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For some diseases we have clear biomarkers

• Genetic diseases  (e.g. huntington disease)

• Metabolic diseases (e.g. diabetes)

• Infective diseases (e.g. COVID-19)

… blood, nasal swab or even saliva can be 

enough for diagnosis.



For cancer diagnosis we need to “observe it” (most of the time)
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We need to define a contrast. Today, by chemical staining
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The tissue stained by “H&E”

2 mm
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Cancer histopathology today

1 mm
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Cancer histopathology today

200  µm
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Cancer histopathology today

100  µm



Main Limitations

• High Subjectivity and Error prone

• Time-consuming (sample preparation and staining)

• Scarce molecular characterization (only morphological) 
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• Other biomolecular characterization is normally required
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Digital Pathology (?)



Main Limitations 

• More objective

• Fast (visualization) – same time for staining

• Scarce molecular characterization (only morphological) 

Digital Pathology

Campanella, Gabriele, et al. Nature medicine 25.8 (2019): 1301-1309. Renzo Vanna, PhD
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Vibrational imaging for cancer diagnosis

Chemical staining       vs          Vibrational imaging
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• Highly informative

• Objective

• Label-free

• Compatible with automatic 

procedures



Vibrational imaging for cancer diagnosis
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Stimulated Raman 

Scattering (SRS)

Coherent Anti-Stokes 

Raman Scattering (CARS)

Mid Infrared Adsorption

(FT-IR spectroscopy)

(QCL IR spectroscopy)

Photothermal effect

Raman scattering

Vanna, Renzo, et al. La Rivista del Nuovo Cimento (in preparation), (2021)



Vibrational imaging for cancer diagnosis: how it works
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Vibrational imaging for cancer diagnosis: how it works
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Vibrational imaging for cancer diagnosis: how it works



Vibrational spectroscopies at glance

Vanna, Renzo, et al. La Rivista del Nuovo Cimento (in preparation), (2021)
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Raman scattering

(Raman microscopy)

Raman microscopy

Vanna, Renzo, et al. La Rivista del Nuovo Cimento (in preparation), (2021)
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Raman imaging: example 1

Vanna, Renzo, et al. Cancer research 80.8 (2020): 1762-1772.
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Raman imaging: example 1
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500 µm



Raman imaging: example 1

Vanna, Renzo, et al. Cancer research 80.8 (2020): 1762-1772.

2 mm
500 µm  (a few hours)



Raman imaging: example 2

Shipp, Dustin W., et al. Breast Cancer Research 20.1 (2018): 1-14.



Raman scattering

(Raman microscopy)

Vibrational spectroscopies at glance
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(FT-IR spectroscopy)
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FT-IR imaging: example

Fernandez, Daniel C., et al. Nature biotechnology 23.4 (2005): 469-474.

(a) (b)

700 µm

1 cm

(40 min)

(days)

• 262 samples from 40 patients

• 3 million spectra

• 6.25 um spatial resolution



Vibrational spectroscopies at glance
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- Super-detailed information

- High resolution

- Simple technology

- Compatible with water

- Low imaging speed

- Super-detailed information

- Medium resolution

- Simple technology

- Medium/Low imaging speed

- Not compatible with water

FT-IR



QCL IR-Imaging

Mittal, Shachi, et al. PNAS 115.25 (2018): E5651-E5660.
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Raman microscopy

QCL source

Tunable Quantum Cascade Laser (QLC) Source

QCL-IR FT-IR

single-element mercury cadmium telluride (MCT) 



Vibrational spectroscopies at glance
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QCL-IR examples

Mittal, Shachi, et al. PNAS 115.25 (2018): E5651-E5660.

1 mm

1 cm

(8h)



QCL-IR examples

Mittal, Shachi, et al. PNAS 115.25 (2018): E5651-E5660.

1 mm

1 cm

Kuepper, Claus, et al. Scientific reports 8.1 (2018): 1-10.

2 cm(8h)
(34 min)

(4 days)



Photothermal microscopy
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Raman microscopy

QCL-IR

FT-IR

Photothermal microscopy



Photothermal microscopy

Tamamitsu et al. Optica 2020
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Raman microscopy

QCL-IR

FT-IR

Photothermal microscopy

- spectral informative

- Fast

- High resolution

- Compatible with water

- At the early stage



Coherent Raman Spectroscopies
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Raman microscopy

QCL-IR FT-IR

Stimulated Raman 

Scattering (SRS)
Coherent Anti-Stokes 

Raman Scattering (CARS)

CARS
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Stimulated Raman Spectroscopy: example

Mittal, Shachi, et al. PNAS 115.25 (2018): E5651-E5660.

CH2 (2845 cm-1) CH3 (2390 cm-1) CH3 – CH2

- =

CH2 (proteins)   / CH3 – CH2 (nuclei) Virtual stain  (pseudo-H&E)

S
P

E
E

D



Stimulated Raman Spectroscopy: example

Orringer, Daniel A., et al. Nature biomedical engineering 1.2 (2017): 1-13.

Virtual stain  (pseudo-H&E)

Virtual stain  (pseudo-H&E)

1 mm

(120 sec)



Stimulated Raman Spectroscopy

Hollon, Todd C., et al. Nature medicine 26.1 (2020): 52-58.

• 2.5 min (vs 30 min H&E) [smaller tissue regions]

• 278 patients

• 4 systems in 4 hospitals

• > 2.5 million images

• 94.6% accuracy (vs 93.9% H&E)



Vibrational spectroscopies at glance
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Raman microscopy

FT-IR

CARS

SRS
- Very fast !

- High resolution

- Scarce spectral information



Vibrational spectroscopies at glance
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Raman microscopy

FT-IR

Broadband SRS / CARS

CARS

SRS

Polli, Dario, et al. Laser & Photonics Reviews 12.9 (2018): 1800020..



Broadband SRS example

De la Cadena, Alejandro et al. (2021) in preparation

Polli, Dario, et al. Laser & Photonics Reviews 12.9 (2018): 1800020..
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Raman microscopy

FT-IR

Broadband SRS / CARS

CARS

SRS



What’s next ? 
Powerful technologies

Promising data

Space for improvements
..to move technologies to clinical use



Renzo Vanna, PhD

Next steps: How to meet clinical needs ? 

0) Technology improvement  … 
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Next steps: How to meet clinical needs ? 

0) Technology improvement

1) Validation, networking, validation

Guo, Shuxia, et al. Analytical Chemistry 92.24 (2020): 15745-15756.

Fornasaro, Stefano, et al. Analytical chemistry 92.5 (2020): 4053-4064.
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Next steps

0) (not only) Technology improvement

1) Validation, networking, validation

2) - Early definition of clinical and final user need

- Strong interdisciplinarity

- Deep involvement of clinicians

Orringer, Daniel A., et al. Nature biomedical engineering 1.2 (2017): 1-13.

Hollon, Todd C., et al. Nature medicine 26.1 (2020): 52-58.
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