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Basal Cell Carcinoma (BCC) Surgery

The commonest human cancer with around 150,000 

cases each year in the UK.

Incomplete margins: 11%  (19.9% for BCC around eyes)

Challenge:  

 cut all cancer out 

 spare healthy tissue

Br J Dermatol 2021; 184:1033-1044 DOI 10.1111/bjd.19660
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1-2 hours
30-90 minutes (Mohs) …..1-2 weeks (wide local excision)

20-30 minutes

Current surgery

Future surgery?

Fast Raman 
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Multi-modal spectral imaging

PNAS 2013, 110 (38), 15189-15194 



Multi-modal spectral imaging

2×2mm2

PNAS 2013, 110 (38), 15189-15194 



Multi-modal spectral imaging

2×2mm2

PNAS 2013, 110 (38), 15189-15194 



Outcome

Diagnosis 1cm2 tissue: 

1500 spectra (20-60 min)



DARPA HomeDARPA Home

Gerwin Puppels

http://www.darpa.mil/default.aspx
http://www.darpa.mil/default.aspx


DARPA HomeDARPA Home

Primary outputs:

(i) integrate the AF- Raman instrument into clinical pathway (Mohs surgery).
aaa

(ii) evaluate validity (sensitivity/specificity) and reliability (inter- and intra-user 

variability) in order to plan a definitive national diagnosis test accuracy study.

Mohs surgeons:

Sandeep Varma 

Sunita Odedra  

Asish Sharma  

Anand Patel 

Richard Jerrom

Gerwin Puppels

http://www.darpa.mil/default.aspx
http://www.darpa.mil/default.aspx


Step 1: Raman analysis 

Immediately after excision

Time limit: 40 minutes



Step 1: Raman analysis 

Immediately after excision

Time limit: 40 minutes



 Proof-of-concept study 

Recruitment period: March 2020 – July 2021

Split layers: 30 layers: 9 BCC +ve

          21 BCC –ve

AF-Raman instrument

Mohs surgeons:

Br. J Dermatol 2016

175: 549-554

Sensitivity

89%

88% 

88-92%

   

Specificity

81%

93%

58-85%



Sensitivity Specificity

Raman vs. reference 67% 73%

Raman vs reference

(exclude out-of-focus images)
96% 73%

Mohs surgeon vs. reference 86% 89%

Mohs surgeon vs. reference

(EMC Rotterdam study 2016) 92-88% 58-85%

 Reference = consensus panel 3 dermatopathologists

Diagnostic test accuracy study: Recruitment Sept 2022 – May 2023

Full-face layers: 125 patients (1 layer/patient): (56% female and 44% male)



Breast conserving surgery (BCS)

~5000 re-operations 

per year

(these patients are ~4 times 

more likely to  die)

UK: 50,000 new patients per year

(300,000 in the USA) 

BCS: 60-70% patients



Invasive Breast Cancers

Invasive ductal 

carcinoma 

Tumour-surrounding 

stroma 

Invasive carcinoma 

Stroma 

Tumour-surrounding 

stroma 

Parenchyma

(lobules, ducts)

Stroma

Adipose tissue



AF-Raman



Integrated auto-fluorescence imaging and Raman 

Spectroscopy Imaging

PNAS 2013, 110 (38), 15189-15194. 

AF-Raman



Independent validation using whole lumpectomy specimens 

(51 samples from 51 patients) 

AF-Raman



Independent validation using whole lumpectomy specimens 

(51 samples from 51 patients) 

10 lumpectomy samples histology “positive margins” 

AF-Raman “Positive” diagnosis for 10 specimen

100% sensitivity , 78% specificity
Tissue analysis time: 

Sample size: 4 x 6.5 cm2; 

 12-24 minutes.



Intra-operative assessment of lymph nodes



Annotation of the Raman spectra



81 LNs (78 new patients): 

15 +ve, 66 -ve 

96.97% specificity 
[95% CI 95.82-97.59]

80% sensitivity 
[95% CI 75.38-83.16] 

 

Machine learning classification of whole lymph nodes 

Combined AF-Raman scanning/classification

Model 2: SLN +ve: one segment >350 µm or 

two or more segments (regardless of size)

13 true +ve, 64 true –ve 

2 false –ve ; 2 false +ve 



Representative examples of true positive 
(Model 2 operating regime: 96.97% specificity) 



Conclusions 

• Integrated Raman spectroscopy and auto-fluorescence imaging can be 

used to detect BCC in whole resected tissue layers within 20-30 minutes

• No user training needed for diagnosis (objective diagnosis)

• Platform technology (“molecular fingerprinting”)”:

• Basal cell carcinoma: diagnostic test accuracy (125 patients in the 

clinic)

• Breast cancer surgical margins: prototypes + proof-of-concept

• Sentinel lymph nodes (breast cancer): prototype + proof-of-concept
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