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Follow-up of oral cancer patients 
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All options Two-grade Three-grade 

WHO 

Overall  κ-value 0.21 (0.17-0.26) 0.57 (0.46-0.68) 0.35 (0.27-0.43) 

SIN 

Overall κ-value 0.28 (0.23-0.33) 0.60 (0.49-0.71) 0.40 (0.32-0.48) 

Ljubljana 

Overall κ-value 0.19 (0.14-0.24) 0.50 (0.39-0.61) 0.30 (0.22-0.39) 

Unweighted κ-values with 95% confidence intervals 

Fleskens et al 2010 



Haddad et al NEJM 2008 
  Gale et al Histopathol 2009 



Diploid histogram 

Aneuploid histogram 



Only hyperkeratosis cases 
diploid vs aneuploid p=.002 

diploid vs aneuploid p<.001 

Siebers et al 2010 



Reinforcements 

•  Sample enrichment (dilution with non aberrant tissue 
decreases sensitivity) 

•  Combination with other relevant biomarkers (e.g. γH2AX, 
p53, p16 etc) 

•  Combination with histopathology 

•  Applicability in small (biopsy) samples with limited tissue 
availability (e.g. larynx) 



•  HYPOTHESIS 
 Combined assessment of DNA ploidy and expression of 
other relevant biomarkers in situ in tissue sections 
allows accurate identification of subpopulations of cells 
at risk for malignant progression. 



•  AIM 
 Development of a method for in situ ploidy analysis, 
which may be combined with assessment of other 
relevant biomarkers at the single cell level 

o  Ploidy analysis in tissue sections 
o  Multiplexing of fluorescent signals 
o  Automated recognition of nuclear profiles in sections 
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Tissue ploidy DNA ploidy measured in isolated nuclei 

analysis Diploid Tetraploid Aneuploid 

Transmitted light microscopy (n=22) 

Diploid 11 0 0 

Non-diploid 2 4 5 

Fluorescence microscopy (n=5) 

Diploid 3 0 0 

Non-diploid 1 1 0 

Confirmed by double target FISH (c#1/c#7) 

Fleskens et al Histopathol 2010 



DRAQ-5 p53 Ki-67 

p53 (G), Glut-1 (R), Ki-67 (B), DRAQ-5 (grey) 
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p53 – Qdot 605 (in red); Ki-67 (sp6) – Alexa Fluor 594 (in green); DRAQ-5 (in blue) 
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(Partly) restricted randomized Hough transform 
for ellipse detection 

•  Canny edge detection 
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Restricted randomized Hough transform 
for ellipse detection 



Globally optimal active contour model 



Globally optimal active contour model 
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Globally optimal active contour model 
    combined with Hough transform 



•  CONCLUSION 
 A method was devised enabling detection of aneuploid 
cells in tissue sections, while at the same time yielding 
information regarding cell cycle phase. This method can 
be combined with assessment of other relevant 
biomarkers, employing fluorescence multiplexing. 
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