
Developing novel treatments for TNBC that overcome 
the bar set by the standard of care is difficult, 
as demonstrated by the recent news of Roche’s 
ipatasertib program. Despite this, the TNBC patient 
population continues to present as a difficult to treat 
tumor with a significant remaining unmet need and 
very low five-year survival rates, that continues to 
drive therapeutic innovation. 

What are the latest advancements and research 
developments for TNBC treatments?

Triple-negative breast cancer (TNBC) is a heterogeneous 
disease that presents multiple different subtypes. 
Targeted therapies can be used based on the biomarkers 
identified for each patient. The combination of 
Ipatasertib plus paclitaxel failed to improve progression-
free survival in advanced TNBC patients (IPATunity130 
trial). Yet, since around half of all TNBCs harbor PIK3CA, 
AKT1 and PTEN alterations, targeting AKT would be 
predicted to represent a therapeutic opportunity

There are multiple emerging targeted therapies that 
improve the survival of TNBC patients. This includes the 
PARP inhibitors Olaparib and Talazoparib in patients with 
advanced breast cancer with a germline BRCA mutation. 
Evidence from ongoing clinical trials suggest that TNBC 
patients with AR-positive luminal-type (LAR) may 
benefit from anti-androgen drugs such as Bicalutamide, 
Enzalutamide, and Abiraterone. Among recently 
approved therapies, immunotherapy offers a new 
opportunity in the treatment of TNBC. Chemotherapy 

plus immunotherapy was approved for patients with 
locally recurrent unresectable or metastatic TNBC 
that express PD-L1 (KEYNOTE-355 and IMpassion130 
trials). However, PD-L1 protein is found in only ~20-30% 
of primary TNBC, indicative of an engaged immune 
response. Moreover, TNBC patients with infiltrated and 
activated CD8s are associated with then best outcome. 
Hence these patients would have been underrepresented 
in the first anti-PD-L1 checkpoint trials for metastatic 
TNBC and this may reflect the low benefit from current 
PD1/PD-L1 immune checkpoint therapies. This may 
improve as checkpoint immunotherapies are applied to 
the neoadjuvant setting. For advanced metastatic TNBC 
that have been previously treated, the antibody-drug 
conjugate sacituzumab govitecan (Trodelvy) significantly 
improved progression-free survival and overall survival 
over standard chemotherapy (ASCENT trial). 

In your opinion, what is the biggest scientific 
challenge holding the TNBC drug development space 
back from success?

The lack of integrated understanding of disease 
heterogeneity, at genomic, transcriptomic and 
microenvironment levels is one of the major obstacles 
that hampers the success of TNBC treatment. Although, 
some genetic alterations are more frequent in TNBC 
(oncogenic alteration in TP53, PI3KCA, and loss of PTEN), 
the spectrum of genetic alterations of other genes in 
the so-called long tail is variable. An understanding 
of patient-centered genetic and signaling pathway 
alterations are crucial towards the use of personalized 
medicine. For instance, through a combination of 
WGS, transcriptomics and protein arrays we recently 
identified potential actionable pathways in up to 90% 
of a predominantly TNBC breast cancer PDX cohort 
(Savage et al., 2020 - PMID: 32546838). This included 
FGFR1 amplification, BRCA1 germline mutations and 
mTOR/PI3K activation. Matching PDX signatures with 
precision therapies targeting these pathways in proof-of-
concept studies using FGFR inhibitors, mTOR inhibitors, or 
platinum drugs, we observed tumor regression in selected 
but not unselected PDX models. 
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TNBC is subdivided into several molecular subtypes 
(Lehmann et al. PMID: 21633166, PMID: 27310713). Some 
are enriched for pathways such Androgen receptor, 
immunomodulatory subtype as well as basal 2 and likely 
TNBC requires companion diagnostics for additional 
stratification. In addition, since the local immune tumor 
microenvironment of TNBC is also variable integration 
of immune status (immune cold vs immune hot) will 
become an important stratification (Gruosso et al., PMID: 
30753167; Bareche et al. PMID:31665482).

