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TOOLS AND TRENDS OF TOMORROW

EXPERT INSIGHT

Revolutionizing the treatment  
of cancer with allogeneic  
CAR-T cell therapy
Cokey Nguyen

CAR T-cell therapy has revolutionized cancer treatment, with autologous approaches mark-
ing a breakthrough in blood cancers. However, barriers like long manufacturing times, high 
costs, and limited durable efficacy still limit their full potential impact. Allogeneic CAR T-cell 
therapies, derived from healthy donor cells, offer a promising alternative by providing 
pre-manufactured, scalable treatments that can be delivered rapidly to the patient, poten-
tially expanding patient access and improving outcomes.

While challenges like immune rejection and graft-versus-host disease remain, innova-
tive strategies are underway to optimize the safety and persistence of these therapies. 
Atara is leveraging Epstein-Barr virus-sensitized T cells that avoid traditional gene editing 
and include clinically validated technologies that aim for improved persistence, potency, 
and safety. Now in Phase 1 trials, this platform represents a next-generation shift towards 
scalable and accessible allogeneic CAR T-cell therapies, advancing the fight against cancer.
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DOI: 10.18609/ioi.2024.014

The research and treatment landscape in I-O 
continues to rapidly advance, with chimeric 
antigen receptor (CAR) T-cell therapy as one 
of the key innovations taking center stage. 

This important category has seen significant 
clinical development and regulatory activ-
ity over the last decade. Several autologous 
CAR-T cell therapies, in which a patient’s 



DOI: 10.18609/ioi.2024.01490

IMMUNO-ONCOLOGY INSIGHTS 

immune cells are used to create the treat-
ment, have been approved by the US FDA, 
and adoption by healthcare providers has 
increased. The commercial availability of 
autologous CAR-T cell therapies that target 
CD19, a validated target, represents a huge 
step forward for patients. 

Yet, numerous challenges remain with 
these therapies, including manufacturing 
challenges, safety concerns, limited patient 
access, and high costs. The next generation 
of CAR-T cell therapies is urgently needed—
therapies that can be reliably manufactured 
at scale, are available before patients need 
them, and provide more complete and dura-
ble responses with favorable safety. An allo-
geneic approach, which uses T  cells derived 
from healthy donors rather than from the 
patients themselves, could overcome many 
of the challenges associated with autologous 
CAR-T cell therapies. 

PROGRESS AND CHALLENGES 
WITH AUTOLOGOUS  
CAR-T CELL THERAPIES

Autologous CAR-T cell therapies remain a 
scientific breakthrough and have drastically 
shifted the treatment paradigm in oncol-
ogy. Six autologous CAR-T cell therapies 
have been approved by the FDA for vari-
ous types of lymphoma, relapsed/refractory 
multiple myeloma, and other hematologic 
cancers. Long-term data has shown pro-
longed remissions for patients with relapsed 
and/or refractory B  cell lymphomas, B  cell 
acute lymphoblastic leukemia, and multiple 
myeloma [1–6]. Yet, significant technical, 
operational, and access challenges with the 
autologous approach prevent up to 70% of 
eligible patients from receiving these ground-
breaking treatments [7–9]. 

As manufacturing capacity is limited and 
time-consuming, vein-to-vein times are 
typically 3–6  weeks, which can necessitate 
bridging therapy and/or contribute to disease 
progression or death. Additionally, logistical 
limitations still exist with apheresis, shipping, 

capacity constraints, and manufacturing fail-
ures. Some patients cannot receive autolo-
gous CAR-T cell therapy because their T cells 
are not healthy enough to be candidates for 
the therapy due to prior chemotherapy. Geo-
graphic constraints limit access to authorized 
treatment centers in certain cities or coun-
tries [9]. Furthermore, serious safety issues 
can arise from rapid in  vivo cell expansion 
and acute cytokine response from target cell 
killing over a short period. 

