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Preface 
 

 
The following presentation contains the contributions presented at the Second TASTE workshop, 
“TASTE Project: "Pathology of the Breast : Possible artefacts - Benefits of standardization”, held 
on the 20th april 2013 in Brussels, Belgium. The workshop has been realized in the context of the 
activities of the TASTE project “Telepathological ASsessment of histopathological and cytological 
TEchniques“, funded with the support from the European Commission. 
 
This publication reflects the views only of the authors, and the Commission cannot be held 
responsible for any use which may be made of the information contained therein. 
 
It is our hope that these pages will lead to a constructive discussion on the issue of the definition of 
a new “process and workplace ergo-designer” profile and the establishment of a training model 
based on this profile. 
 
These proceedings are published on the TASTE project website www.tasteproject.eu . 
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Workshop Introduction  
 
 
 
 

The Institute Jules Bordet (IJB-ULB) is a leading European institution for breast cancer diagnosis 
and treatment.  
 
The TASTE project is part of the European Commission's Lifelong learning project. It is devoted 
to set technical standards in pathology.  
 
Standardized optimal technical quality is certainly important on every day practice of every 
pathology department.  
 
Digital pathology allows open circulation of virtual slides throughout many countries of the world. 
It will be used in the TASTE project. The goals of discussion, training and technical standardization 
will be achieved by collecting top quality, average quality and artefact-damaged preparations and 
archiving them in a digital web based archive. The images will thereafter be standardized through 
user assessment sessions and made available for the interested professionals all over the world.  
 
This second TASTE workshop will focus on the possible artefacts in breast pathology and will 
illustrate the benefits of standardization. 
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The TASTE workshop and system

Gianni Bussolati

COREP, University of Turin, Italy

Background:

Histological and cytological preparations
are not standardized and their quality
level is variable.
This can affect diagnoses.
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Optimal, standardized procedures are 
crucial if a high standard of test results is 
to be achieved, which is what each 
patient deserves.

Groenen et al., Histopathol. 59, 1-7, 2011Groenen et al., Histopathol. 59, 1-7, 2011

In designing a clinical trial, it is no longer
acceptable to state that

“tissue will be collected by standard protocol”

when in fact protocols
are not standard between hospitals…

Hewitt et al.,  Arch. Pathol. Lab. Med. 132, 1929,2008
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Goal:

To exploit Telepathology to enhance (at 
European level) knowledge and 
recognition of artifacts and ultimately to
improve the quality of histological and 
cytological preparations.

• The ultimate goal of this approach (unprecedented 
at world level) is to fuel a comprehensive Web-
based community of students and staff personnel, 
aimed to a harmonisation and improvement of 
histopathological and cytopathological
preparations, thus leading to an innovative training 
and more reproducible diagnoses, a basic requisite 
for disease treatment.
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ARTIFACTS.

the goal of the TASTE project, must recognize defin ite 
landmarks, since one should ackowledge that no 
preparation can properly be defined as "perfect". T he 
Project is accordingly pursuing the goal of an 
"acceptable level", i.e. of preparations permitting  sound 
and reproducible diagnoses. 

Presentation of examples of artifacts “preventing 

correct diagnoses”.
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• A Project focused on the use of Telepathology for the 

Assessment of Histopathological Techniques at European 

level (TASTE) was approved and financed by a European 

grant from – ICT (Information and communications 

technology) - Multilateral projects, project number :  

519108 - LLP-2011-IT-KA3-KA3MP, Grant Agreement 

number: 2011-4018/001-001 KA3. 

What is a top quality histological section?

What is an internationally accepted standard level of section or 

staining quality? 

Which technical artifacts are not acceptable in a slide of standard 

quality? 

What is the acceptable technical quality having no impact on 

diagnostic assessment? 

How to define digital slide of standard quality?

• These questions are certainly important in everyday  practice 
of every pathology departments and there is an incr easing 
demand for the answers in the era of digital pathol ogy 
characterized with open circulation of virtual slid es 
throughout many countries of the world . 
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• The Project  tackles these problems=

• building-up an ICT environment TASTE System 

• Technicians and students connected via the WorldWideWeb,  

• (Italy, Romania, Portugal, Belgium and Sweden -

• other countries WELLCOMED ) 

• microscopic images of their own preparations to a panel of 

internationally-recognized experts who will give them 

comments and suggestions. 

• Practicing pathologists as well as Residents in Anatomic 
Pathology will be involved. Assessment with real users will 
be organized in order to smooth-down the major problems 
encountered. 

• A step-wise approach for the assessment (and hopefully the 

improvement) of the various histopathological and 

cytopathological preparations will be conducted, so that the 

exchange of images will start with basic routine stains 

(Haematoxylin-Eosin stained slides, Papanicolaou-stained 

smears) in order to check quality and reproducibility of 

fixation, processing and staining procedures. 
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• The 3 years program will then proceed with more sophisticated 
techniques such as special stains immunohistochemical and 
FISH Preparations.

• It will be achieved by collecting top quality, average quality 

and artifact-damaged preparations and archiving them in a 

digital web-based archive. The images will thereafter be 

standardized through user assessment sessions and made 

available for the interested professionals all over the world. 
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fixed images were necessary 
to facilitate the answer to 

questions, but there was a 
need for a ”true” slide
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The Belgian guidelines for 
HER2/neu testing 
in breast cancer. 

Personal experience and comments.

Cecile Colpaert MD, PhD
Department of Pathology
GZA ziekenhuizen/UZA, 

Antwerp, Belgium

JCO January 2007
Arch Pathol Lab Med 2007
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MONITEUR BELGE - BELGISCH STAATSBLAD
21.05.2007 : reimbursement of Herceptin

ISH centres need ISO15189 accreditation by July 2009
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KEY MESSAGES OF THE 
BELGIAN GUIDELINES

1. Immunohistochemistry (IHC) is used for primary HER2 
testing, detecting overexpression of the HER2 protein. 
Fluorescence In Situ Hybridisation (FISH) testing is 
performed in all tumours with IHC scores 2+ or 3+.

2. Tumour tissues should be fixed in 10% buffered formalin 
for 6-48 hours. The interval between tissue acquisition 
and fixation should be as short as possible, preferably 
less than 1 hour.

3. The use of controls of known HER2 levels is mandatory. 
A positive and negative control, determined by IHC and 
FISH, is a minimum. An additional control close to cut-off 
values is also recommended.

KEY MESSAGES OF THE 
BELGIAN GUIDELINES
4.  Laboratories need to document their concordance of IHC 
versus FISH annually. Concordance in IHC 0 and IHC 3+ 
categories should be at least 95%. Importantly, concordance 
in IHC 1+ category should be documented to be > 95% 
before limiting FISH testing only to IHC 2+ and 3+ results. 
5. A yearly audit of HER2-positive results in an unselected  
breast cancer population should show that these are within 
the reported limits of 10-25%. 
6. Participation in EQA external quality assessment rounds 
(CAP, UKNEQAS, NordiQC,…) is mandatory for labs 
performing ISH (ISO 15189) and encouraged for labs 
performing only IHC.
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Key message 1

Immunohistochemistry (IHC) is used for 
primary HER2 testing, detecting 
overexpression of the HER2 protein. 
Fluorescence In Situ Hybridisation (FISH) 
testing is performed in all tumours with IHC 
scores 2+ or 3+.

