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@ Evaluate ex vivo
drug responses

@ Treat with

matched drugs ‘

=

@ Establish patient-

sequencing

derived tumour model

Limitations of

« Most genomic drivers are not (yet)
clinically actionable

« Only a subset of tumours harbour genomic
features that can be used to guide therapy
selection

« Genomics does not reflect all aspects of
tumour biology

« Genomics is insufficient to understand all
cancer phenotypes and vulnerabilities

« Clinical success of genomics-based targeted
therapies may be context-dependent
or lineage-dependent

* Genomic biomarkers are unavailable for
many treatments (such as chemotherapies)

« Patient-derived tumour models reflect
aspects of tumour biology beyond

logy
« Functional assays might predict drug
sensitivity for therapeutics without genomic

« Functional assays might guide the selection
of personalized combination therapies

ing toxicity

« Functional assays need clinical-grade

Advantages genomics biomarkers
« Drug sensitivity can be tested within the
patient-specific (epi)genetic background
Clinical goals Predicting resp Over g
« The percentage of patients with an assay
Current that is suitable for drug testing requires standardization
limitations improvement

« Assay turnaround time, specifically for
PDOs, currently limits clinical utility

« Larger, prospective clinical trials are
needed to establish clinical value

PR 1 DA R 20 30 S Y g iR R o B2y T

Fig. 1 Genomics-based precision oncology to functional precision oncology'™
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form tumor models functional characterization
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CTCs refer to tumor cells present
in the peripheral blood of cancer
patients, which are sorted and
cultured for genetic typing and
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Tumor tissue is dissociated into single
cells, and corresponding growth
factors are added to form a tumor
model that includes both tumor and
microenvironment cells through self-
assembly

Tumor stem cells and other related
cell types are sorted and classified,
and induced to form tumor
organoid models

2-3 weeks

Not commercialized

85%

>80%

Upregulation of growth and
proliferation signals, and with
downregulation of
immune/circulatory system

Yes

Yes

Partially retained
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Fig. 2 Primary tumor models for phenotype function testing'™"”
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Limitations of Gene Sequencing and Traditional Phenotypic Functional Testing

Gene Sequencing

% Numerous unknown genetic mutations and epigenetics
% Limited understanding of the functional consequences of

massive mutations in tumors

X

Static and limited sequencing results cannot accurately
characterize the dynamically complex process of tumor

microevolution

X

Inapplicable to the most commonly used chemotherapy

Traditional Phenotypic Functional Testing

% High sample demand

% Difficult to identify cellular composition in the tumor
microenvironment (TME)

% Inability to perform cell interaction analysis

% Difficult to analyze target protein distribution and content

% Inability to observe and analyze pharmacokinetics and
pharmacodynamics

% Inability to analyze molecular characteristics such as gene copy
number and expression changes

% Inability to provide metabolomics information

Detection based on optical microscopy imaging offers high-content investigation and analysis

High-throughput
Analysis with
Limited Samples

Insight into
the TME

Pharmacokinetics

pharmacodynamics

Gene expression
and copy
number

Metabolism and
proteomics

_________________________________________________

Optical microscopy imaging is powerful for precision oncology analysis and
detection

3 Tl W AORAR ) B RS T R T (I 5

Fig. 3 Advantages of tumor precision medicine based on optical microscopy imaging phenotype detection
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Fig.4 Multiplex immunofluorescence (mIF) imaging provides in-depth exploration of the tumor microenvironment and cell-cell
interactions. (a) Multiplex immunofluorescence meets the needs of tumor spatial biology research at different research stages'”;
(b) biomarkers can be identified in the tumor microenvironment through multiplex immunofluorescence imaging to predict
responses to immunotherapy™; (c) assessment of PD-L1 co-expression in breast cancer tissue microarrays (TMA) by multiplex
immunofluorescence is significant for predicting responses to immune checkpoint inhibitor therapy™’, with scale bar of 200 pum;
(d) 9-color composite images presented by multiplex immunofluorescence provide a powerful tool for studying cell interactions

and the tumor microenvironment””, with scale bar of 100 pm
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K5 B A2 BARURAR 5 7 MR 408 B9 25 ) T BUR L . (a) 56 T2k B NAD(P)YH B 5O i B R 26 2547 40 i A28 48 B K -F- 1Y 25
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Fig.5 Autofluorescence microscopy reveals drug intervention responses in tumor cells. (a) Detecting drug sensitivity at the cellular and
organoid levels based on autofluorescence from the reduced form of NAD(P)H"", with scale bar of 400 um; (b) two-photon
fluorescence microscopy for detecting collagen, lipofuscin, and flavin autofluorescence in tissue models can predict tumor
responses to chemotherapy and immunotherapy””, with scale bar of 24 pum; (¢) obtaining lipofuscin autofluorescence lifetime
parameter through two-photon fluorescence imaging and fluorescence lifetime imaging (FLLIM) techniques can distinguish

between apoptosis and necrosis in individual cell level™, with scale bar of 50 pm
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Fig. 6

