
Clinical demands for intra-operative imaging in breast 

cancer

Susan Brouwer de Koning

EPIC Meeting on Photonics for Cancer Diagnostics and Treatment 

11-12 December 2019



Ms. de Jong, 42 y old Reffered after breast cancer 

screening

Symptoms

• -

• No previous breast issues

Hormonal Hx

• Menarche ± 11 y

• Two children (6y and 4y old) 

PM Hx

• No regular medication

• No other medical conditions

S Hx

• Smoker 

• 1-2 alcoholic 
beverages/weekend

F Hx

• Family history of breast cancer 
(grandmother)
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Diagnostics

Physical examination Mammography Ultrasound + biopsy
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Diagnosis Ms. Young

Palpable lump

2 cm, immobile

Mammography Ultrasound + biopsy

Ductal carcinoma in situ



Breast cancer



Breast cancer facts (world)



Breast cancer facts (The Netherlands)



Treatment options Ms. de Jong

Surgery Radiation 
therapy

Chemotherapy

Hormone 
therapy

Immunotherapy



Surgery options Ms. de Jong

Breast conserving surgery Mastectomy

60-70%



Surgery

Challenge of removing a non palpable lesion

• Complete tumor removal

• Spare healthy breast tissue Preoperative imaging

- Location

- Size



Surgery

Challenge

• How to find tumor borders during surgery? Intraoperative tumor localization

Intraoperative resection margin 

evaluation

• How to determine if all tumor cells are removed?



Intraoperative tumor localization during surgery

Wire-guided localization

• Lack of 3D perspective

• Wire displacement between placement and surgery

Radioactive seed localization

• Radiation (legislation required and 

exposure to patients and health-care 

workers)
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Surgery

Challenge

• How to find tumor borders during surgery? Intraoperative tumor localization

Intraoperative resection margin 

evaluation

• How to determine if all tumor cells are removed?



Specimen after surgery

Specimen from the OR To the histopathology department



Histopathology 



Resection margins

Positive margin Negative margin

Chance for the tumor to recur



What if…

Accurately localize the tumour 

Positive margins could be evaluated during initial surgery directly

No need to wait for outcome of histopathology 

Allows direct intervention But…

No consensus on definition of positive margin with respect to required 

sampling depth?



Resection margins

What constitutes an adequate margin of excision? 

Positive margin Negative margin

Brouwer de Koning et al. Clinical Breast Cancer Aug. 2018
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The Netherlands

UK

USA

Europe

Germany
Scotland

No ink on DCIS No DCIS within 1 mm

Adequate resection margin: ductal carcinoma in situ

No DCIS within 2 mm

France



Status of resection margin to express success of 

surgery?

• Netherlands: no need for additional treatment of Ms. 

de Jong

• UK: need for additional treatment 

→ Consequences for requirement of a surgical 

tool:

• Required sampling depth varies between 

countries? 

Brouwer de Koning et al. Clinical Breast Cancer Aug. 2018



Surgery

Challenge

• How to find tumor borders during surgery? Intraoperative tumor localization

Intraoperative resection margin 

evaluation

• How to determine if all tumor cells are removed?



Requirements smart surgical tool

Acceptable sensitivity and specificity for small lesions and DCIS

Not labour intensive

Acquisition and processing realtime/within minutes

Binary read out

Large sample area and variable sampling depth

Accessible for all hospitals/not expensive



Can photonics be used to localize the tumor or evaluate 

whether the tumor is removed completely during breast 

cancer surgery?  





Intraoperative resection margin evaluation

Specimen driven or defect driven
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The Netherlands
UKUSA

Japan Europe Germany

Scotland

No ink on tumor Focally positive No tumor within 1 mm

Adequate resection margin: invasive carcinoma 

Austria



Outcome surgery Ms. de Jong

Surgery Radiation 
therapy

Chemotherapy



Current techniques available/under development 

Macroscopic tumour 

margin evaluation

Microscopic tumour 

margin evaluation
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