HER2 testing algorithm in Belgium

FFPE tumour sample
quality controlled IHC

IHC 0 or 1+ IHC 2+ or 3+

negative HER2 test
no trastuzumab

FISH
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Results of a Belgian multicenter retrospective 
study to determine the incidence of HER2 gene 
amplification in patients scored as 
immunohistochemistry 0 or 1+.
D. Larsimont, C. Colpaert, R. Salgado, N. Vermeesen, V. D'hondt, T. De Celle. 
Jules Bordet Institute, Brussels, Belgium; St Augustinus, Antwerp, Wilrijk, Belgium; Institut Jules Bordet, Université Libre de 
Bruxelles, Brussels, Belgium; Roche Diagnostics, Brussels, Belgium; Roche Pharmaceuticals, Brussels, Belgium 

J Clin Oncol 29: 2011 (suppl; abstr 549) 

• Objective: to determine the proportion of patients who are 
not currently retested (i.e. IHC 0/1+) but who are HER2-
positive by SISH. 

• IHC 0/1+ samples from 34 participating laboratories 
• HER2-positive status (HER2/CEP 17 ratio > 2.0) was 

detected in 3.1% (n=14 of 456) of samples in total: 
o 2.5% (n=4 of 163) of samples classified as IHC 0
o 3.4% (n=10 of 293) of samples classified as IHC 1+. 

Key message 2

The interval between tissue acquisition and 
fixation should be as short as possible, 
preferably less than 1 hour.
oTime between tissue removal and initiation of fixation must 
be recorded (cold ischaemia time): TTF
oRecent studies challenge the < 1 h guideline (e.g. Portier BP et al. 

Mod Pathol 2013) ↔ frozen tissue for tumour tissue banking

Tumour tissues should be fixed in 10% 
buffered formalin for 6-48 hours.
oUnderfixation is more critical than overfixation. 
oDuration of fixation (FT) should be routinely recorded 
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interval between tissue acquisition and 
fixation should less than 1 hour
Khoury T et al. Delay to formalin fixation effect on breast biomarkers.
Modern Pathology 2009;22:1457-1467.

For ER (DAKO 1D5),

Allred score started 
to decline when 
delay to formalin 
fixation was > 2 h 

For PR (DAKO PgR636),

Allred score started 
to decline when 
delay to formalin 
fixation was > 1 h 

ER: delay 0 versus 4 h PR: delay 0 versus 1 h

interval between tissue acquisition and 
fixation should less than 1 hour
Khoury T et al. Delay to formalin fixation effect on breast biomarkers.
Modern Pathology 2009;22:1457-1467.

Delay to formalin fixation 
had no effect on HER2 
IHC (DAKO rabbit polyclonal).

HER2 FISH interpretation 
started to be 
compromised with delays 
to formalin fixation of > 1 
h:

•vague cellular outline

•poor nuclear resolution

•faded non-uniform     
signals (red>green)
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Delayed fixation has an impact on 
HER2 IHC score 

Images : Courtesy of  UCL Brussels (C. Galant/Y. Guiot)

Formalin fixation time between 
6 and 48 hours for all specimens

� ASCO/CAP 2007 recommendation based on only 1 abstract 
decribing a small experiment with 3 carcinomas:

Hofmann M, Gloeckner-Hofmann K, Maass G et al. Influence of different fixatives and 
fixation times on immunohistochemical detection of HER2/neu in breast cancer using 
Herceptest. Pathology Research and Practice 2003: 199(4). Abstract

� ASCO/CAP 2010 ER / PgR recommendation: FT 6-72h

� Most laboratories try to implement the FT of 6-48 h, but 
prolonged fixation is sometimes inevitable during long WE. 

� Underfixation is more critical than overfixation and leads 
to false-negative ER results, false-positive HER2 IHC 
results and “empty nuclei” in FISH.
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Underfixation is more critical than 
overfixation: overfixation experiment

� 32 resection specimens of invasive breast 
cancers: 
one tissue section adjacent to the tissue section 
used for diagnosis and immunohistochemistry was 
fixed in formalin 10% for a prolonged time 
between 75 h and 300 h, mean 118 h.

�HER2 IHC score (DAKO Herceptest) was similar 
in overfixed and standard fixed tissue sections.

Underfixation is more critical than 
overfixation: overfixation experiment

IHC score 1+: fixation time 6-48 h IHC score 1+: fixation time 80 h 
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Underfixation is more critical than 
overfixation: overfixation experiment

IHC score 2+: fixation 6-48 h IHC score 2+: fixation 150 h

Underfixation is more critical than 
overfixation: overfixation experiment

IHC score 3+: fixation 6-48 h IHC score 3+: fixation 300 h
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Underfixation is more critical than 
overfixation: overfixation experiment

� FISH (DAKO pharmDx) performed on 9 IHC score 1+ 
cases, 7 IHC score 2+ cases and 3 IHC score 3+ cases. 

�Quality of FISH assay was good (CAP/ASCO criteria) in all 
but one case: 216 h formalin fixation time. 
In 4 other cases: focal loss of hybridisation signals 
(red>green); all 4 cases fixation times ≥100 h.

� fixation time 6 – 48 h is recommended, but 
can be prolonged to a maximum of 100 h

Minimum fixation time of 6h may be 
insufficient for resection specimens

Fixation time 7 h Fixation time 26h
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Key message 3

The use of controls of known HER2 levels is 
mandatory. 
oA positive (IHC3+/amplified) and negative (0-
1+/non-amplified) control, determined by IHC 
and FISH, is a minimum. 
o An additional control close to cut-off values 

is also recommended, e.g. a tumour with 
IHC score 2+ and HER2/CEP17 between 2 
and 2,5.

Key message 3: IHC control materials

• Adequate control materials include small 
tumour blocks with well defined HER2 
protein expression level and HER2 gene
amplification status.

• Composite control tumour block can be
made by every laboratory.

• Cell lines available in some kits. 

• HER2 IHC score 2+ block is more  
informative about sensitivity of the 
technique than 3+ block.

• Ideally place control tumour blocks on the 
same slide as the patient’s tumour to 
detect technical errors e.g. failure to 
apply reagents. 
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Belgian Working Group for Breast Pathology 

Survey on the implementation of CAP/ASCO HER2 guidelines

In 2012 survey sent to ISH labs � correspond with referring labs

Response: 12 labs with ISO 15189 accreditation and 12 labs without ISO 
15189 accreditation

�Accredited labs:
• test more HER2 IHC score 1+ cases with ISH
• more standard reporting of TTF and FT, but almost all labs aim to 

have TTF<1h en FT 6-48h

• use 1st line control with 0-1+ and 3+
5/12 also use 2+ 

↔ non accredited labs: no control or only 3+ control
• all accredited labs and only some non accredited labs have a 

database for prospective recording of IHC/ISH concordance

Key message 4

Laboratories need to document their 
concordance of IHC versus ISH annually.
oConcordance in IHC 0 and IHC 3+ 
categories should be at least 95%.
oImportantly, concordance in IHC 1+ category 
should be documented to be >95% before 
limiting ISH testing only to IHC 2+ and 3+ 
results. 
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Key message 4
Concordance of IHC versus ISH

Concordance in IHC 0 and IHC 3+ categories should 
be at least 95%.

� 100% concordance in IHC3+ group � IHC test is not 
sensitive enough

� Concordance <<< 95% in IHC3+ group � IHC test is 
too sensitive 

Importantly, concordance in IHC 0-1+ category 
should be documented to be > 95% before limiting 
ISH testing only to IHC 2+ and 3+ results. 