New methods and approaches to provide 
a more gradual ramp-up of cell expansion 
are warranted, with early data indicating a 
less-differentiated or memory phenotype cor-
relating with better responses in the clinic 
with less severe inflammatory reactions [10]. 
Novel signaling domains can also effectively 
balance effector and memory programs that 
can extend functional persistence and reduce 
the likelihood of cytokine release syndrome. 

ALLOGENEIC APPROACHES FOR 
AUTOLOGOUS LIMITATIONS

Many biopharma companies are working 
to overcome the challenges associated with 
autologous CAR-T cell therapies by taking an 
allogeneic approach. Allogeneic CAR-T cell 
therapies have numerous potential bene-
fits over autologous therapies, including the 
capability to scale manufacturing to produce 
enough product for patient demand.

Allogeneic CAR-T cell therapies are also 
innately designed to address another of the 
main limitations of autologous therapies—
the extended manufacturing time burden. 
As allogeneic CAR-T cell therapies are man-
ufactured in large quantities from healthy 
donor cells well in advance and indepen-
dent of patient need, they can be delivered 
to patients within days. This could allow for 
the rapid treatment of high-risk patients, 
decrease the need for bridging therapy, and 
increase the chance of response to CAR-T 
cell therapy, which is associated with better 
outcomes [9]. Additionally, unlike autologous 
products, donor cells have not been exposed 
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to chemotherapy or the immune effects of 
cancer, which can result in less variability and 
improved cell quality.

Allogeneic CAR-T cell therapies also 
could substantially increase patient access 
by extending the use of this type of therapy 
beyond mostly urban settings in developed 
countries to treatment centers currently not 
certified to administer autologous CAR-T 
cell therapies [8]. Additionally, because allo-
geneic CAR-T cell therapies do not require 
leukapheresis, they could potentially reduce 
healthcare resource utilization, including 
lower administration burden, and eliminate 
a burdensome step for patients. Furthermore, 
they have the potential for a lower incidence 
of serious adverse events. Finally, allogeneic 
CAR-T cell therapies offer the opportunity 
to administer multiple cycles or consolida-
tion treatment, potentially reducing the risk 
of relapse.

OVERCOMING HURDLES  
IN ALLOGENEIC  
CAR-T CELL THERAPIES

Despite the many potential benefits of allo-
geneic CAR-T cell therapy over autologous 
approaches—although clinical confirmation 
is still required—several challenges remain 
that must be overcome to realize their full 
potential. Two of the biggest hurdles are host-
versus-graft (HvG), leading to host-mediated 
rejection and lower persistence, and graft-
versus-host disease (GvHD), which is a risk 
when introducing foreign cells into the body 
and can be life-threatening. 

In response, scientists are using innova-
tive approaches to minimize the potential for 
unwanted immunogenicity both from and to 
allogeneic T cells. The T-cell receptor (TCR) 
recognizes peptides presented by major his-
tocompatibility complex molecules. There-
fore, one strategy to prevent GvHD involves 
genetically modifying and knocking out the 
TCR alpha and/or beta chains. However, the 
TCR serves as a key T-cell survival signal and 
contributes to functional persistence [11].

Several strategies have been developed 
to help donor cells escape host-mediated 
rejection. One of the most used is deletion 
of the beta-2-microglobulin gene. Other 
approaches leverage other subtypes of T cells 
like γδ T cells that have variable gamma and 
delta chains that recognize antigens indepen-
dent of the human leukocyte antigen (HLA), 
although tumor efficacy has been limited, and 
consistent problems with both persistence 
and tissue homing in vivo has limited their 
applications [12].

Gene editing may come at a price, both 
from reducing manufacturing efficiency and 
specificity; increased manipulation introduces 
double-stranded breaks that may reduce cell 
fitness [13]. Other hurdles include the poten-
tial for genetic aberrations from unintended, 
off-target cuts and risk of chromosomal 
abnormalities [12]. Additionally, by remov-
ing the HLA-I molecule, the cell becomes 
susceptible to natural killer (NK)-cell lysis, 
requiring further workarounds. One such 
approach is overexpression of a non-classical 
HLA-I, such as HLA-E, to avoid recognition 
and lysis. Allogeneic approaches continue 
to experiment with increasingly complex 
genetic modifications to evade the immune 
system and add functionalities, all of which 
have inherent limitations. 

