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Primary requirement for successful treatment of any malignancy is 

early detection.

Early diagnosis is vital 1 in 3 will get Cancer

1 in 4 will die from Cancer

Survival can be 10% at 5 years for advanced disease.



Histopathology – 50% agreement LGD/HGD

A1 A2 A3

B1 B2 B3

A1 A2 A3 B1 B2 B3

Path 1 No dys No dys Indef Indef Indef Indef

Path 2 Indef Indef LGD Indef Indef Indef

Path 3 LGD LGD LGD LGD LGD Indef

Path 4 No dys No dys Indef Indef Indef Indef

4cm 

4.9cm 
2.5cm 

Histopathology 

Relative Sampling Volume =0.5% 

1mm2 

1 in 200 chance of finding microscopic lesion 
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What is vibrational spectroscopy?

Symmetrical
stretching

Antisymmetrical
stretching

Scissoring Rocking Wagging Twisting



Sample Measurements (Point Map and Image Spectra)

UNSTAINED 

SECTION

H&E STAINED 

SECTION

RAMAN 

MICROSPECTROMETER 

(Near Infrared - 830nm laser)

[~60-2000cm-1 wavenumber 

Raman shifts]

Monochromatic

FTIR MICROSPECTROMETER

(Mid-infrared - 4000-700 cm-1) 

Polychromatic)

Raman 

Hyperspectral 

map

FTIR 

Hyperspectral 

map

15µm frozen 
tissue sections

- 80/100x obj

- ~3.75cm-1 spectral resolution

- 20s / 1 accumulation

- 100-200µm spatial steps (x and y) 

- 24-48 hour maps (3500-9500 spectra)

- 10-56MB maps

- 1 (pt) and 4 (maps) cm-1 spectral resolution

- 6.25 / 25µm spatial steps (x and y)

- 64 co-scans

- 2-6 hour maps (60,000-150,000 spectra)

- 300-800MB maps

On paired lymph 
node study IR and 
Raman both 
provide >90% 
agreement with 
histopathology



Raman 

- Colon data

- SOM fed PCA

Probably too slow….



FTIR-Diamond Synchrotron, UK

Novel Microscope Technology - imaging smaller imaging faster

10 micron pixels 

0.54 micron pixels 

FTIR/DFIR-Benchtop instrument

www.minerva-project.eu



Tunable Mid-IR 

supercontinuum source wavelength 

 
wavenumber 

 

High NA 

Optics
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Re-examination of existing data

• How might the AOTF parameters affect classification 
performance?
• Gaussian profile centred on wavelength

• FWHM = 1% of wavelength

• Sampling at 1% wavelength
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5-group

2-group

Conclusions

• 900-1800 cm-1 gives the best performance (CC, SN and SP) overall. 

• 2500-4000 cm-1 gives the worst performance overall.

• Performance and model stability decrease rapidly when wavenumber spacing exceeds 32 

wavenumbers.

• 800-4000 cm-1 appears least affected by increased wavenumber spacing.

• Furthermore the addition of the 2500-4000 cm-1 region to the 900-1800 cm-1, although it doesn’t 

increase performance, it doesn’t significantly reduce it, however the inclusion of the region 

between 1800 and 2500 cm-1 wavenumbers clearly introduces spectral features which do not 

correlate with disease condition.

Frozen section colon model: Effect of spectral range



Source W / 2cm-1 through 10µm pinhole
– CH region
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5 4 3

m i c r o n s

2 0 0 0 2 5 0 0 3 0 0 0 3 5 0 0 4 0 0 0

w a v e n u m b e r

Lots of 

approximations

and 

extrapolations!

Extreme 

1000mW

Low power

75mW
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Optimal regions for model performance Variable
Importance for Projection (VIP)

Page 13Lloyd et al. Applied Spectroscopy 2015



Are SC light sources 
good alternatives to 

QCLs?
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Infrared spectral imaging of tissues - Methodology

Agilent FTIR imaging system

Microscope

Motorised sample stage

IR spectrometer

HE stained tissue section 

of normal colonic mucosa

100 µm

Adjacent unstained tissue 

section (7 µm thick)

100 µm

y

X

Spectral Hypercube

IR spectral image 

(Amide I peak)

100 µm

High

Low
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H&E stained

Comparison of different de-paraffinization methods

J Nallala, G Lloyd and N Stone, Analyst, 2015
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Wavelength / microns

Diffraction limited spot versus wavelength and NA of 
microscope objective

0.6

d=λ / 2nsinθ = 0.5λ/NA
Abbe criterion

wavelength 

wavenumber 

Can high magnification help?

