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PROJECT PROPOSAL 

BACKGROUND TO THE PROJECT  

Triple negative breast cancer (TNBC) is characterized by higher risk of early relapse and mortality compared to its non-
TNBC counterparts. There is no overall consensus on the optimal agents or schedule of treatments however common 
regimens include anthracyclines and/or taxanes (1), similar outcomes observed for adjuvant and neo-adjuvant regimens 
(NT) (2). Treating neoadjuvantly (3) however can provide some indication of prognosis as patients achieving a 
pathological complete response (pathCR) to NT have improved survival. For those without a pathCR, there is lack of 
proven treatments to alter their pathway. These patients are highly likely to develop metastases. This was further 
compounded by the lack of options beyond further chemotherapy in the metastatic setting until recently PARP inhibitors 
and immunotherapy emerging as promising treatment options. 

 

Tailoring therapeutic regimens for TNBC has been a longstanding unmet need. Gene expression profiling lead the 
identification of several distinct molecular subtypes within the TNBC subtype. PD-L1-based composite score and tumour 
mutation burden emerge as potential predictive biomarkers of anti-PD1/PD-L1 therapy in multiple cancer types.  TNBC 
are intrinsically more immunogenic bearing the highest number of T-cells, and intra-tumoral CD8 T cells often present 
with an exhausted T cell phenotype (with increased PD1/PD-L1). High expressions of immune-related genes are 
associated with good prognosis in TNBC. Enrichment of these immune response signatures in pre-therapeutic tissue 
sample is associated with increased odds to achieve pathCR after NT (anthracycline with or without taxane). Using 
individual data of 2,148 patients from nine studies Loi, et al., confirmed the strong prognostic value of stromal tumor-
infiltrating lymphocytes (sTILs) in early-stage TNBC patients treated with anthracycline-based chemotherapy (4). 
Meanwhile, an accumulating body of evidence suggests that chemotherapy agents may have immune-modulating 
effects. A number of immunotherapy trials in TNBC are ongoing which will provide further insight, however many of these 
are in unselected patients.  

PROJECT AIMS 
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Aim 1. Integrated characterisation of gene expression profiles and tumour microenvironment (TME) of triple negative 
breast tumours in an adjuvant randomized trial 

Aim 2. Integrated characterisation of gene expression profiles and tumour microenvironment (TME) of triple negative 
breast tumours treated with neoadjuvant chemotherapy 

AIM 3. Development of Artificial Intelligence-based, used-friendly, computational tool, named Counterpoint 
 

RESEARCH PROPOSAL 

A better understanding of the tumour genomics, host germline genetics, PD1 ligand 1 (PDL1) levels and other features 
of the tumour microenvironment within TNBC and how these variables cooperate is particularly needed to optimise design 
of clinical trials on efficacy of combination and/or sequential use of immunotherapy in TNBC. Characterization of immune 
cell subsets within a tumour area will improve our understanding of antitumor immunity and the impact of targeted therapy 
on tumour cells, immune infiltrate and microenvironment by mapping the heterogeneity within the tumours. This may 
modify the decision for new therapies and combinations of with immunotherapies in the future. 
The goal of this PhD project will be to develop an artificial intelligence-based clinical calculator, called COUNTERPOINT, 
weaving tumour genomics, microenvironment and clinicopathological data, to predict disease outcomes in women with 
triple negative breast cancer. As part of the PhD study, the student will perform comprehensive molecular characterisation 
of human tissue samples of TNBC collected from a randomized clinical trial of adjuvant treatments and a cohort of 
patients treated with NT at Royal Marsden.  
We propose to perform the following multiplexed immunohistochemistry to characterise tumour and immune 
microenvironment: 

1. tumour infiltrating lymphocytes (TILs) automated scoring (standalone) 
2. CD3/4/8/20/FOXP3 (adaptive immunity) 
3. PD-1/PD-L1/OX-40/Lag3/etc (checkpoint inhibitors) 
4. Standard clinicopathological biomarkers assessments including ER, PgR, Her2, Ki67, CK5/6 and EGFR will be 

reviewed centralised. 