Beyond addressing GvHD, ongoing 
research in the development of next-genera-
tion allogeneic CAR-T cell therapy is focused 
on increasing the number of potential targets 
and improving expansion and persistence. 
Even with autologous approaches, known to 
have intermediate-to-long persistence with 
some long-lasting remissions coinciding with 
CAR-T detection months or years after treat-
ment, only ~40% of patients who receive 
autologous CD19-directed CAR T treatment 
have shown durable responses. This is poten-
tially due to poor persistence, and a large 
population of patients relapse after an ini-
tial response. In the allogeneic setting, short 
to intermediate persistence stemming from 
rejection via cellular and humoral immu-
nity and/or the immune-suppressive tumor 
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microenvironment require new approaches 
to help overcome these challenges [9,14].

TAKING A NEXT-GENERATION 
APPROACH TO ALLOGENEIC 
CAR-T CELL THERAPY

Atara Biotherapeutics is taking a differen-
tiated approach to develop next-generation 
CAR-T cell therapies to meet the current 
limitations of both autologous and alloge-
neic CAR-T therapies. Cutting-edge science 
and a molecular toolkit of clinically vali-
dated next-generation technologies are being 
applied to enhance CAR-T capabilities. 

The advanced and versatile T-cell platform 
is based on Epstein–Barr virus (EBV)-specific 
T  cells from healthy donors were enriched 
through a manufacturing process with spe-
cific receptors that target EBV. EBV T cells 
have an ideal profile to serve as the basis for 
allogeneic CAR T cells as they have compel-
ling biological features that have been selected 
through evolution to persist in the body, thus 
offering the potential for durable responses, 
which is a limitation of currently available 
therapies. Other potential benefits include a 
low likelihood of harming healthy, non-tu-
mor tissue, which may enhance tolerability. 
Notably, these cells possess a central memory 
phenotype and have demonstrated enhanced 
cytotoxicity compared with naive T cells [15].

This approach included several key features 
that optimize the balance between having a 
foreign cell that is accepted sufficiently by 
the patient’s immune system and being fully 
functional. One of these features is the 1XX 
signaling domain, which plays an important 
role in enhancing T-cell persistence and effi-
cacy by sustaining T-cell effector functions 
without eliminating or compromising their 
potency. The 1XX signaling domain opti-
mizes expansion, mitigates T-cell exhaustion, 
and maintains stemness [10]. It is associated 
with favorable response rates, safety, and 
durability. Another key feature of the CAR-T 
approach is that it does not require TCR 
or HLA gene editing. The cells maintain 

expression of the native EBV TCR that pro-
motes in  vivo functional persistence while 
demonstrating inherently low alloreactiv-
ity due to their recognition of defined viral 
antigens and partial HLA matching to help 
avoid CAR-T cell HvG and rejection. This is 
unlike gene-edited approaches that are aimed 
at inactivating TCR  function to reduce the 
risk for GvHD. Several clinical studies have 
proven that maintaining endogenous TCR 
allows not only for the persistence of the cells 
but also for improved fitness and potency of 
the cells [11].

A pipeline of next-generation allogeneic 
CAR T programs has been created by Atara 
Biotherapeutics. The CD19-targeted CAR-T 
cell therapy, in Phase  1 clinical develop-
ment for both non-Hodgkin’s lymphoma 
and lupus, consists of allogeneic EBV-sensi-
tized T cells that express a second-generation 
CD19 CAR construct and includes the 1XX 
signaling domain. This allogeneic CD19/
CD20-targeted CAR-T cell therapy, in pre-
clinical development, incorporates the same 
features but adds dual-targeting to reduce 
the probability of relapse due to CD19 anti-
gen loss, which is hypothesized to be a major 
cause of treatment resistance or disease relapse 
following CD19 CAR T treatment in B-cell 
malignancies. 