� ISH testing of a random sample of IHC 0-1+ cases? 
� ISH testing of all IHC 0-1+ cases? 

Concordance of IHC versus ISH
Excel file for prospective collection of data on 
HER2 IHC/ISH concordance: yearly audit

Patient 
identity 

lab 
number 
of 
specimen
excision/
trucut

Time to 
formalin 
fixation

Fixation 
time

HER2 
IHC score
0, 1+, 2+, 
3+

FISH 
ratio 
HER2/
CEP17

Absolute 
number 
of HER2 
signals

• Time to formalin fixation: < 1h, >1h*, unknown*
• Fixation time: <6h*, 6-48h, 48-72h*, >72h*, >100h*, unknown*
for all fixation conditions marked with an *, a disclaimer is added in  the report

Suggestion: designate 1 person in the lab responsibl e for keeping the file
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Key message 5

A yearly audit of HER2-positive results in an 
unselected  breast cancer population should 
show that these are within the reported limits 
of 10-25%. 
MR 2013 GZA: 381 resection specimens in 2012

•HER2 IHC 3+:7,1%,     2+: 32,5%,     1+: 54,9%,     0: 5,5%

•HER2 gene amplification: 96,2% of IHC3+,   17,7% of IHC2+,  
1% of IHC1+,    0% of IHC0

→HER2 gene amplification in 13% of resection specimens

(17,9% in 2011, 14,3% in 2010, 16,3% in 2009)

Key message 6

Participation in EQA external quality 
assessment rounds (CAP, UKNEQAS, 
NordiQC,…) is mandatory for labs performing 
ISH (ISO 15189) and encouraged for labs 
performing only IHC.
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NordiQC
Assessment Run B14 2012

HER-2 IHC

The slide to be stained for HER-2 comprised the following 5 
tissues:

IHC FISH
HER-2 Score*
(0, 1+, 2+,3+)

HER-2/chr17 ratio**

1. Breast ductal carcinoma 0-1+ 1.1 – 1.4
2. Breast ductal carcinoma 0-1+ 1.2 – 1.5
3. Breast lobular carcinoma 1-2+ 1.3 – 1.7
4. Breast ductal carcinoma 2-3+ 2.5 – 2.8
5. Breast ductal carcinoma 3+ > 6.0* HER-2

immunohistochemical score (guidelines below) as achieved by using 
two FDA approved kits and antibodies 

(HercepTest™, Dako & PATHWAY®, Ventana)

Key message 6: EQA

Anonymous results from NordiQC run B12 
(HER2 IHC) sent to BWGBP:

� Belgian labs with ISO15189 accreditation: 

9/11 optimal, 1/11 good, 1/11 poor result
� Belgian labs without ISO15189 accreditation:

21/36 optimal, 1/36 good, 14/36 (39%) poor 

NordiQC: “staining is assessed as poor in case of a false negative 
staining (e.g. the 3+ tumour and the 2+ tumour with gene amplification 
showing a 0 or 1+ reaction) or a false positive staining (e.g. the 0, 1+ and 
2+ tumours without gene amplification showing a 3+ reaction).”
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Adhere strictly to CAP/ASCO scoring 
criteria – tune with colleagues!

Adhere strictly to CAP/ASCO criteria

Rüschoff J et al. Histopathology 2010



D7.6   2nd  TASTE Workshop Proceedings                          519108- LLP-2011-IT-KA3-KA3MP

Second TASTE Workshop, 20th April  2013 28

Concordance of IHC versus FISH
yearly audit of HER2-positive results

In 2009: 295 resection specimens of breast 
cancer:

� 16,7 % of specimens with IHC score 2+ (DAKO Herceptest): 
FISH confirmed amplification

� 94,9 % of specimens with IHC score 3+ (DAKO Herceptest): 
FISH confirmed amplification 

�In 16,3% of the 295 resection specimens FISH 
confirmed amplification of HER2

(reported limits are 10-25%) 
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Immunohistochemistry IHC

•A: cells containing less than 20,000 
receptors show no staining (score 0)

•B: cells containing 100,000 receptors 
show partial membrane staining with less 
than 10% of the cells showing complete 
membrane staining (score 1+)

• C: cells containing 500,000 receptors 
show light to moderate complete 
membrane staining in more than 10% of 
the cells (score 2+)

•D: cells containing 2,300,000 receptors 
show strong, complete membrane 
staining (score 3+)

Utilizing cell lines, it was possible to establish a standardized 

immunohistochemical procedure and scoring system 

Gianni Bussolati
University of Turin

Gianni Bussolati
University of Turin

The Formalin-free HospitalThe Formalin-free Hospital
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Gianni Bussolati
University of Turin

Gianni Bussolati
University of Turin

A Formalin-free Hospital ?A Formalin-free Hospital ?

Questions:

- Is a Formalin-free Hospital feasible?

- Is a Formalin-free Pathology feasible?

Questions:

- Is a Formalin-free Hospital feasible?

- Is a Formalin-free Pathology feasible?
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Formaldehyde

FORMALDEHYDE

-Discovered by Butlerow in 1859

-Synthesis procedure: von Hoffman in 1868

-Patent by Trillar in 1889

-Anti-septic properties : F. Blum in 1893

-Formaldeyde as a FIXATIVE: F Blum (1893, 1894)
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Ferdinand Blum
(1940)

Formalin Fixation:

Advantages
• Cost

• Safe for tissue

• Fast penetration

• Excellent morphology

• ICC

Disadvantages

• Unsafe for operators

• Effect on Nucleic Acid 
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The main effect of formaldehyde in tissues is linked to 
the formation of methylol groups on amino groups 
first, followed by the establishment of cross-linking 
methylene groups that lead to proper fixation 

Initial binding of formaldehyde to protein is 

•largely completed in 24 hours but the formation 
of methylene bridges proceeds much more 
slowly. 

•still relatively weak and reversible; stronger 
cross-linking continues to occur over time. 
Complete fixation is thought to take at least 7 
days. Even after this time cross-links continue to 
form slowly.

Depending upon the time of interruption, the 
periphery may show adequate cross-linking, 
whereas the remainder of the tissue is fixed by 
coagulant alcohol during processing .

This may have disastrous effects upon IHC 
staining. This will occur whether
the tissue is a small biopsy or a 4 mm slice .

CHEMICAL REACTION

Pre-analitical procedures in histopathology
Pathological

Anatomy

Surgical

theatres Grossing Embedding Sectioning StainingFixation

standardized

FF FF
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When (where) is Formalin used?

1) TRANSFER of surgical specimens

to Pathology labs.

2) FIXATION of biopsies

2) PRESERVATION of residual tissues.

When (where) is Formalin used?

1) TRANSFER of surgical specimens

to Pathology labs.

2) FIXATION of biopsies

2) PRESERVATION of residual tissues.

Interval 2: From the surgical table to the 

pathology laboratory

“cold ischemia time”

Interval 2: From the surgical table to the 

pathology laboratory

“cold ischemia time”

Alternatives : 

a) Tissues left fresh

Alternatives : 

a) Tissues left fresh
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“Cold ischemia time interval”“Cold ischemia time interval”

Alternative :  a) Tissues left fresh
Temperature : Room Temperature (about 20 °C)
In some realities, tissues (free in a vessel or in a 
bag) are transferred to the grossing room.