Bulk DNA-sequencing and transcriptomic (RNA-sequencing or NanoString), potentially spatial on samples from patients 
with residual disease, will be performed on the same samples where enough materials available. 

Aim 1. Integrated characterisation of gene expression profiles and tumour microenvironment (TME) of triple negative 
breast tumours in an adjuvant randomized trial 

TACT2, Trial of accelerated adjuvant 
chemotherapy with capecitabine in early breast 
cancer, was designed to assess whether 
accelerating the administration of adjuvant 
Epirubicin, when given before CMF or 
Capecitabine, would improve its efficacy, and to 
evaluate whether the use of oral Capecitabine 
instead of CMF (after Epirubicin) will be at least 
as effective as CMF and less toxic (5). Our pre-
planned translational analyses of breast cancer 
subtypes include the use of 
immunohistochemical subgrouping as proposed 
by Cheang et al (6) to define the intrinsic 
subtypes. When triple negative breast cancers 
(TNBC) were further divided into basal-like and 
5 marker negative groups (TNBC, CK5/6- and 
EGFR-), the basal like group appeared to benefit 
most from accelerated epirubicin (Figure 1). 
Conversely the 5-marker negative group 
appeared to exhibit improved outcomes with 
non-accelerated epirubicin and CMF. 
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Experiments are going to assess gene expression levels of the Basal-like immune activated/non-activated, homologous 
recombinant deficient signature, immune cell types, CD8, cDC1, effector and exhausted T cell phenotype, Interferon 
gamma signature as well as the NK cell signature on 600 TNBC by Breast Cancer 360 assay (Nanostring) is ongoing 
and expected to compete in Dec 2020. This work is partially funded by BRC Breast Cancer Theme Seed call 2018-2019. 
The multiplexed immunohistochemistry to characterise tumour and immune microenvironment will be performed in 
collaboration with Professor Manuel Salto-Tellez (ICR). sTIL will be assessed by automated scoring in collaboration with 
Dr Yinyin Yuan at ICR and Dr. Dr Roberto Salgado and International Immuno-Oncology Biomarker Working Group (TIL) 
Working group (MD/ Pathologist, Division of Research, Peter Mac Callum Cancer Center, Melbourne, Australia; 
Department of Pathology, GZA-ZNA Hospitals, Antwerp, Belgium). A random of 100-150 samples will be selected and 
confirmed by anatomical pathologist in collaboration with the International Immuno-Oncology Biomarker Working Group 
on Breast Cancer. Student will then perform a comprehensive tumour characterization integrating the gene expression 
and multiplex TME.  Bioinformatic and biostatistical analysis of results and correlation with primary tumour characteristics 
and clinical data will be performed by the student under the supervision of Cheang and Sadanandam. 

Aim 2. Integrated characterisation of gene expression profiles and tumour microenvironment (TME) of triple negative 
breast tumours treated with neoadjuvant chemotherapy 

This study will include 50 patients who achieve pathCR and 100 patients with residual disease after NT in Royal Marsden 
and Guy’s hospital. Same experimental methods (see above) will be applied on the pre- and post-treatment biospies 
and/or surgical samples. In addition to correlate the baseline tumour characteristic, we would assess the immune 
landscape before and after NT for TNBC, and develop a computation tool to predict pathCR and disease outcome.  

sTIL will be assessed on all samples by anatomical pathologist, in addition to automated scoring in collaboration with Dr. 
Dr Roberto Salgado and International Immuno-Oncology Biomarker Working Group (TIL) Working group. 

Student will then perform a comprehensive tumour characterization integrating the gene expression and multiplex TME.  
Bioinformatic and biostatistical analysis of results and correlation with primary tumour characteristics and clinical data 
will be performed by the student under the supervision of Cheang and Sadanandam. 