Fluorescence in situ hybridization (FISH) imaging detects biomarkers for targeted therapy and related tumor molecular

characteristics. (a) Amplification patterns of the oncogene MET can be distinguished using fluorescence in situ hybridization

1(

technology to analyze the relationship between this gene amplification pattern and tumor biological behavior™; (b) fluorescence

in situ hybridization microscopy can detect and analyze genetic abnormalities such as rearrangements, fusions, amplifications,

and deletions in various tumor tissues including lung cancer, gliomas, and breast cancer
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Fig.7 Second harmonic generation (SHG) microscopy reveals information about extracellular matrix components such as collagen to

elucidate tumor staging and metastatic potential. (a) SHG microscopy images illustrate that, compared to proliferating tumor

cells, dormant tumor cells have a lower degree of linear alignment and higher directionalality of extracellular matrix collagen

fibers""”, scale bar: 100 pm; (b) SHG-based microscopy image reveals that in situ tumors with a propensity for metastasis have a

significantly higher area of type I collagen (Coll) than subcutaneous tumors with less metastatic potential, and this distinction is

107 scale bar: 60 pm; (c) SHG images of normal tissue, adjacent normal

more pronounced in the normoxic regions of the tumors
tissue, malignant tissue without metastasis, and malignant tissue with metastasis show that as the malignancy of the tumor

increases, the aspect ratio of the fibers increases significantly!"”, scale bar: 60 pm
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Fig.8 Stimulated Raman scattering (SRS) imaging provides deeper insights for precision medicine in cancer. (a) SRS-based live cell

imaging elucidates the relationship between cell phenotype and genotype, explaining the metabolic reprogramming mechanisms

of melanoma cells, revealing potential targets for metabolic intervention therapy"'”, scale bar: 20 pm; (b) SRS observes

metabolic shifts from glucose to fatty acid dependence in cisplatin-resistant cells, and metabolic index derived from quantitative

analysis of SRS images can be used for tumor resistance prediction"'”, scale bar: 20 um; (c) the workflow of Raman2RNA (R2R)

encompasses cell culturing, molecular vibrational energy level detection of cells, single-molecule RNA fluorescence in situ

hybridization (smFISH) imaging, parallel single-cell RNA sequencing (scRNA-seq) of cultured cells, and the prediction of

single-cell RNA-seq expression profiles from Raman spectra through machine learning and multi-modal data integration””’
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Fig.9 Mid-infrared (MIR) photothermal microscopy and transient absorption (TA) microscopy techniques provide subcellular

biochemical molecular imaging. (a) A three-dimensional view of mid-infrared photothermal imaging of PC-3 prostate cancer

cells, clearly showing individual lipid droplets within the cells"*”; (b) MIP imaging results of MIA PaCa-2 pancreatic cancer cells

treated with JZL.184, with images quantitatively displaying the distribution of intracellular drug and lipid content derived from

multivariate curve resolution (MCR) analysis'"*”,

scale bar: 20 pm; (¢) multicolor mid-infrared photothermal imaging of SISA-1

cells pretreated with Dox (doxorubicin) and a cyanine-labeled enzyme activity probe, visualizing the distribution of phosphatase

and caspase-3/7 activity (from left to right are brightfield, protein, lipid droplets, phosphatase, caspase-3/7, and the merged

enzyme activity images)"™, scale bar: 40 um; (d) transient absorption microscopy imaging the AuNPs (gold nanoparticles) probe

bound to Her2 mRNA, demonstrating the expression levels and localization patterns of Her2 mRNA in MCF-7 and SK-BR-3

breast cancer cells""”, scale bar: 20 pm
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Table 1 Application scenarios and technical comparisons of relevant optical microscopy techniques in the field of precision oncology
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Optical Microscopy Imaging Contributes to Precision Oncology
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Abstract

Significance Precision oncology is imperative for accommodating the distinct journey of each cancer patient, which is determined
by the unique genetic, molecular, and cellular profiles of individual tumors. This shift from a general treatment model to a
personalized approach is driven by the recognition that each patient with cancer presents a distinct set of challenges that must be
addressed to achieve optimal therapeutic outcomes and prognostic accuracy. The conventional methods of cancer treatment, which
typically involve generalized therapies, are deficient owing to the heterogeneity of tumors and the dynamic nature of cancer
progression.