•Time interval : relatively short (it depends)
•Time before grossing: variable from a few minutes 
up to several hours. Optimal: 30 minutes 
•Up to 4 hours according to Grizzle et al. 2001. [3]

Alternative :  a) Tissues left fresh
Temperature : Room Temperature (about 20 °C)
In some realities, tissues (free in a vessel or in a 
bag) are transferred to the grossing room.

•Time interval : relatively short (it depends)
•Time before grossing: variable from a few minutes 
up to several hours. Optimal: 30 minutes 
•Up to 4 hours according to Grizzle et al. 2001. [3]

How cold is cold ischemia?How cold is cold ischemia?
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Alternative:  a) Tissues left fresh

Merits :
- No Fixation 
(material available for banking)

Alternative:  a) Tissues left fresh

Merits :
- No Fixation 
(material available for banking)

“Cold ischemia time interval”“Cold ischemia time interval”
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Alternative:  a) Tissues left fresh

Drawbacks :
- Drying of tissues 
(Even of tissues left in refrigerator)

- Loss of antigens and RNA related to the 
time spent at room temperature before 
grossing

Alternative:  a) Tissues left fresh

Drawbacks :
- Drying of tissues 
(Even of tissues left in refrigerator)

- Loss of antigens and RNA related to the 
time spent at room temperature before 
grossing

“Cold ischemia time interval”“Cold ischemia time interval”

ASCOP / CAP Guidelines

for Breast Cancer Fixation

ASCOP / CAP Guidelines

for Breast Cancer Fixation

1) Reduce time of “tissue 

ischemia” before grossing -

fixation to < 1 h

2) Fixation time 12 – 48 h

1) Reduce time of “tissue 

ischemia” before grossing -

fixation to < 1 h

2) Fixation time 12 – 48 h
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“Cold ischemia time interval”

From the surgical table to the pathology lab 

“Cold ischemia time interval”

From the surgical table to the pathology lab 

Alternatives : 

a) Tissues left fresh
b) Tissues immersed in formalin

Alternatives : 

a) Tissues left fresh
b) Tissues immersed in formalin
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Molinette 

Hospital

year 2005

Molinette 

Hospital

year 2005

“Cold ischemia time interval”

From the surgical table to the pathology 

lab

“Cold ischemia time interval”

From the surgical table to the pathology 

labAlternative : b) Tissues immersed in formalin
Temperature : Room Temperature (generally)
• Time interval : from a few minutes up to days.

Formalin : penetration is fast  initially (1mm/h), then 
much slower (1cm/24h).
This is followed by fixation (slow);
subtotal binding plateau at 24 h. 

Fixation time at least 6-8h in 3mm thick specimens.

Alternative : b) Tissues immersed in formalin
Temperature : Room Temperature (generally)
• Time interval : from a few minutes up to days.

Formalin : penetration is fast  initially (1mm/h), then 
much slower (1cm/24h).
This is followed by fixation (slow);
subtotal binding plateau at 24 h. 

Fixation time at least 6-8h in 3mm thick specimens.
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Alternative : b) Tissues immersed in formalin

Merits :
• In small blocks it rapidly affects:
structure,  antigens and nucleic acids 
(preservation /de-naturation)

Alternative : b) Tissues immersed in formalin

Merits :
• In small blocks it rapidly affects:
structure,  antigens and nucleic acids 
(preservation /de-naturation)

“Cold ischemia time interval”

From the surgical table to the pathology lab

“Cold ischemia time interval”

From the surgical table to the pathology lab

Tissues immersed in 

Phosphate – buffered Formalin

Uniform 

fixation

Tissues immersed in 

Phosphate – buffered Formalin

Uniform 

fixation

Large specimen ( > 2 cm)

• Outside = Fixed

• Inside = Autolysis

Large specimen ( > 2 cm)

• Outside = Fixed

• Inside = Autolysis

Small Biopsies <1 

cm. =

Small Biopsies <1 

cm. =
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Alternative : b) Tissues immersed in formalin
Drawbacks (in large specimens):
• Degradation continues in deep areas 
• Tissue banking is hampered 
• Formalin containing vessels heavy to carry
• Spilling of formalin may occur 
• Fumes dispersed while grossing 
• Nurses refuse to handle this “carcinogen” in 

surgical theatre (and without hoods)
• Tissue forgotten by the surgeon because     

“already safe in formalin”

From the surgical table to the pathology labFrom the surgical table to the pathology lab

Jan. 2006:

Surgeons start to operate 

on

Friday afternoon.

Jan. 2006:

Surgeons start to operate 

on

Friday afternoon.
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Breast Cancer .   Operated on Friday; Immersed in Formalin; Arrived on Monday.

Jan. 2006

Breast Cancer .   Operated on Friday; Immersed in Formalin; Arrived on Monday.

Jan. 2006
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Breast Cancer .   Operated on Friday; Immersed in Formalin; Arrived on Monday.

Jan. 2006

Alternatives : 

a) Tissues left fresh
b) Tissues immersed in formalin
c)  Under Vacuum Sealing and Cooling (UVSC)

Alternatives : 

a) Tissues left fresh
b) Tissues immersed in formalin
c)  Under Vacuum Sealing and Cooling (UVSC)

“Cold ischemia time interval”

From the surgical table to the pathology lab

“Cold ischemia time interval”

From the surgical table to the pathology lab
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Molinette Hospital

year 2010

Molinette Hospital

year 2010

Project: “….Towards a Formalin-free Hospital”

“Molinette” Hospital, Turin

Project: “….Towards a Formalin-free Hospital”

“Molinette” Hospital, Turin

• 1162 Beds; >54.000 yearly admissions; > 40.000 

histopathological exams. (2008)

• 1162 Beds; >54.000 yearly admissions; > 40.000 

histopathological exams. (2008)

75% “Small”= < 2 cm Ø Formalin
(pre-filled vials)

75% “Small”= < 2 cm Ø Formalin
(pre-filled vials)

25% “Large” surgical specimens U.V. bags25% “Large” surgical specimens U.V. bags

BiopsiesBiopsies
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Staff satisfation
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Gross anatomic preservation

1= weak
2= satisfactory
3= good

Result of Survey among Staff Operators
(October 2008 – April 2009)

� Satisfaction:

� Handling & Gross Anatomy

Histopathol. + ICC - U.V. =  no drawbacks 

Project: F-f 

Hospital

- Low for Formalin

- High for U.V.
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ICC evaluation of therapeutic/prognostic paremeters in  a 
continuos series of breast cancers
Years 6/05-6/07 vs. 7/07-7/09. N=375

0,00%

10,00%

20,00%

30,00%

40,00%

50,00%

60,00%

70,00%

80,00%

90,00%

ER+ PgR+ HER2+ Ki67<24%

 6/05-6/07
7/07-7/09
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Alternative c) Tissues preserved under vacuum
Merits :
• No more formalin in surgical theatre (except for s mall 

specimens, where pre-filled tubes are employed)
• No spilling
• No fumes
• No drying of tissues
• Colours preserved 
• Lack of insulating air around tissues allows fast cooling
• Tissues (bags) light and easy to carry
• Structure (RNA, Antigens) preserved up to days
• Banking (selective) allowed
• Demonstrating of operated tissues is convincing fo r 

students and surgeons
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Surgery

Surgical Specimen >2cm.