 

AIM 3. Development of Artificial Intelligence-based, used-friendly, computational tool, named Counterpoint 

One of the key factors to develop reliable artificial intelligence models is data. After incorporating the data, the team can 
start to develop the concept of active learning algorithms. A number of machine/manifold learning approaches will be 
investigated, although the emphasis will be on the development of high-dimensional data for deep learning such as deep 
convolutional neural network techniques to integrate digital pathology and genomics data for biomarker signature 
algorithm optimisation. For benchmarking, we will also employ simpler machine learning method such as Elastic Net 
statistical modelling. The conventional approach involves at least three steps: Firstly, identify subtypes using 
unsupervised clustering of patient tumors with molecular (etiological) profiles; Secondly associate the subtypes with 
clinical or phenotypic information (covariates) to infer some biological meaning to the defined subtypes; and Thirdly, 
identify clinically relevant biomarkers associated with the subtypes. Sadanandam lab has applied such conventional 
approaches to discover subtypes and potential personalized therapy responses in pancreatic, colorectal and breast 
cancers. Certain pipelines from some have become standard methods for cancer subtyping. However, these multiple 
step conventional approaches have led to severe loss of information. This, in the past, has led to the failure of multiple 
classification systems (including the intrinsic breast breast cancer subtypes) to be a routine in the clinic for therapy 
response prediction. 

In addition, we would also implement an innovative approach, phenMap, in our tool, with fine tuning parameters tailoring 
to TNBC. One of the major challenges faced in defining clinically applicable and homogeneous molecular tumor subtypes 
for personalized medicine is assigning biological and/or clinical interpretations to etiological (intrinsic) subtypes. The 
PhenMap algorithm jointly models omics and phenome data into low dimensional context-specific phenotype mapping 
variables that carry information from both these data.  In order to accelerate the discovery of subtypes with potential 
clinical implementation for our Counterpoint tool, we would incorporate the innovative machine-learning approach, 
PhenMap, and combines the conventional approaches into one single step to define “functional subtypes” with associated 
phenotypic information (such as drug response or clinical variables) and molecular signatures. We will seek to validate 
our findings on other TNBC samples in collaboration with SOLTI Breast Cancer investigators in Spain, the Canadian 
Clinical Trial Group and NRG Oncology group in North America, and with the International Immuno-Oncology Biomarker 
Working Group (Sherene Loi and Roberto Salgado). 

If successful, Counterpoint will provide unprecedent opportunities for other collaborations, including computer scientists 
and engineering, to explore the feasibility of development of a visualisation module tool that translate the artificial 
intelligence decision to an intuitive and simple features projection, and developing artificial intelligence-based drug 
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targets. The embedded mathematical tools can provide information to stratify patients (i.e. to certain treatments that we 
expect them to respond better to) and provide information to design future trials at the outset and/or to adapt at the interim 
based on the changes in the biomarker levels. 
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CANDIDATE PROFILE 

Note: the ICR’s standard minimum entry requirement is a relevant undergraduate Honours degree (First or 2:1) 

Pre-requisite qualifications of applicants 
 

• Candidates must have a First or 2:1 Honours degree or a 
Masters in computer science, mathematics, engineering, statistics 
or a related discipline. 
• Academic knowledge in cancer biology, cell biology, or 
analytical chemistry 
• Previous laboratory experience 
• Good presentation and communication 

Intended learning outcomes 
 

• Knowledge in next-generation sequencing, molecular 
pathology, molecular diagnostics. 
• Knowledge in experimental skills in immunohistochemistry 
and molecular techniques. 
• Advanced medical statistical skills. 
• Ability to apply machine learning and artificial intelligence 
to biomedical data 
• Ability to design, manage and progress a defined scientific 
project. 
• Scientific writing, presenting and communication skills.  
• Ability to read and process relevant literature. 

ADVERTISING DETAILS 

Project suitable for a student with a 
background in 
 

 Biological Sciences 

 Physics or Engineering 

 Chemistry 

 Maths, Statistics or Epidemiology 

 Computer Science 

 Other (provide details) 
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