The complexity of tumor biology is a multifaceted challenge that is governed by the intricate relationship among genetic
mutations, epigenetic alterations, and the tumor microenvironment. Tumors are not static—they evolve through a series of genetic
and epigenetic changes that enables them to evade the host’s immune system and resist the effects of various treatments. The tumor
microenvironment, which comprises a diverse array of cell types, extracellular matrix components, and signaling molecules,
significantly affect tumor growth, metastasis, and response to therapy. This renders it difficult to develop comprehensive treatment
plans that can effectively target the specific characteristics of each tumor.

Optical microscopy imaging technologies have been adopted widely in precision oncology as they can address the challenges
posed by the complexity of tumor biology. These technologies allow one to visualize and analyze tumor tissues and cells with high
resolution, thus enabling quantitative and spatially localized analysis of genomic, proteomic, and metabolomic information. This level
of detail is critical for identifying patient-specific molecular characteristics and biochemical abnormalities for developing targeted
treatment strategies.

The significance of optical microscopy imaging in precision oncology is manifold. First, it bridges the difference between the
genomic and phenotypic aspects of cancer, thus allowing for a more nuanced understanding of tumor behavior and response to
therapy. Second, it enables the identification of biomarkers that can predict treatment response, thus providing guidance in selecting
the most appropriate treatments for individual patients. Third, the non-invasive nature of these imaging techniques allows for the
repeated monitoring of tumor progression and response to treatment, thereby facilitating real-time adjustments to treatment strategies
as necessary.

The potential of optical microscopy imaging to transform cancer treatment is substantial. By providing detailed, patient-specific
information, these imaging techniques can facilitate the development of more effective and less-toxic treatment regimens. This
personalized approach can improve patient outcomes by increasing the efficacy of therapies and reducing the incidence of adverse
effects. Furthermore, the ability to monitor treatment response in real time can facilitate more informed clinical decision-making, thus
potentially improving the overall survival rates and quality of life of patients with cancer.

In conclusion, the integration of optical microscopy imaging into precision oncology is a significant advancement in cancer

treatment. Optical microscopy imaging technologies are effective for understanding the complex biology of tumors and for guiding the
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development of personalized treatment strategies. As research in this field continues to progress, the potential for optical microscopy
imaging to revolutionize cancer diagnosis and treatment will be immense, thus affording more targeted therapies and better patient
outcomes in the future. The continued evolution of these technologies is crucial for bridging the disparity between genomic research

and clinical practice, thus ultimately resulting in more effective and personalized cancer treatments.

Progress Optical microscopy imaging techniques have progressed significantly in the field of precision oncology and can provide a
comprehensive view of tumor characteristics. Auto-fluorescence (AF) imaging has been utilized to monitor metabolic activities within
tumors and offers label-free insights into drug responses and cellular metabolism (Fig. 5). Second harmonic generation (SHG) imaging
has been pivotal for analyzing the extracellular matrix (ECM), particularly collagen fiber organization, which is crucial for
understanding tumor invasion and metastasis (Fig. 7). Coherent Raman scattering (CRS), in particular stimulated Raman scattering
(SRS), has emerged as an effective tool for imaging tumor metabolites without requiring labels. SRS has been instrumental in
revealing metabolic heterogeneity, which is vital for identifying therapeutic targets and understanding cancer-cell metabolism (Fig. 8).
Mid-infrared photothermal (MIP) imaging has demonstrated its potential in assessing drug pharmacokinetics and pharmacodynamics by
imaging the distribution of drugs within cells and tissues at a deep cellular level (Fig. 9). Furthermore, multiplex immunofluorescence
(mIF) and fluorescence in sizu hybridization (FISH) have been employed for immunophenotyping (Fig. 4) and genetic analysis (Fig. 6),
respectively, to characterize the immune microenvironment and detect gene amplifications. These techniques, as summarized in
Table 1, collectively contribute to the increasing number of tools available for the characterization of tumors and the optimization of

targeted therapies, thus ultimately improving patient outcomes in cancer treatment.

Conclusions and Prospects Optical microscopy imaging is becoming essential in precision oncology as it allows one to
understand the relationship between tumor genetics and phenotypes. As the field progresses, the integration of these imaging
techniques into clinical settings will become more evident, which will significantly improve cancer diagnostics and treatment. Future
studies shall be conducted to render this technology more accessible by reducing equipment costs and enhancing imaging
methodologies, thereby solidifying its key role in precision oncology.

Key words precision oncology; next-generation sequencing; phenotypic functional assays; optical microscopy imaging; coherent

Raman scattering; mid-infrared photothermal imaging
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