardiorespiratory arrest).‡ 

• Treatment-related grade 3/4 AEs in 35 patients (13%). 

• Immune-related grade 3/4 AEs in 3 patients (1%). 

• No DLTs or grade 3–5 pneumonitis; MTD not reached. 

Most AEs were grade 1 or 2 

and did not require intervention 

http://www.poster-submission.com/board/
http://www.poster-submission.com/board/
http://www.poster-submission.com/board/
http://www.poster-submission.com/board/
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) Complete/partial response§ 

Stable disease 

Positive* 
(n=56) 

Negative* 
(n=94) 

All‡ 

(n=175) 

Atezolizumab -  phase Ia study all tumour types 

Proportion of patients with stable disease or a complete/partial 
response by PD-L1 immunohistochemistry status 

Is there the target? 

*PD-L1+ defined as patients with ≥5% tumour-infiltrating immune cells positive for PD-L1; PD-L1- is defined as patients with <5% 
tumour-infiltrating immune cells positive for PD-L1; ‡All patients include PD-L1+, PD-L1- and patients with unknown tumour PD-L1 
status; §One patient (PD-L1+ RCC) had a complete response. 
Adapted from Hodi FS, et al. ECC 2013, Poster 880P available at http://www.poster-submission.com/board/ - Last access March 
2015.  
Patients first dosed at 1-20mg/kg prior to 1 Oct 2012; data cutoff 30 Apr 2013. 

http://www.poster-submission.com/board/
http://www.poster-submission.com/board/
http://www.poster-submission.com/board/
http://www.poster-submission.com/board/


Diagnostic-based treatment decisions 

Diagnostic testing 
(PD-L1 status) 

Dx+ 

Monotherapy 

Dx- 

Combination 
therapy 

Patients who score 

positive for PD-L1 status 

may respond favourably 

to checkpoint inhibitors as 

single agents 

Patients who score 

negative for PD-L1 status 

may be eligible for 

combination therapies 



Biomarker programme in development 

 

 

• Current biomarker analysis in tumour tissue 

– PD-L1 expression by IHC: development of a diagnostic assay. 

• Exploratory biomarkers 

– In tumour tissue 

• PD-L1 gene expression levels  

• Driver mutations in disease (e.g. EGFR, KRAS) 

• The tumour immune microenvironment. 

– In blood 

• Immune cell subpopulations (e.g. Tregs, memory T-cells) 

• Cytokines 

• Other exploratory markers (e.g. ctDNA). 

Goal is to evaluate 
• Predictive biomarkers of response 
• Biomarkers of progression, mechanisms of resistance 
• PD-L1/PD-1 pathway and relevant immune biology. 



Anti – CTLA-4 Mabs 
Ipilimumab 

 
-Tumor necrosis/infarction was observed in 9/12 pts who underwent cryo. A trend 
toward an increased frequency of blood CD4+ICOS+, CD8+ICOS+, CD4+Ki67+ and 
CD8+Ki67+ T-cells was observed at TM compared with baseline in the Ipi treated 
groups only.  
-TILs in the TM specimens suggested a higher ratio of CD8+Ki67+ T-cells to 
CD4+CD25+FOXP3+ (T-regulatory) cells in group C when compared with A&B.  
 
Pre-op cryo and ipi, alone or in combination, are safe/tolerable in pts with ESBC. 
Immune correlates revealed activation of T-cells in the blood in single-dose ipi 
treated pts and a modest increase in the ratio of tumor CD8+Ki67+ T-cells to T-
regulatory cells after combination therapy only. A Phase II study ongoing 

Preoperative  
1-Cryo - alone, 
2- Ipi - alone 
3-Combination  
 



Anti – CTLA-4 Mabs 
Tremelimumab 

Vondhereide Clin Cancer Res 2010 

    26 pts 
 
 

Best ORR : NC 42% for 12 weeks 



Tumor Vaccines 
Target in BC 

Antigen specific vaccines 
 - Her2 peptide and proteins vaccines given with adjuvant GM-CSF in HER2 + BC 
 
 - HER2 peptide-based vaccination with standard trastuzumab therapy  
  22 pts mBC HER2+ 
  survival not reached (median follow up 3 yrs) 
 - HER2 protein vaccin with Lapatinib  
  12 pts mBC HER2+ refractory to trastuzumab (100% antobody, 8% T-cell  
specific 
 
 
 - MUC1 (aberrantly glycosilate protein derived from secretory tissue + low dose of   
 Cyclophosfamide: higher antibody levels and longer median survival 

Cimino-Mathews, Foote, Emens , Immune Targeting in Breast Cancer 2015  
 



*Merck KGaA is based in 
Germany, and is a separate 
company to the US-based 
Merck www.clinicaltrials.gov. 