Another important point to consider is the acquisition 
of mechanisms of resistance to therapy, even after 
a good initial response. As an example, we tested 
chemosensitivity with standard-of-care agents 
(Doxorubicin, Cisplatin, Gemcitabine, or Paclitaxel) on 
our PDX cohort and we found that 60% of the PDXs 
derived from previously treated patients were multi-drug 
resistant. The identification of genetic vulnerabilities in 
immune cold and/or multi-drug resistance TNBCs is an 
unmet clinical need and must be explored for effective 
treatment.

Importantly, the majority of the data available for TNBC 
is limited to bulk tumor-derived expression or genomic 
profiles. Although informative, this bulk analysis does not 
take into account the compartment-specific signals within 
the tumor and also does not reflect the spatial landscape 
of the tumor microenvironment. Fortunately, with the 
development of several single-cell resolution technologies 
and spatial transcriptomics, this will be essential to 
have a better understanding of the biology and clonal 
heterogeneity of TNBC and its associated vulnerabilities. 

Can you give us a summary of your latest work in the 
space?

The Park group has developed TNBC preclinical models 
(patient-derived xenografts (PDXs) and organoids) 
suitable for drug screens. For this we have developed 
over 60 PDXs from a subset of breast tumors that 
present major clinical challenges. Our collection includes 
triple-negative, metastatic/recurrent disease, and rare 
histological tumors. We recently published 37 of these 
PDXs (Savage et al., 2020 - PMID: 32546838; Savage et 
al., 2017 - PMID:29091754), interrogating their molecular 
composition, and chemosensitivity in vivo with standard-

of-care agents. We first showed that the PDX cohort 
conserved the histological and molecular landscape 
of their matched patient tumors. Our PDX cohort was 
utilized for a Mouse Clinical Trial (MCT) 1X1X1 design, 
identifying responder and non-responder subgroups for 
standard of care chemotherapy. Importantly, multi-drug 
chemoresistance observed in the patients was retained 
upon xenotransplantation. 

A second focus involves impact of the tumor 
microenvironment on drug response. To address this, we 
have developed 3D co-culture systems. In addition to 
PDXs, we have derived matching organoids, epithelial 
cell cultures, cancer associate fibroblasts, and in some 
cases tumor infiltrate lymphocytes. These models are 
being used to answer the biological and drug response 
questions that are still unsolved for TNBC.

To screen chemical compounds affecting viability of TNBC 
cells, we have developed a drug screening platform that 
allows high-throughput screening (HTS) on organoids 
using 384 well plates (in collaboration with the High-
Throughput Screening core facility of the Institute for 
Research in Immunology and Cancer - IRIC). We are 
now screening drugs on patient-derived organoids and 
selecting the most effective drugs for in vivo PDX testing. 
Our aim is to identify single or combination compounds 
that are effective for these hard-to-treat tumors, with a 
special interest on the non-responder and immune cold 
subgroup. 

How are patient-derived xenograft models and 
organoids helping to overcome the challenges 
presented by other preclinical TNBC models that offer 
suboptimal molecular and phenotypic accuracy of 
TNBC tumors?

Traditional high-throughput drug screening in oncology 
was performed on cell lines grown in two-dimension 
(2D). However, the majority of the small molecules 
and chemical compounds identified eventually fail in 
clinical trials, despite promising results when tested in 
2D. Culturing cells on plastic dishes results in artificial 
2D monolayers. Cells also fail to engage in efficient 
cell-cell and cell-matrix interactions and in general, 2D 
monolayers do not represent the heterogeneity of the 
tumor. This also influences gene expression and signaling 
networks. 

To overcome these issues, new models that better mimic 
tumor biology are needed to facilitate more efficient drug 
discovery. Organoids are able to better recapitulate the 
features of in vivo tumors, such as cell-cell interactions, 
cell-matrix interactions, hypoxic conditions, heterogeneity 
of the tumor, drug penetration, and drug resistance. 
Altogether, this provides a multidimensional environment 
similarly to what is observed in a patient’s tumor. 
Moreover, tumor organoids are valuable preclinical models 
that capture and retain the genetic heterogeneity of the 
tumor. The use of 3D organoids for drug screening and 
their advantages over 2D models have been established 
in several studies. Tumor organoids are thus, an attractive 
model for drug discovery and identification of effective 
combination therapies. 
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Among TNBCs animal models, PDXs are known to retain 
the histology and molecular features of primary tumors. 
One very interesting example showed by Savage et 
al. was a TNBC breast cancer with mixed histology 
(Invasive ductal carcinoma + metaplastic chondroid 
differentiation) from which we generated two distinct 
PDXs. We found that both histological features were 
maintained after 3 PDX passages. PDXs are also known 
to be one of the most predictive preclinical models 
available for oncology research. We demonstrated that 
PDX mimics the drug response of the patient and were 
able to identify PDXs that, in a similar manner to the 
matched patient, were resistant to several standards of 
care chemotherapies.  