With this off-the-shelf allogeneic approach, 
there is hope to provide therapies that improve 
the efficacy and safety of autologous CAR-T 
cell therapy and offer faster access to patients 
and a lower cost of goods.

FUTURE PERSPECTIVES

As investigational off-the-shelf allogeneic 
CAR-T cell therapies continue to enter the 
clinic for hematologic cancers and start to 
enter the clinic to treat solid tumors, there 
will be a better understanding of the poten-
tial benefit that these cell-based immu-
notherapies offer patients. By leveraging 
next-generation CAR-T cell designs, several 
researchers seek to unleash the extraordi-
nary power of the immune system to make 
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deeper inroads in the fight against cancer. 
If next-generation allogeneic CAR-T cell 
therapies can be developed to overcome the 
current challenges posed by both autologous 

and many allogeneic CAR-T cell therapies, 
this could change the lives of cancer patients 
globally, and pave the way for even further 
therapeutic advances.
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INTERVIEW

Spatial mapping: shaping the 
future of I-O diagnostics  
and treatment

Lauren Coyle, Commissioning Editor, Immuno-Oncology Insights, 
speaks with Banafshé Larijani, Director of the Centre for 
Therapeutic Innovation, University of Bath, about the devel-
opment and application of a novel spatial mapping technology 
designed to improve cancer diagnostics and personalize treat-
ment planning.

Immuno-Oncology Insights 2024; 5(4), 95–102

DOI: 10.18609/ioi.2024.015

 Q Could you share an overview of your career and what you are 
currently working on?

BL: I started as a physical scientist and a chemical engineer during my under-
graduate and Master’s studies in France and Oxford. Afterwards, I pursued a PhD in 
Molecular Biology and Biophysics, focusing on the biogenesis of the nuclear envelope, at the 
University of Massachusetts, Amherst College. I completed my postdoctoral studies at Imperial 
College London before moving to the London Research Institute under Cancer Research UK 
(CRUK), where I led the Cell Biophysics group for 14.5 years.
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Throughout my time at CRUK, I utilized my physical sciences knowledge to develop and 
implement photonics-based tools, aiming to address questions related to cancer signaling path-
ways. My focus has been on advancing early diagnostics rather than therapeutics, because there 
are many ways to deal with this pathology. I collaborated with colleagues at CRUK to develop 
new methodologies, which led to the development of the spatial analysis and cancer diagnostic 
tool FuncOmap. 

I recently shifted from fundamental research on molecular mechanisms to translational 
clinical work. Currently, I lead the Centre for Therapeutic Innovation at the University of 
Bath. By utilizing advances in physical sciences and engineering, we aim to address specific 
questions in pathologies such as cancer. Our underlying philosophy is precision, and preci-
sion science allows us to develop quantitative assays that will hopefully advance personalized 
medicine. 

 Q How does spatial mapping improve the accuracy of cancer diagnosis 
and treatment planning for clinicians?

BL: Before spatial mapping, physical scientists, or spectroscopists, operated in a 
2D environment. While we used some specific spectroscopic tools to study the behavior of 
molecules and how they communicate, we could not determine where these interactions were 
occurring in 3D space until the advent of spatial mapping technology. These novel techniques 
leverage semi-quantitative imaging, which became beneficial in visualizing and partially quan-
tifying the locations of numerous molecules within a tissue sample. Other microscopes lack 
this capability, and even advanced imaging tools such as PET and MRI scans do not resolve to 
the molecular interaction level. 

Single-cell data is typically an inferred result from post-imaging mathematical models based 
on fluorescence intensity, hence the term ‘semi-quantitative’. Commonly, even when quantify-
ing these intensities and localizing multiple markers, information on marker function is lacking. 
Current commercial spatial mapping tools available in the market can map 40–100 proteins 
and even genomic events across many markers.