0.6 NA
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Agilent system



 

 

Histological image
(Normal colon tissue)

IR based cluster image
Conventional resolution (5.5x5.5 µm2 pixel size)

1.4 mm (2x2 FPA tiles)

1
.4

 m
m

Experimental details

IR based cluster image
High-resolution (1.1x1.1 µm2 pixel size)

 

 

704 µm (5x5 FPA tiles)

7
0
4
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Novel Microscope Technology – High-resolution IR imaging

280 µm (2x2 FPA tiles)

2
8
0
 µ

m
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Nallala et al, Analyst, November 2015 (DOI: 10.1039/C5AN01871D)



 

 
200 µm

 

 

100 µm

200 µm

100 µm

Colonic tubular

adenoma

 

 

1 (10.33%)

2 (5.12%)
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4 (5.8%)

5 (4.03%)

6 (15.05%)

7 (13.6%)

8 (7.37%)

9 (6.89%)

10 (5.48%)

11 (20.34%)

100 µm

Imaging parameters: 
Spectral resolution: 4 cm-1

Pixel size: 5.5 and 1.1 µm2

Scans/pixel: 64
Spectral range:1000-3900 cm-1

Spectral pre-processing: 
EMSC based corrections 
(baseline,  normalization and 
mathematical 
de-paraffinization)

Multivariate statistical analysis:
K-means cluster analysis
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Standard magnification
(7X; 5.5x5.5 µm2 pixel size)

High magnification
(36X; 1.1x1.1 µm2 pixel size)
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J. Nallala, G. Lloyd, N. Shepherd, N. Stone; Analyst,141, 2016
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G1

G2

Principal component analysis (PCA) showing the score plot (left) and the loading (right) for the clusters 12 (G1) and

3 (G2). For the score plot, PC1 shows a clear separation with the highest explained variance. PC1 loading is plotted on the

right which shows predominant mucin features (highlighted in green) separated from the other histological features.

Differentiating cell types: Principal component analysis (PCA)

High-resolution FTIR imaging of colon tissues for elucidation of individual cellular and
histopathological features.

Jayakrupakar Nallala, Gavin Rhys Lloyd, Neil Shepherd and Nick Stone

Analyst, November 2015 (DOI: 10.1039/C5AN01871D)

Mucin rich cells
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Alzheimer’s β-amyloid plaques with 5.5 µm pixels

Agilent Technologies Cary 670 FTIR spectrometer coupled to a Cary 620 FTIR microscope with a 0.62 NA, 15⨉⨉⨉⨉ Cassegrain objective, and 

a liquid nitrogen-cooled focal plane array (FPA) detector. The detector has 16384 pixels arranged in a 128⨉⨉⨉⨉128 array. The area imaged by 

micro-transmission through the 15⨉⨉⨉⨉ objective corresponds to 704⨉⨉⨉⨉704 µm2. 
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Pathology type Non-tumoral Dysplastic Hyperplastic Cancer Total

No. of samples 31 29 14 26 100

Status T1-T3

� FTIR imaging

� Pre-processing

� Multivariate analysis
- K-means cluster analysis
- Pathology attribution
- PCA-LDA (LOSOCV) based discrimination

- EMSC based mathematical de-paraffinization
- Baseline correction
- Normalization

- Standard mode (5.5x5.5 µm2)
- High-magnification mode (1.1x1.1 µm2)
- Total 200 FTIR images

� 15,000,000 spectra retained !
� 50 GB data cube !



Clustering vs Manual

?!

• 64 images; 5 pathologies

• Paraffin corrected

• K-means segmentation

• Manual segmentation (surgical registrar)



Segmentation of histopathological features

Non-tumoral

100 µm

Dysplastic

100 µm

Cancer

100 µm

Hyperplastic

100 µm

PCA-LDA
leave one sample out cross-validation

(per spectrum)
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Common K-Means Clustering



Segmentation using common K-means

Standard 
magnification

26 samples

6 classes
Epithelium

Stroma



Sample

Sections

FTIR
H&E

Segmentation

Registration

Clustering

Select regions

Train model

Test model

Work flow for spectral histopathology

28



• PCA-LDA

• Leave-one-map-out cross-validation

• 2 groups (Normal vs Cancer) 

• Standard magnification (5.5x5.5 µm2)

SN SP
No. 

