
Breslow density is a novel 
prognostic feature in 
cutaneous malignant 

melanoma

Gerald Saldanha

University Hospitals of Leicester

University of Leicester



AIM



Measure
Breslow density on 

ALL MELANOMAS 
after today



But 

WHY
should I?



MELANOMA PROGNOSIS



Will this patient die of 
disease?

Clinical
Histological
Biomarkers



Clinical

Age
Sex
Site



Histological

FEATURE
Breslow thickness

Ulcer
Mitotic rate

Microscopic satellites

Regression                          
TILs

Clark level
LVI / PNI

Growth phase



Clinico-pathological

AJCC stage



Moore, Histopath 2012

Biomarkers



Abbas, A J Dermatopathol 2014

Biomarkers



Can we discover new 
biomarkers using only H&E 

sections?
What can be measured

… and is simple, quick and 
cheap?



H&E biomarker candidates

Histological correlates of molecular pathology – UV damage / BRAFoma

Enhancement of existing histological biomarkers – TILs / regression/Ulcer / BT

Cellular infiltrates – neutrophils / eosinophils



From biomarker 
discovery to practice



The long road to biomarker translation

Scientific validity = discovery

Analytical validity

Clinical validity

Clinical utility



The long road to biomarker translation - BD

Scientific validity = discovery

Analytical validity

Clinical validity

Clinical utility

Today

Future studies



BRESLOW DENSITY: 
WHAT IS IT?



Enhance Breslow thickness

A one dimensional crude surrogate for invasive melanoma cell burden

BUT

A H&E section has 2 dimensions so why not take advantage of this?



Breslow density – the concept

Melanoma A Melanoma B

Prognosis
Melanoma A = Melanoma B

1 dimension



Breslow density – the concept

Prognosis

Melanoma A > Melanoma B

2 dimensions

Melanoma A Melanoma B



BRESLOW DENSITY: 
HOW IS IT MEASURED?



How can Breslow density be measured?



1. During routine reporting, find 
deepest cell
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1. During routine reporting, find 
deepest cell

2. With scanning lens, centre the 
field on deepest cell 

3. Switch to x10 lens
4. Adjust field to maximise BD 

while still including deepest cell. 
Use any landmarks to delineate 
lateral edge of BD window

5. Switch back to scanning lens
6. Mentally construct crude BD 

window using landmarks and 
estimate BD% (~20%)



30 seconds

1. During routine reporting, find 
deepest cell

2. With scanning lens, centre the 
field on deepest cell 

3. Switch to x10 lens
4. Adjust field to maximise BD 

while still including deepest cell. 
Use any landmarks to delineate 
lateral edge of BD window

5. Switch back to scanning lens
6. Mentally construct crude BD 

window using landmarks and 
estimate BD%



How can Breslow density be measured?
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How can Breslow density be measured?



BRESLOW DENSITY: 
Analytically valid?



Accuracy?

Image analysis  vs observer estimate

ICC

0.84



Precision ICC
0.93



Precision



Precision



Indistinct boundary between melanoma and naevus



Precision

Indistinct boundary between melanoma and naevus

Inflamed melanomas

Expansile junctional nests



Precision

Mean score v Pathologist with only written instruction

ICC 0.93



BRESLOW DENSITY: 
IS IT PROGNOSTIC?



Break Breslow density into 3 risk groups

lower Middle Upper

BD Histogram

970 patients from Leicester 2004-2009



Survival curves for BD risk groups

Overall survival



Melanoma specific survival

Overall survival

Survival curves for BD risk groups



Melanoma specific survivalOverall survival

Met-free survival

Survival curves for BD risk groups



Melanoma specific survivalOverall survival Met-free survival

How do we know survival curves aren’t confounded?

Survival curves for BD risk groups



Melanoma specific survivalOverall survival Met-free survival

P<0.001

Survival curves for BD risk groups
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Melanoma specific survivalOverall survival Met-free survival

P<0.001 BD was associated with:

Age at diagnosis

Melanoma type

Ulceration

Mitotic count

Microscopic satellites

AJCC version 7 stage at diagnosis

Survival curves for BD risk groups
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BD HR  (95% CI)       

1.00 1.02 1.03

P valueOutcome       

Overall survival < 0.001

Melanoma-specific survival < 0.001

Metastasis-free survival < 0.001

BD adjusted for

Breslow, Ulcer, Mitoses, Age, Sex, 
Site, Microsatellites



BD - the story so far

BD adds 2nd

dimension to BT
BD is quick, easy 
and cheap to 
measure

BD accuracy 
comparable to image 
analysis & precision is 
excellent

BD is a powerful 
prognostic feature

01 02

03 04



BRESLOW DENSITY: 
FROM THEORY TO 

PRACTICE



How can we use BD?

1. AJCC staging feature

2. AJCC staging adjunct



Could BD be used as 
AJCC8 adjunct?



Breslow score: a combination of BT and BD 

Thickness x Density ≈ number of invasive cells

in the BD window

Breslow score
BT  x   BD            =    BS

2.0  x   20/100    =   0.4

0 < BD < 1
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Breslow score: a combination of BT and BD 

Breslow score
BT  x   BD            =    BS

2.0  x   70/100    =   1.4

0 < BD < 1

Breslow score
BT  x   BD            =    BS

4.0  x   70/100    =   2.8

0 < BD < 1

BS = 1.4 BS = 2.8



970 Leicester patients
Finding combination of 

BD + AJCC8 // BS + AJCC8

TRAINING

359 Nottingham patients

VALIDATION

FINAL MODEL
1329 Leics -Notts patients

Prognostic index(PI)

Ln(BS) + AJCC8 

Cut into 4 PI groups



BS = 0.8 x 35/100 = 0.28
Ln(0.28) = -1.3 ≈ 47 points

BT 0.8, no ulcer = pT1b = AJCC8 IA
IA = 0 points

Total points = 47
> 95% 5 year MSS
Prognostic group 1 (98% 5 year MSS)

BT = 0.8 mm     BD = 35%



BS = 5.0 x 35/100 = 1.75
Ln(1.75) = 0.6 ≈ 66 points

BT 5.0, no ulcer = pT4a = AJCC8 IIB
IIB ≈ 25 points

Total points = 91
5 year MSS between 80 and 90%
Prognostic group 3 (79% 5 year MSS)

BT = 5.0 mm     BD = 35%



BD can be used as an adjunct to 
AJCC8 staging



Breslow density – where next?

Clinical validity
External validation
Prospective studies

Clinical utility
Impact studies



Breslow density – is there anything 
better?

Is BD/BS the best way to capture the 2nd dimension?

Melanoma A Melanoma B



BRESLOW DENSITY: 
SUMMARY



Summary

BD adds 2nd

dimension to BT
BD is quick, easy 
and cheap to 
measure

BD accuracy 
comparable to image 
analysis & precision is 
excellent

BD is a powerful 
prognostic feature

01 02

03 04
05

Can be used 
with AJCC8



WILL YOU BE MEASURING BRESLOW DENSITY

ON YOUR NEXT MELANOMA?

Facilitate further research
Clinical validity
Clinical utility
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THE END
THANK YOU