Although semi-quantitative mapping is an improvement from traditional spectroscopic 
tools that were precise but not localized, simply measuring the amount or expression levels of 
the proteins and semi-quantifying their location within the tissue does not reveal their actual 
function, and how they communicate with each other. Only one microscope, located at the 
University of Strathclyde with Professor Gail McConnell, can map from mm-scale tissue sam-
ples down to single cells, roughly 8–10 μm in diameter. The critical interactions in cellular 
communication happen precisely at this level, encompassing proteome, lipidome, carbohy-
drates, and genomic material. Further, studying these molecules in isolation does not align 
with how they function in nature, where such segregation does not exist. 

Our objective is to develop a method to quantify the relationship and the mechanistic prop-
erties of molecules with one another at the spatial level. This would be transformative for 
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early diagnostics, because effective treatment with small molecule drugs ultimately depends on 
understanding the behavior of a drug towards an array of molecules. 

Scaling up to the tissue or whole-organism level is much more complex due to the intricate 
interactions within these systems. Precision plays a crucial role here by determining how treat-
ment affects the interaction between molecules. Consequently, it enables precise intervention 
in the treatment and reduces the quantity of treatment required, thereby minimizing side 
effects and toxicity for the patient.

Spatial mapping has already contributed to these efforts but moving into 3D and high-
er-dimensional mapping would be a significant advantage. It would allow not only the iden-
tification of localization but also the understanding of the characteristics of these molecular 
interactions within the 3D environment.

 Q Looking at FuncOmap, in what ways has spatial mapping contributed 
to the personalization of cancer treatment, particularly in cases 
such as clear cell renal carcinoma (ccRCC)?

BL: Even with specific cancers such as ccRCC, there is significant heterogene-
ity in how the disease presents itself. There is nothing uniform or homogeneous about 
the pathology. This lack of uniformity is exactly why, 24 years ago, I chose to focus on early 
diagnostics rather than therapeutics, using the tools my team and I developed throughout my 
career. 

To my knowledge, there still is no specific set of biomarkers that effectively addresses ccRCC. 
We are still working on the early diagnostics of this cancer type and exploring different signal-
ing pathways. One pathway highlighted in our study involves transcription factors, known as 
hypoxia-inducible factor (HIF) complexes [1].

One reason why cancer is so complex is because there is no uniform pathway defining its 
mechanisms. Instead, cancer results from disruptions across a multitude of pathways and inter-
actions. We selected ccRCC as an example due to its status as an unmet need and focused on 
HIFs in collaboration with Professor Alan McIntyre at the University of Nottingham. The aim 
was to quantify what we call the ‘interactive state’—how one protein interacts with another 
within this cancer type. By comparing these interactions to healthy kidney tissue, we identi-
fied the key differences. We then looked at another set of proteins involved in downregulating 
immune pathways. Specifically, we studied the impact on the regulation of T cells, aiming to 

“...moving into 3D and higher-dimensional mapping...would  
allow not only the identification of localization but  

also the understanding of the characteristics  
of these molecular interactions...”
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prevent dysregulated differentiation. The second class of proteins, ICIs, was also examined for 
their interaction with HIFs.

Studying such interactions is important because there is a severe lack of oxygen in the TME. 
This hypoxic condition influences the behavior of transcription factors such as HIFs, impact-
ing the immune system’s regulatory mechanisms. ICIs become particularly significant in this 
context, as these pathways are central to immunotherapy. 

In this study we focused on quantifying the interactions between ICIs and HIF complexes 
by employing spatial mapping, specifically the FuncOmap methodology. This quantification is 
essential for accurately assessing how these pathways correlate across different tumor regions. 
Our findings showed that the quantity of these transcription factors does not directly correlate 
with the tumor’s aggressiveness and the interactive states of the ICIs, contrary to what is often 
suggested in the literature.

By using FuncOmap, it was demonstrated that the functional state of these molecules does 
not correspond to their expression levels. In other words, high fluorescence intensity of these 
proteins does not necessarily reflect their interactions.