Can you describe the -omics tools and technologies 
being employed by your research team to get insights 
on the heterogeneity of different TNBC tumors?

This is a topic that I have a particular interest in. I am 
amazed by how technology evolves very fast and can 
provide spectacular insights about tumor biology. 
When Dr. Park started to bank breast cancer tissues 
~30 years ago, the available technologies only allowed 
the investigation of bulk expression, for example, using 
microarrays. Since our group has always been interested 
in the microenvironment component of breast cancer, we 
developed laser capture microdissection (LCM) pipelines 
coupled with microarrays data to better understand the 
tumor microenvironment (Finak et al., PMID:18438415). 
By integrating spatial resolution of immune cells 
with LCM gene expression profiles, we recently 
published the tumor immune microenvironment (TIME) 
stratification of TNBC (Gruosso et al., PMID: 30753167). 
In this manuscript, Gruosso et al. identified potential 
therapeutic stratification for TNBC based on different 
TIME subtypes. 

In the manuscript of Savage et al. (PMID: 32546838), 
we used whole-genome sequencing, RNA sequencing 
and Reverse Phase Protein Array (RPPA) to molecularly 
characterize TNBCs. Those technologies provide bulk 
information of the breast cancer cohort and allowed 
us to identify the main alterations and dysregulated 
pathways. We recognise the importance for spatial 
landscape of the tumor. We are now use single-cell (sc) 
resolution technologies, including scRNAseq, scDNAseq 
and GeoMX spatial digital profiling (Nanostring) 
integrated with multiplexed immunofluorescence 
among other technologies to be able to capture 
tumor heterogeneity of epithelial cells, and also better 
understand the TNBC microenvironment composition. 

How are you using your models to identify potential 
drug targets in dysregulated pathways?

First, we molecularly characterize those tumors 
(Primary tumors, matched PDX and organoids) using 
different large-scale technologies (Histology, DNA, 
RNA, and protein expression) to identify  which genes 
and pathways are dysregulated in those models. For 
instance, we have identified which of the tumors are 
immune cold (do not have CD8/lymphocytes infiltration), 
which present alterations in PI3K pathway, which present 
BRCAness phenotype, and which present dysregulation 
of several pathways simultaneously. The molecular 

characterization of the models is very important in the 
context of identifying drug targets. Using this molecular 
information, we are also using artificial intelligence 
pipelines to predict drug response, and identify 
combination of drugs that could be effective. This is 
a very exciting field, and we are closely working with 
the groups of Dr. Benjamin Haibe-Kains (University of 
Toronto) and Dr. Amin Emad (McGill University). 

To validate the compounds identified using different 
drug prediction pipelines, we have developed a 
robust and reproducible organoid screening platform 
to facilitate compound testing and screening (in 
collaboration with the HST screening facility at the 
University of Montreal). With this approach, a large 
panel of compounds can be rapidly assessed. The 
compounds that present the best results in organoids 
(high inhibitory growth rate and low IC50), are selected 
to be evaluated in our PDXs in vivo. With the ability to 
analyze PDX models within mouse clinical trials we can 
correlate specific genetic features with drug response, 
which can then be used for patient stratification in the 
development of personalized medicine.

How could PDX model libraries and organoids help 
make personalized medicine a reality?