Under-vacuum
(Tissue Safe)

Kept at 4 °°°°C
till transfer

Grossing

P.B. Formalin

Embedding

Surgery

Surgical Specimen >2cm.

Under-vacuum
(Tissue Safe)

Kept at 4 °°°°C
till transfer

Grossing

P.B. Formalin

Embedding

Tissue Gene Expr.
Banking Profiling
(-80°°°°C)

Tissue Gene Expr.
Banking Profiling
(-80°°°°C)

(1-72h)(1-72h)

(12-24h)(12-24h)

Surgical

Theatre

Surgical

Theatre

Pathol.

Labs.

Pathol.

Labs.

Formaldehyde values in Grossing Room

0
0,05
0,1

0,15
0,2

0,25
0,3

0,35

0,3 0,170 0,200 0,333 0,038 0,001

0 15/01/02 31/07/02 18/10/05 15/12/06 10/03/09

date

p
p

m

Threshold Limit Value (TLV)
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When (where) is Formalin used?

1) TRANSFER of surgical specimens

to Pathology labs.

2) FIXATION of biopsies

Ratio Formalin:tissue = 20:1

2) PRESERVATION of residual tissues.

When (where) is Formalin used?

1) TRANSFER of surgical specimens

to Pathology labs.

2) FIXATION of biopsies

Ratio Formalin:tissue = 20:1

2) PRESERVATION of residual tissues.

Will PAXgene substitute formalin? A morphological and 

molecular comparative study using a new fixative system

Belloni B. et al, jcp.bmj.com on April 1, 2013

Will PAXgene substitute formalin? A morphological and 

molecular comparative study using a new fixative system

Belloni B. et al, jcp.bmj.com on April 1, 2013

…. PAXPE fixation offers some advantages

concerning molecular analysis. However, 

these advantages would not justify

substituting formalin fixation in any routine 

pathology laboratory.

…. PAXPE fixation offers some advantages

concerning molecular analysis. However, 

these advantages would not justify

substituting formalin fixation in any routine 

pathology laboratory.
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When (where) is Formalin used?

1) TRANSFER of surgical specimens

to Pathology labs.

2) FIXATION of biopsies

2) PRESERVATION of residual tissues.

Ratio Formalin:Tissue = 2:1

When (where) is Formalin used?

1) TRANSFER of surgical specimens

to Pathology labs.

2) FIXATION of biopsies

2) PRESERVATION of residual tissues.

Ratio Formalin:Tissue = 2:1

The preset amount of formalin has been added, the bag is vacuum-sealed
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The specimen is ready for storage

Answers:

- Is a Formalin-free Hospital feasible?

- YES (almost)

- Is a Formalin-free Pathology feasible?

NO 

(but use can/must be reduced)

Answers:

- Is a Formalin-free Hospital feasible?

- YES (almost)

- Is a Formalin-free Pathology feasible?

NO 

(but use can/must be reduced)
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AJSP-D-07-00718    “Tissue transfer to Pathology labs : 

under-vacuum is the safe alternative to Formalin”

AJSP-D-07-00718    “Tissue transfer to Pathology labs:  

under-vacuum is the safe alternative to Formalin”

Reviewer N. 1. No question that formalin is a serious

health hazard and that we as Pathologists need to pay

attention to potential economics of its use. This article proposes

one possible solution. The concept of vacuum storage

supplanting formalin is intriguing. However ………

Reviewer N. 1. No question that formalin is a serious

health hazard and that we as Pathologists need to pay

attention to potential economics of its use. This article proposes

one possible solution. The concept of vacuum storage

supplanting formalin is intriguing. However ………

The CEP 17 
amplification

A. Sapino, Turin, Italy
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HER2 oncogene and target for

therapy

� HER2 overexpression: 15-18% of breast
cancer

� HER2 overexpression correlates with gene 
amplification

� Both correlate with response to Herceptin
therapy

� HER2 gene activating mutations
indipendent from HER2 amplification have
been recently described

HER2 AND CEP17

ASCO guidelines 2007

HER2 AND CEP17

Negative PositiveEquivocal
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ASCO guidelines 2007

HER2 AND CEP17

Negative

<4 HER2 copies/nucleus

HER2/CEP17 <1.8

Positive

>6 HER2 copies/nucleus

HER2/CEP17 >2,2

Equivocal

4-6 HER2 copies/nucleus

HER2/CEP17 1.8-2,2

Not amplified

polysomic?

Amplified?

CEP17HER212/10; R=1.09

11/8 R=1.375

Ratio or gene??????

HER2 AND CEP17
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Something else?

HER2 AND CEP17

HER2 AND CEP17
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HER2 AND CEP17

Coamplification of chromosome 17 centromere approximately 

4 (0.47%) of 858 cases.

Is the ratio always precise in defining
HER2 status?

HER2 AND CEP17

Polysomy?
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POLYSOMY: a matter of debate

“There is no accepted definition of what constitutes polysomy and 
authors have used different criteria to define it.

ASCO guidelines 2007

Wolff AC et al, J Clin Oncol. 2007;25:118-45 

HER2 AND CEP17

Polysomy

Πολυσ + σωµα

The whole body 

of something

Several

HER2 AND CEP17
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SKBR3: 89 chromosomes

HER2 AND CEP17

FISH EGFR(7p12)/CEP7

Chrom 7 Polysomy

HER2 AND CEP17
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SKBR3: 89 chromosomes

HER2 AND CEP17

Chromosome 17 in breast  cancer

Moelans CB et al, Lancet Oncol. 2011 Nov;12(12):1087-9. Epub 2011 Sep 6.

HER2 AND CEP17
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Alternative methods to study HER2 amplification

HER2 AND CEP17

- 6 HER2 Amp

- 4 HER2 Not Amp

Chr17 DISOMIC casesChr17 POLYSOMIC cases

- 6 HER2 Amp

- 12 HER2 Not Amp

N = 18 N = 10

Microarray-CGH

Dual-colour HER2/CEP17 FISH
POLYSOMY: > 3 copies of CEP17

The CEP 17 amplification
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Microarray-CGH

LOSS

GAIN

Smoothed log2 ratio

−0.12

+0.12
+0.45

AMPLIFICATION

HER2 AND CEP17

HER2/CEP17

Chromosome 17 plotCase K10; score IHC HER2: 2+

FISH

HER2
mean copy 

number

CEP17
mean copy 

number

HER2/CEP17
ratio

Amplified
8.50

Polysomic
6.03

Not Amplified
1.41

Her2cep17

HER2 AND CEP17
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Case K22: amplified polysomic Chromosome 17 plot

HER2 AND CEP17

FISH DEFINED POLYSOMIC CASES FISH DEFINED DISOMIC CASES

AMPLIFICATION

GAIN

NO CHANGE

LOSS

Polysomy
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J Clin Oncol 29. 2011

�Chr17 polysomy cannot be accurately defined with CEP17 

probes

� True Chr17 polysomy is not the common denominator of 

increased numbers of CEP17

�Abnormal CEP17 copy numbers may stem from high-level 

gains/amplification of CEP17

� Correction with CEP17 probes may provide misleading HER2 

gene status assessment results in some cases (CEP17high-level 

gains/amplification )

J Pathol 2009

HER2 AND CEP17
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Moelans CB et al, Lancet Oncol. 2011 Nov;12(12):1087-9. Epub 2011 Sep 6.