While spatial quantification of protein interaction is a significant advancement, we are still 
far from fully understanding these interactions and applying this knowledge to personalized 
cancer treatments. Looking at the future, one could imagine that, with data from numerous 
studies across various cancer types, insights from quantitative spatial mapping could play a key 
role in determining a patient’s response to treatment.

Currently, depending on the type of treatment and the cycles of chemotherapy or immunother-
apy, it is very difficult to assess the patient’s response at a molecular level. For example, after three 
cycles of a chemotherapy which normally requires eight cycles, we could evaluate the response, 
which would be extremely helpful for personalizing treatment for the patient. This approach is 
important for managing side effects, as many treatments are not targeted enough to avoid them, 
and immunotherapy is a key example. Only a small percentage of patients respond completely to 
immunotherapy. One of the reasons for this is that the functional levels and interactive states of 
molecules are not measured at a spatial level—only the quantity of proteins is investigated. No 
chemical theory or equation has definitively shown that drugs or inhibitors are effective simply 
by targeting the quantity of a molecule (protein). We must understand what happens when two 
molecules interact or change their shape, and the drugs produced by pharmaceutical companies 
need to be assessed for how they perform in a complex, 3D tissue environment.

This is where personalized medicine becomes crucial, because no two people have the same 
immune environment. It is crucial to understand the patient’s immunity prior to any treat-
ment, and this is not yet done systematically. Once true precision is achieved, we will be able 
to advance toward personalized medicine. 

“It is crucial to understand the patient’s immunity prior to any 
treatment, and this is not yet done systematically.”
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 Q What are the benefits of using FuncOmap for patient stratification 
and treatment decision-making?

BL: The key benefits come from functional mapping and quantitative investiga-
tion of communication between molecules. As I mentioned earlier, it is not the amount 
of a particular molecule, whether it is a nucleotide involved in genomic events or mRNA 
coding for a specific protein, that should be the sole focus. The more important aspect is 
whether the proteins, once formed, are properly communicating with each other. If dysreg-
ulation occurs or regulations fail to function properly, it is crucial to map these interactions 
before treatment and in a much more quantitative manner, which helps to stratify patients 
more effectively.

Stratifications are often done using binomial systems based on expression levels, and catego-
rized into groups such as 0, 1, or 10, with nothing in between. Stratifying patients accurately is 
challenging with only three points. For example, think of a simple ruler: currently, the points 
used to determine whether a patient needs treatment are between 1–10  cm. However, the 
in-between measurements, such as 2, 3, 4, etc., are not being considered. In our studies, we 
have shown that implementing a high dynamic range method allows for more nuanced and 
precise stratification. 

Functional mapping creates the necessary dynamic range for effective stratification both at 
the spatial and non-spatial levels. While we are still far from fully integrating this into treat-
ment decisions, this method, in conjunction with determining the immune environment, is a 
crucial step. However, no method works single-handedly.

Every precise method, including FuncOmap, has its pros and cons. If we correlate FuncO-
map to the immune environment and, eventually, link it to genomic events at the DNA level, 
we will have three quantitative readouts. In today’s computational framework environment, 
as demonstrated in our paper in collaboration with Dr Julian Padget, this can be automated 
[1]. Instead of assessing 20  data points, we can now analyze 5,000, enabling more precise 
decision-making. Nowadays, the majority of high-level data reading can be automated using 
machine learning. 

Statistical analyses are also crucial to investigate large numbers of patients for whether they 
should be treated with a specific type of drug or not. It is not sufficient to only investigate 
patients close to the fitted curve produced by statistical methods. The key to moving from pre-
cision to personalized medicine lies with the outliers, as they are crucial to understanding why 
some patients become resistant to different therapies, including immunotherapy. 

Spatial mapping can help in this regard, as it enables the investigation of multiple markers as 
opposed to one or two. All things considered, we are not suggesting that the expression levels 
of markers, whether nucleotides, proteins, lipids, or carbohydrates, should be erased. Instead, 
assessing expression levels should be the first step. The next stage involves investigating the 
immune environment and examining the functional, or interactive, state of the molecules in 
question. Without this, we risk mistreating patients.  
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 Q How can FuncOmap be applied to other types of cancer, and how 
do you envision its integration into routine clinical practice?