Substantial human and material resources are needed 
to create and maintain PDX models. Quality clinical 
data with patient response and follow up is important. 
The generation of a consortium of multiple institutions 
is necessary for the standardization of data collection, 
PDX generation and also to gather a higher number of 
samples. Also, the data generated from those models 
(including molecular information and drug response), 
should be publicly available through friendly user 
platforms and websites. This could also include pipelines 
such as those developed by our collaborators for drug 
prediction. As an example, institutions of EurOPDX 
consortium, share PDX models and generate standard 
operating procedures for implementation of PDX models 
and protocol design. Another example is the Jackson 
Institute (USA) that shares genetic and histopathological 
information of more than 450 types of PDXs. A similar 
consortium is desirable for Organoids. 
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Can you share with us some of the challenges you 
are foreseeing in getting personalized avatars 
implemented to guide TNBC therapy?

PDXs are translational preclinical models that best 
represent the heterogeneity found in the tumor. Despite 
the many advantages of this approach for preclinical 
research, PDX models cannot be established from every 
patient-derived tumor. For instance, we are able to 
generate PDXs only for ~44% of all TNBCs we engraft in 
mice and these are associated with the most aggressive 
tumors with poor outcome. Although this is valuable 
it diminishes the use of PDX as a platform to improve 
therapeutic strategies for these patients. Another 
challenge is the slow tumor growth rates. As described 
by Savage et al, some models presented long latency 
periods post-engraftment (months until the tumor starts 
growing). Although we did not formally test it, it has 
been reported that the serial passage from mouse-
to-mouse multiple times can also cause a loss of the 
genetic characteristics of the tumor, appearance of new 
mutations, clonal selection, and ultimately loss of patient 
tumor heterogeneity. One challenge is also that PDX 
are engrafted into immunocompromised mouse models. 
Although humanised mice are an option these at the 
moment are not feasible for most laboratories.

To create a PDX model, immunodeficient mice 
are indispensable. Those mice present markedly 
compromised immune function and theoretically, 
immune cells and cancer cell interaction cannot be 
observed in these models. Yet, the newer humanized PDX 
models could provide a valuable tool for immunotherapy 
assessment. These models can provide predictive 
data of the clinical response to immunotherapy and 
are now playing a key role in many immuno-oncology 
applications.

How do you see the PDXs models as a tool to 
understand and evaluate TNBC metastasis?

This is a very interesting topic and shows the power of 
PDXs models. The most common sites of breast cancer 
metastasis are the liver, lung, and brain. In our cohort, 
several PDX models recapitulated the metastatic 
tropism observed in the corresponding patients, 
including two lines with high-frequency metastases 
to multiple vital organ systems, while another PDX 
displayed tropism to the leptomeninges (brain). We also 

identified lung micrometastases in 34.5% of models 
we developed. Another strength are models where we 
generate matched PDXs from the primary tumor and 
metastasis and deep analyses using scRNAseq and 
digital spatial profiling.

One area of importance of using PDX to study metastatic 
progression. Why do some models develop micromets 
whereas others develop visual metastases. This may lead 
to understanding of both tropism as well as dormancy.  

What one development or breakthrough would 
you like to see that would facilitate the successful 
translation of findings from TNBC research into the 
clinic to accelerate the right treatments to the right 
TNBC patients at the right time?

PDXs contribute to advancing personalized medicine. 
To gain the full benefit from these models for preclinical 
cancer research, PDX-derived organoids and high 
throughput screens should be available to rapidly 
evaluate drug response. In addition, bioinformatics 
methods to rapidly identify altered genes and pathways 
and also to predict drug response is essential to the 
implementation of personalized medicine. The successful 
translation of findings requires the integration of 
bioinformatic and machine learning to predict drug 
response based on molecular information allowing 
testing of predicted drug responses in vitro using ex-vivo 
models such as organoids and in vivo using PDXs. The 
molecular and chemosensitivity information of every PDX 
should be rapidly accessed and shared with the scientific 
community. This effort has already started, however 
gathering this information is challenging, and multi-
institutional consortiums must be considered.  

Going into the Triple Negative Breast Cancer Drug 
Development Summit, what sessions are you most 
excited about?

With the outstanding speakers, the program is well 
suited for all researchers that work with TNBC.  I look 
forward to gaining an overview of the newest advances 
in the field. Also I hope it acts as a forum to bring people 
together. It is an excellent opportunity update new 
technologies and the drug development of biotech 
and pharma. Personally, I am very interested in tools to 
improve treatment efficacy, combination therapies and 
tumor resistance mechanisms. 
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