HER2 AND CEP17

Conclusions
HER2 AND CEP17
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HER2 / Chr17HER2 / Chr17

HER2 diagnosis, a modern 
Odyssey?Elisabeth Coene & Rudy Hovelinck

HER2 diagnosis, a modern Odyssey?
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PATHOLOGY 
LABORATORY 
WORKFLOW

HER2 DIAGNOSIS:
THE QUALITY OF HER2 TESTING

HER2 Testing =

“Identifying the right patients

for the right treatment”

“Correctly diagnosing the HER2 status saves lives.”

HER2 DIAGNOSIS:
THE QUALITY OF HER2 TESTING
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ROCHE HAS A LONG 
SUPPORT TRADITION

IN HER2 TESTING QUALITY * Sponsoring of External Quality 
Assurance

* Targos Training (theoretical and 
hands-on training in regional 
centers)

* Educational Sessions & Satellite 
Symposia

* Retrospective study : Retesting of 
IHC 0/1+ by ISH1

The expert service provides in-
lab support 

in line with your specific needs

The expert service provides in-
lab support 

in line with your specific needs

1: Larsimont et al : Results of a Belgian multicenter retrospective study to determine the incidence of HER2 gene amplification in patients 
scored as immunohistochemistry 0 or 1+; ASCO Annual Meeting, Chicago, USA; June 3–7, 2011, poster 549

HER2 DIAGNOSIS:
THE QUALITY OF HER2 TESTING

HER2 Testing Service:

a 4-step approach
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1
• Obtain a clear view on all steps and parameters of the 

HER2 testing process.  

• Detect possible issues 

PATHOLOGY 
WORKFLOW

HER2-testing 
variation

Post-analytic Pre-analytic

Analytic

2

• Delivery of individualised report with suggestions for 
improvement                 (if applicable) to lead 
pathologist.

• Discussion

PRE-ANALYTIC PHASE

* Pre-fixation

* Fixation

* Tissue Processing

ANALYTIC PHASE

* Embedding

* Sectioning

* Slide/section 
preparation

* Staining

POST-ANALYTIC PHASE

* Scoring

* Interpretation

* Reporting

QUALITY MANAGEMENT

RECOMMENDATIONS

Report Report 
templatetemplate
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3 HER2 Expert will support the implementation of the agreed 
actions.

Multi Tissue Block control for HER2

0  2+ 3+

4 Ensure that implemented actions generate the desired 
HER2 Testing improvement.

V

A

L

I

D

A

T

I

O

N
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10% Neutral Buffered Formalin = 4% Neutral Buffered Formaldehyde

Pre-analytic Phase
Fixation: 

Type of fixative

Example 1

Analytic Phase
Staining

Baking temperature

60°C - Overnight

Lab protocol Adjusted protocol

RT - Overnight

3+ 3+

Example 2
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HER2 IHC staining percentages

F
re

qu
en

cy
 

(%
)

HER2 
status

THE QUALITY OF HER2 
TESTING:
EVOLUTION
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HER2 / Chr17HER2 / Chr17

• Satellite Symposium: IMPAKT 2nd 
May 2013

• Targos HER2 training: 1st 
week of July 2013

• Nordiqc Run B16: 12th August 
2013

• New website: 
www.HER2testing.be

�������� HER2 testing service: 
elisabeth.coene@roche.com

Save the date! 
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Analogies to Radiology

• Both disciplines undergoing 
transition from analog to digital 
based information systems, 
including digital image 
management 

• Pathology and radiology both 
provide crucial phenotypic 
evidence required for patient 
management that is often 
complementary

• Narrative reports based on 
analysis and interpretation of 
image data 

• Opportunity to learn from and 
avoid errors made in Radiology 

Convergence is essential

• Fully digital process/workflow 
steering – Paperless

• Link to lab data results 
(biomarkers, gene sequences,..)

• Integration of image data in 
patient report

• Integrated documentation of 
quality deviations

• Single point of entry to access 
data via LIS

• Critical success factor is IT 
integration
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Ventana Patient focused Solution 
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AP Lab Workflow, Quality Management, Automation
Full AP-lab automation available today

Grossing VANTAGE

Embedding VANTAGE

Microtome VANTAGE

Case Assembly VANTAGE

Digital Pathology

BenchMark
Special Stains

H&E Stain SYMPHONY

IHC/ISH BenchMark ULTRA

IHC/ISH BenchMark XT

Carrefour Pathologie 2010 v3

Roche Digital Pathology 
Fits with our Patient Focused Solution

Digital 
Pathology 

“Cell”

Scanners for digitizing slides

� High speed image acquisition

Image Management
• Case assembly, sorting and routing
• Telepathology

• QC, archival & retrieval

Case Review and Image Analysis
• Image viewing and annotation
• Image analysis for Ventana assays
• Patient report with lab information

Workflow Management
• Integration with Vantage and LIS

• Positive specimen control, data mining 
for rework cases, uploading data into 
LIS
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5 min

iScan HT

High-throughput 
brightfield labs

iScan Coreo

Low to Medium-
throughput brightfield

labs

Optics

Time to View 20x (15x15 mm)

Time to View 40x (15x15 mm)

Loader size

Workflow

20x, 
40x

40 
sec

2 min

160 
slides

4x, 
10x, 
20x, 
40x

Ventana Scanner family tailored to Customer 
needs

50 
sec
360 

slides
Batch Continuous 

access

Virtuoso - Web based software application that 
allows users to view, manage, manipulate, 
analyze, report and collaborate 
• Case Management

• Image Viewing

• Image Analysis

• Telepathology (peer review, 

remote consultations)

• Real-time Collaboration

• Customised Reporting

• Vantage middleware 
connectivity

• LIS Connectivity
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HER2 Digital Algorithms 

• FDA Approved with clone 4B5 

• Within user selected area, 
algorithm distinguishes between 
epithelial and non-epithelial areas

• Algorithm determines complete, 
partial or non stained membrane

• Algorithm reports out score of 0, 
1+, 2+ or 3+

• Under development

• Within user selected area, 
algorithm identifies nucleus

• Algorithm determines chr17 and 
HER2 signal

• Algorithm reports out ratio and 
gene count

4B5 stained breast cancer 
tissue. Analysis results: 2+ Ability to 

review each 
Slide 

HER2 IHC algorithm HER2 SISH algorithm

Convergence is essential

• Fully digital process/workflow 
steering – Paperless

• Link to lab data results 
(biomarkers, gene sequences,..)

• Integration of image data in 
patient report

• Integrated documentation of 
quality deviations

• Single point of entry to access 
data via LIS

• Critical success factor is IT 
integration
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Doing now what patients need 
next

Francesco Feoli MD

Institut Bordet, Brussels.

The Second TASTE Workshop

Pathology of the Breast:
Possible Artefacts

Benefits of Standardization

Breast Cytopathology using LBC samples
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1949 - 1986

Breast FNA Cytology.

Studies Before Modern 
Population Screening  Programs
Reported Satisfctory Accuracy

Compared to Biopsy
FNA of The Breast,

Generated Too Many
Unsatisfactory Samples and

Ncertain (C3 & C4 Diagnoses)
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Core Biopsy Is More Accurate.

Complete Sensitivity 98.5 vs 95.1
Absolute Sensitivity 96.7 vs 83.1
Specificity 98.7 vs 84.0
Inadequate Rate 0.05 vs 12.8 

Specific Identification

Benign Lesions

In situ vs Invasive
Type, Grade, HR and Predictive Factors

More Expensive (1 Needle: 25 Euros at Least).
More Traumatic. Local Anesthesia.