BL: This type of spatial mapping, whether semi-quantitative or FuncOmap, is 
not limited to cancer. It can be applied to any pathology, including chronic pain, diabetes, 
cardiovascular disease, or infectious diseases. We are dealing with how molecules communicate 
and interact with one another, regardless of the complexity of the disease. Disease complexity 
can be deciphered by investigating the multiple markers in space, either semi-quantitatively or 
quantitatively using FuncOmap.

Furthermore, this technology is not only applicable to solid tumors but can also be extended 
to other types of cancer, such as leukemia. FuncOmap can also be applied at the single-cell 
level, allowing us to investigate the interactions of these cells, and the markers they express. In 
essence, this approach offers a comprehensive view of how diseases unfold at both the tissue 
and single-cell levels, paving the way for more precise diagnostics and treatment strategies 
across a broad spectrum of diseases.

I am currently working with surgeons, particularly Dr Amanda Kirane at Stanford Medical 
School within the melanoma team, and they already have the facility to use spatial mapping 
in clinical settings. Specialized microscopes are currently used to investigate immune environ-
ments spatially, but FuncOmap is designed to be more accessible, as it can be implemented 
on different types of standard microscopes. FuncOmap, licensed by the University of Bath, is 
essentially an app that can be added to various microscopes, expanding its potential for broader 
use in clinical settings. 

Notably, surgeons have a unique position of authority in the clinical setting. With ethical 
approval and standard operating procedures, they can collect specimens from patients, which 
is crucial for implementing advanced techniques such as spatial mapping. By investigating the 
immune environment and the functional states of molecules before treatment, this tool can be 
used to refine decision-making around whether a patient will need treatment or what doses are 
appropriate. Lastly, FuncOmap is not associated with any pharmaceutical company, allowing 
it to be used more routinely at the academic and clinical level.

 Q What excites you most about the potential of spatial mapping, 
specifically the FuncOmap, in cancer treatment?

BL: It is exciting to see the culmination of 24 years of work coming to fruition. 
The hard work of many people within my team and contributions from researchers and clini-
cians, spanning countries such as the USA, France, and Spain, have enabled us to get this far. 

I am also thrilled to collaborate with surgeons who think that molecules are as important 
as the surgical knife. Sometimes the localization of the tumor prevents its removal solely by 
surgery. For example, some biopsies can be as small as 0.5–1 mm, which requires going down 
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to a single-cell level. Working with surgeons willing to incorporate spatial mapping methods 
into their pathology laboratories, such as Dr Kirane, is very exciting. Even parts of the National 
Cancer Institute in the USA are starting to notice our work and recognize its importance. 
Hopefully, in the next 5 years, we can advance to have one or two examples of FuncOmap in 
a surgical environment. 

 Q What are the key future perspectives for you in the next 5 years?

BL: In the next 5 years we hope to secure significant funding from the USA, 
Europe, or the UK to fully implement FuncOmap in collaboration with surgeons. If 
we can conduct this as a pilot study across three hospitals beginning to work with us, that alone 
would be quite an achievement. However, whether FuncOmap becomes a worldwide method-
ology, will depend on the pharmaceutical companies, which is where it becomes more political. 

Having worked with the team at Stanford, including Dr Kirane and Professor Jeffrey, I real-
ized that it truly pays off to work with surgeons who are open-minded to exploring molecular 
and cellular processes. I envision this kind of work as the way forward over the next 5 years, 
at least for myself and my center. We are beginning to implement these techniques to address 
questions related to chronic pain, particularly in cancer patients, and gain a deeper understand-
ing of the underlying mechanisms.

In essence, our work is a combination of implementing computational frameworks, under-
standing molecular mechanisms, and working with surgeons to ultimately benefit the patients. 
This is how I envision the path forward. They may be small steps, but they are a huge improve-
ment compared to where we were 4 years ago. 
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