Spectra
No. samples

Standard k-means only (NM) 81% 82% 500K 57

Standard k-means only (HM) 80% 83% 3M 57

Common k-means only (NM) 84% 86% 260K 26

Segmentation + registration only (HE-IR) 79% 83% 770K 25

Segmentation + registration + K-means 
(HE-IR-KM)

90% 93% 81K 24

Results so far…. 

29



Discriminating cancerous tissues from non-cancerous

2 group model (N=57) 

500K spectra NM / 3M spectra HM

Normal magnification High magnification

• The jury is out regarding high versus standard mag for discrimination – work on going

• Discrimination reduces with the addition of intermediate groups 

• In the process of building large models with many patients / samples 

SN = 81% 

SP = 82%

t = x mins

SN = 80% 

SP = 83%

t = 25x mins



Biomedical Physics

Raman: Pixel size versus classification performance

TB = Tissue border…

8.4µm

2.1µm



53 Axillary nodes - LDA Probe models to 

test sampling options

- LONO-CV 

All 
Spectra

20 Point 10 Point 5 Point

Sensitivity
(%)

86 86 82 82

Specificity
(%)

93 90 93 91

Smith et al., Technology in Cancer Research and Treatment, 2003.
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1 (20.55%) 2 (3.05%) 3 (5.64%) 4 (21.33%) 5 (17.92%) 6 (13.31%) 7 (18.2%)

50 µm

A. Conventional magnification (7X)
(Pixel size: 5.5 x 5.5 µm2)

 

 

1 (13.07%) 2 (11.9%) 3 (16.92%) 4 (17.95%) 5 (10.17%) 6 (1.92%) 7 (22.85%) 8 (5.22%)

50 µm

B. High magnification (36X)
(Pixel size: 1.1 x 1.1 µm2)

 

 

1 (8.7%) 2 (16.38%) 3 (21.27%) 4 (17.05%) 5 (18%) 6 (5.28%) 7 (13.33%)

50 µm

C. Conventional magnification (12X)
(Pixel size: 3.3 x 3.3 µm2)

 

 

1 (14.22%) 2 (6.48%) 3 (19.59%)4 (15.86%) 5 (13.84%) 6 (2.46%) 7 (10.52%) 8 (8.56%) 9 (8.47%)

50 µm

D. High magnification (63X)
(Pixel size: 0.66 x 0.66 µm2)

Comparison of different NA’s and magnifications

HE reference image

50 µm



Recent advances – discrete frequency imaging

- K. Yeh, R. Bhargava, et al, Anal. Chem., 2014
- N. Kröger, W. Petrich, et al, J. Biomed. Opt., 2014
- P. Bassan, P. Gardner, et al, Analyst, 2014
- C. Hughes, M. Baker et al, Scientific reports, 2016
- J. Rowlette, B. Bird, et al BioOptics World, 2014

4000 10001800

Wavenumbers (cm-1)

800

Christian Petersen, et al, Nat. Photonics, 2014R. Bhargava, et al, Anal. Chem., 2014



Recent advances – discrete frequency imaging

- K. Yeh, R. Bhargava, et al, Anal. Chem., 2014
- N. Kröger, W. Petrich, et al, J. Biomed. Opt., 2014
- P. Bassan, P. Gardner, et al, Analyst, 2014
- C. Hughes, M. Baker et al, Scientific reports, 2016
- J. Rowlette, B. Bird, et al BioOptics World, 2014

- Supercontinuum source (2 to 4.5 µm) 
0.5 milliwatt/nm 

- Acousto-optic tuneable filter (5 cm-1

spacing)

- Mid-IR camera (500x600 pixels)

- 160 frequencies, Transmission mode
35
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FTIR - raster FTIR - imaging QCL
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Preliminary conclusions and future plans

- Spectral discrimination between tissue-type works well in comparison to the 

gold-standard

Epithelial tissue, connective tissue., etc

- Higher magnification is providing greater understanding of biochemical 

changes associated with pathological cells and tissues

-Discrimination between pathologies is promising for the two-group model: 

Normal and Cancerous

- Discrimination capabilities reduces with the addition of intermediate groups

Adenomatous and hyperplastic

- Efforts underway to test more discriminant models to separate different 

pathologies of colon tissues

- Key discrete frequencies for discrimination to be identified and targeted
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