Delayed Results

Areas Of Gray (Inconclusive Dx)
False Positives  up to  0.4-1.

False Negatives up to  4.9-13.7. 

(Britton PD Review 1999)

FNA

Rapid Diagnosis.

Multiple Lesions, Very Small Lesions. 

Axilla

Periclavicular, Very Close To The Chest Wall, Under The   Skin.

54472 Women

Screening: Benign Abnormalities More Frequent.

1286 Abnormalities. 

1263 (98,2%) FNA

510 (39,6%) Open Biopsies.

Benign vs. Malignant Biopsy Ratio 0.2

2008

Recently the role of breast cytopathology
has been strongly supported

by the results of multidisciplinary groups
working in a real time integrated manner.



D7.6   2nd  TASTE Workshop Proceedings                          519108- LLP-2011-IT-KA3-KA3MP

Second TASTE Workshop, 20th April  2013 87

Robust Diagnostic Criteria.

Experience.

Systematic Internal Review.

Patient Selection.

Alcohol Fixed Material. 

Fine Needle Aspiration Cytology of the Breast:
Feoli F. et al. Acta Cytol 2008 ; 52:145-151.

292 Conventional FNA With Paired Biopsies
Were Blindly Reviewed 4 Years Later

(2.183 FNA) 

199 Institutions
96% USA
Canada Australia  
Belgium

Variety of Reporting Styles, 

Diversity Of Classification Schemes

Differences In Follow-up/Management…

Ozkara SK Acta Cytol 2002;46:513-518.



D7.6   2nd  TASTE Workshop Proceedings                          519108- LLP-2011-IT-KA3-KA3MP

Second TASTE Workshop, 20th April  2013 88

NCI Bethesda, 1996:NCI Bethesda, 1996:

C2:    Abscess, Mastitis, FA
Fat necrosis, PBD, Etc.

C3:    Non Diagnostic.

-PBD/A vs LG DCIS
-Papillary Lesions
-FA vs Phyllodes

Refer to Triple Test

C4:    Highly Suggestive
of  Malignancy

Tissue Biopsy 

UK NHSBSP Guidelines, 1992:UK NHSBSP Guidelines, 1992:

C3: Like Benign Aspirates

Possible Hypercellularity.                    
Some Loss of Cohesiveness.
Nuclear Pleomorphism.

ADH, ALH, LG -DCIS, LC, 
TUB. Ca, FA, Radiotherapy, 
Spreading Artifacts, Lactation.

C4: A)  Few Malignant Cells.

Suboptimal Smear  or
Overall Benign Pattern.

B) Sample with Atypia  > C3. 

Triple Test For All Cases.

Criteria for Reporting  Fine Needle Aspiration on Criteria for Reporting  Fine Needle Aspiration on 
Palpable and Nonpalpable Masses of the Breast.Palpable and Nonpalpable Masses of the Breast.

Editorial. Acta Cytol 1997; 41: 623Editorial. Acta Cytol 1997; 41: 623--627627

C3:  PBD Without Atypia.

Moderate Hypercellularity & Crowding.

Slight Nuclear Variability

C4:  Atypical Duct Hyperplasia.

Cribriform Structures. 

Hyperchromatism, Monotony,

N/C Ratio

Discohesion, 

Rare Myoepithelial Cells.

Similar Microscopic Criteria
Different Importance Given to the Same Criterion.

Frost AR Cancer Cytopathol 1997; 81:22-8
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Four Features

Reporting Categories:

C1  Inadequate:  n.d.

C2 Benign: PPV 13.8%

C3 Atypia, Probably Benign: PPV 35% 

C4 Suspicious: PPV 93%

C5 Malignant: PPV 100%

Fine Needle Aspiration of the Breast
A Probabilistic Approach to Diagnosis of Carcinoma
Wang H.H. Acta Cytol 1998; 42:285-289.

Editors
N. Perry
M. Broeders
C. de Wolf
S. Törnberg
R. Holland
L. von Karsa

European guidelines for quality assurance in breast 
cancer screening and diagnosis F o u r t h  E d i t i o n

2006
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Alcohol Fixed Material & Papanicolau Staining:
Improves Accuracy

Reduces Uncertain Diagnoses 

14.04%

91.70%

19.85%

0.00%

1.84%

100.00%

67.74%

56.00%

14.04%

+13.00%

+7.6%

They try FNAC for alterations that are not alarming (Chuo CB.2003).

Some of  these alterations may be vague by palpation, 

may express uncertain images by ultrasonography 

and be merely composed of fat (Berner A. 2003)

Fine Needle Aspiration Cytology of the Breast:
F. Feoli, M.D., et al. Acta Cytol 2008 ; 52:145-151.

292 Conventional FNA With Paired Biopsies. 4 Years Later . 
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Retrospective Revue of 190 LBC Cases With Paired Biopsies. No Clinical Information.
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CO707028
Age 45. L Eq Ext.
R/o Hematoma, Fa, Fcd.

Fibroadenoma:Fibroadenoma:

High Cellularity.High Cellularity.

Stag Horn ClustersStag Horn Clusters

Bipolar Nacked Nuclei.Bipolar Nacked Nuclei.

Stromal Fragments.Stromal Fragments.

Apocrine & Foam Cells +/Apocrine & Foam Cells +/--..

Risk of False Positive.Risk of False Positive.LBC
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Fibroepithelial Lesions
Papillary Lesions
Mucinous Lesions

Low grade Cancers

Cytology Clarified

BIRADS 3 and 4 
Uncertain Categorizations.

75% and  87% 

Absolute Sensitivity     91%
Complete Sensitivity  100%
Specificity                     69% 
FP & FN Results.            0%

C1-C5: K value 0.78 (95% CI=0.67-0.89)

Combining C3-C4K value 0.94 (95% CI=0.81-1.00)

Prospective Validation. 
Modified Criteria. Clinical Information.
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Future Work  BIRADS 3.

29% Non Compliance with 
Short-Interval Follow-up 

.
Mammographic Short-Interval Follow-up can be used safely…

…but thorough Imaging Evaluation is needed.  

47.599 Patients

Same Day 

Screen-Film 
& 

Digital Mammography

Future Work  BIRADS 4.

A Wide Range of PPV. 2%-95% Cancers at Follow up  (Univ. of Leiden 2006).

Inter-observer Variation

The Dutch Breast Cancer Screening Programme
Timmers JMH Eur Radiol (2012) 22:1717-1722
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Cytology and Biopsy May 
Be Complementary.

Surgical Biopsy Upstaged
to DCIS or to Invasive Cancer 

36.2% of  the B3 Categorizations

Grazie
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Prof. Fernando SchmittProf. Fernando Schmitt

Medical Faculty of Porto University, Porto, PortugalMedical Faculty of Porto University, Porto, Portugal

IPATIMUPIPATIMUP

GeneralGeneral--Secretary of the International Academy of CytologySecretary of the International Academy of Cytology

MOLECULAR CYTOPATHOLOGY

MAIN APPLICATIONS AND TECHNICAL ISSUES

CYTOLOGY

Ancillary Studies

• SPECIAL STAINING.

• IMMUNOHISTOCHEMISTRY.

• FLOW CYTOMETRY.