Lirilumab  
(IPH-2102) 
Leukaemia 

Innate Pharma/BMS 

Citoplurikin  
(IRX-2) 

SCCHN, BC 
IRX Therapeutics 

Siltuximab  
(CNTO-328) 
H&N, ProsC 

Centocor 

Fresolimumab 
Glioma 
Sanofi 

Urelumab  
(BMS-663513) 

Mel, Solid Tumours 
BMS 

Karostim 
(IPH-2101) 
Myeloma 

Innate Pharma 

EGEN-001 
CRC, Ovarian 

EGEN 

IL-12 
Mel, Lymphoma 

OncoSec 
Medical/Inovio 

Galunisertib  
(LY-2157299) 

GBM, PanC, HCC 
Eli Lilly 

INXN-2001/1001  
Mel, BC 

Intrexon/ 
Ziopharm 

ISF-35 
Leukaemia, Lymphoma 

Memgen 

Xilonix (MABp1) 
CRC 

XBiotech 

Siltuximab (CNTO-328) 
Myeloma 
Centocor 

Ipilimumab 
ProsC, SCLC, NSCLC, RCC, 
GBM, HCC, Cervical, BC, 
Sarcoma, Lymphoma, 
PanC, Ovarian, CRC, 
Urothelial, Gastric 

BMS 

Nivolumab 
NSCLC, RCC, Mel, GBM, 

SSCHN, Gastric, 
Lymphoma, Leukaemia, 

PanC, Cervical, CRC 
BMS 

Pembrolizumab 
NSCLC, Urothelial, SSCHN, 

Mel, RCC 
Merck 

atezolizumab 
NSCLC, RCC, Bladder 

Roche 

Durvalumab 
NSCLC, Mel, CRC, SCCHN, 

Lymphoma 
AstraZeneca 

Pidilizumab  
(CT-011) 

Lymphoma, Mel, CRC, 
PanC, ProsC, GBM, RCC, 

Leukaemia, Myeloma 
Medivation 

MSB0010718C 
Gastric 

Merck KGaA*/Pfizer 

Tremelimumab 
Mesothelioma, NSCLC, 

Lymphoma, CRC, Mel, HCC 
AstraZeneca 

Immunomodulator 

The immunotherapy landscape for cancer is diverse and 
includes treatments for most tumour types 

Vx-001 
NSCLC 

Vaxon Biotech 

CB-10-01 
Mel 

Cosmo Bioscience 

CV-9201 
NSCLC 

CureVac 

DPV-001 
NSCLC 
UbiVac 

HS-110 
NSCLC 

Heat Biologics 

S-488410 
NSCLC 
Shinogi 

FANG™ Vaccine 
Ovarian/CRC/Mel 

Gradalis 

GI-4000 
CRC/PanC/NSCLC/ 

Ovarian/Gastric 
GlobeImmune 

GVAX 
Leukaemia/PanC/ 

ProsC 
Aduro Biotech 

OPT-822/OPT-821 
BC/Ovarian 

Optimer Pharma 

CDX-1401 
Mel/Advanced 
Malignancies 

Celldex T’peutics 

SCIB-1 
Mel 

Scancell 

GSK-2302032A 
NSCLC 

GSK 

HS-410 
Bladder 

Heat Biologics 

Phase II Phase III 

TG-4010 
NSCLC 

Transgene/Virax/ 
Novartis 

Turgenpumatucel-L 
NSCLC 

NewLinks Genetics  

POL-103A 
Mel 

Polynoma LLC 

Talimogene 
laherparepvec 

Mel  
Amgen 

Nelipepimut-S 
(NeuVax) 

BC  
Galena Biopharma 

AE-37  
BC 

Generex 

Lucanix 
NSCLC 

NovaRx  

Astuprotimut-R 
Mel 
GSK 

IMA-901  
RCC 

Imatics Biotech 

AGS-003 
RCC 

Argos T’peutics 

Tecemotide 
NSCLC 

Oncothyron/Merck 
Serono 

Racotumomab 
NSCLC 

CIM/Innogene 
Kalbiotech 

M-Vax 
Mel  

Avax Technologies 

Dorgenmeltucel-L 
Mel 

NewLinks Genetics  

Algenpantucel-L 
PanC 

NewLinks Genetics  

HyperAcute Prostate 
ProsC 

Heat Biologics 

Tecemotide 
Rectal, ProsC,  
Myeloma, CRC 

Oncothyron/Merck 
Serono 

Vaccine CTLA-4 inhibitor PD-1 inhibitor PD-L1 inhibitor 

Ipilimumab 
ProsC, SCLC, NSCLC, RCC, 
GBM, HCC, Cervical, BC, 
Sarcoma, Lymphoma, 
PanC, Ovarian, CRC, 
Urothelial, Gastric 

BMS 

Nivolumab 
NSCLC, RCC, Mel, GBM, 

SSCHN, Gastric, 
Lymphoma, Leukaemia, 

PanC, Cervical, CRC 
BMS 

Pembrolizumab 
NSCLC, Urothelial, 

SSCHN, Mel, RCC, BC 
Merck 

atezolizumab 
NSCLC, RCC, Bladder 

Roche 

Durvalumab 
NSCLC, Mel, CRC, 

SCCHN, Lymphoma 
AstraZeneca 

Pidilizumab  
(CT-011) 

Lymphoma, Mel, CRC, 
PanC, ProsC, GBM, RCC, 

Leukaemia, Myeloma 
Medivation 

MSB0010718C 
Gastric 

Merck KGaA*/Pfizer 

Tremelimumab 
Mesothelioma, NSCLC, 
Lymphoma, CRC, Mel, 

HCC 
AstraZeneca 

There are many vaccines 
currently in development across 

multiple tumour types 

There are many vaccines 
currently in development across 

multiple tumour types 

Therapies are in development that 
target the PD-1/PD-L1 immune 

checkpoint 

Checkpoint inhibitors (anti-CTLA4, anti-
PD1 and anti-PDL1) are in development 

for treatment of a range of tumour 
types 

There are several 
immunomodulators 

currently in phase II or III 
clinical trials, with many 

more in early 
development 

There are several 
immunomodulators 

currently in phase II or III 
clinical trials, with many 

more in early 
development 

http://www.clinicaltrials.gov/