• MOLECULAR TECHNIQUES.
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Ancillary Studies in Cytology

Challenges

• To select the correct test for a limited sample 

quantity.

• Avoid jumping from a histological adapted 

technique directly to cytological material.

• Use appropriate controls for cytological material.

ANCILLARY TESTING

TECHNICAL  A
SPECTS

• Cytology specimens

• Fixation

• Controls

• Procedures

Techniques

Morphology

DNA extraction

Mutation detection
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Ancillary Studies in Cytology

TARGET PRE-ANALYTICAL 

ISSUES

FIXATION TECHNIQUES APPLICATION

DNA Very stable

Any kind, 

including air-

dried

PCR, ISH, 

Sequencing

Detection of 

mutations, 

translocations..

RNA Very unstable

Dedicate 

sampling for 

adequate 

preservative

Microarrays,RT-

PCR

Gene expression 

profiling

PROTEIN Variable

Alcohol-fixed, 

formalin-

fixed,LBC 

preservatives

IHC, Flow 

cytometry

Expression of 

proteins 

(markers)
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Sample types
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Molecular cytopathology (MCP) can be defined as molecular studies applied on all 

types of cytological specimens, namely gynecology cytology, exfoliative non-gyn

cytology and fine needle aspirates.

MOLECULAR TECHNIQUES 

live work  morph        sensitivity

cells load control

• Cytogen. + +++ +/- +/-

• PCR/RT-PCR - + + +++

• Microarrays - ++ + +++

• ISH - ++ +++      ++

• Sequencing - ++ +  ++++
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MOLECULAR TESTING MUST TAKE INTO 

ACCOUNT THE SENSITIVITY OF THE ASSAY  

These results indicate that molecular testing of thyroid nodules for RET/PTC 

induce false positive diagnoses when the highly sensitive assay Southern-blot 

on RT-PCR is used. Its searching by means of RT-PCR only, has a specificity 

superior of conventional cytology and can be used to refine inconclusive 

FNAC.

Guerra A et al. Endocrine Journal 2011

Molecular genetics lab

MUTATION STATUS TESTING WORKFLOW

Diagnosis

of

mNSCLC

Sample

Selection

Mutation

Screening

Molecular

report

Oncologist

Pathologist

Registration

Morphology

Control

DNA

Extraction

DNA

Analysis

Molecular

Pathology

report
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In this case no mutations were found in exons

18, 19, 20 and 21 of the EGFR

Presence of less than 20% of tumor cells in the 

sample
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In this case, was found the mutation c.2573T> G in 

exon 21 of the EGFR gene leading to an amino acid 

substitution at position 858 of the protein 

(p.Leu858Arg). This mutation has been previously 

described in patients with metastatic non-small cell 

lung cancer, and it was found that these patients tend 

to respond positively to treatment with EGFR 

inhibitors. There were no mutations in exons 18, 19 or 

20 of EGFR

Presence of more than 20% of tumor cells in the 

sample
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Mutation frequency and morphological 

control

Mut Wild-type Total

Without control 463 (38%) 763 (62%) 1226

With control 309 (43%) 408 (57%) 717

P<0.05

Mutation frequency and 

tumour cell content

Mut Wild-type Total

<20% tumour cells 7 (26%) 20 (74%) 27 (4%)

>20% tumour cells 296 (44%) 378 (56%) 674 (96%)

P<0.05
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% of tumour cells and mutation 

detection sensitivity

100% 50% 25% 10%

Method sensitivity set at 20% of tumoral cells

Normal – G, black

Mutation – A, green

Molecular genetics lab

Diagnosis

of

mNSCLC

Sample

Selection

Mutation

Screening

Molecular

report

Oncologist

Pathologist

Registration

Morphology

Control

DNA

Extraction

DNA

Analysis

Molecular

Pathology

report

MUTATION STATUS TESTING WORKFLOW
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1. Slide Selection and Assessment

. Testing can be performed regardless of the stain used

. For cases with a high tumor content (>20%) the marking of areas of tumors is unnecessary. 

(1 cell = 6 pg DNA) 

Enrichment by macrodissection if 

necessary.

2. Removing the Coverslip

. 48-72hs in xylene or substitute

3. Collecting the Tissue

. Once the coverslip is removed, the slide is re-soaked in xylene to remove residual  mounting medium. 

No destaining step and no rehydration .

. Cellular material is collected by scrapping the entire slide with a flat single blade and  collecting all the 

material into a small clump on a distal corner of the slide.

. With a pipette tip push the clump of tissue into the Eppendorf tube.

4. Tissue Lysis and DNA Extraction

. Lysis with 200 µl of ATL buffer and 20-40µl of proteinase K

. The mixture is vortexed gently and incubated at 56 ºC

. Lysates are purified according Qiagen Dneasy protocol

. Evaluate DNA quantity and quality used a Nanodrop spectrophotometer

. Average DNA yield from a single stained cytologic slide 7ng/µl.
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OUR experience

• > 3000 cases analyzed

• Mutation analysis success rate > 95%

• In LBC and cell-blocks higher success rates

• DNA quality/purity highly limitant

Molecular genetics lab

Diagnosis

of

mNSCLC

Sample

Selection

Mutation

Screening

Molecular

report

Oncologist

Pathologist

Registration

Morphology

Control

DNA

Extraction

DNA

Analysis

Molecular

Pathology

report

MUTATION STATUS TESTING WORKFLOW
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Methods for mutation screening

. Allele-specific PCR

. HRM

. ARMS PCR

. Others...

. Fragment analysis

. SSCP

. Sanger Sequencing

. Others...

More demanding in DNA quantity 

and quality

More sensitive

Less demanding in DNA quantity 

and quality

Less sensitive
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DNA

Overview of all 

genomic variation

Ion Torrent

FNA

gDNA

10ng of gDNA

739 known mutation in 
46 oncogenes and 
tumor suppressor 
genes

Massive parallel sequencing workflow

Ultra-high

Multiplex PCR
Phosphorilation Adapter ligation

Nick-translation 

and amplification

Construct library

3.5 h

Prepare template

4 h

Run sequence

3 h

Analyze data

2 h

ABL1 EGFR HRAS NOTCH1 SMARCB1

AKT1 ERBB2 IDH1 NPM1 SMO

ALK ERBB4 JAK2 NRAS SRC

APC FBXW7 JAK3 PDGFRA STK11

ATM FGFR1 KDR PIK3CA TP53

BRAF FGFR2 KIT PTEN VHL

CDH1 FGFR3 KRAS PTPN11

CDKN2A FLT3 MET RB1

CSF1R GNAS MLH1 RET

CTNNB1 HNF1A MPL SMAD4
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What should be tested?

Do we recommend parallel or sequential testing for multiple markers?

Test for KRAS 

Mutation (15-30% of 

Tumours)*

Test for EGFR 

Mutation 

(10% of Tumours)

Test for 

EML4-ALK 

Translocation 

Test for Rarer 

Mutations? (BRAF,

MEK1, AKT1, PIK3CA)

No Further 

Testing

No Further 

Testing

No Further 

Testing

+
+

+

–

–

–

Horn, L. et al. JCO 2009

A major clinical challenge is prospectively determining the status of

multiple clinically relevant genes in tumor DNA before starting therapy.

Multi-test single assay!

• Collect good and well-preserved material.

• Validate in large scale molecular studies on 

cytological material.

• Control the cases morphologically.

KEY POINTS TO USE MOLECULAR 

TECHNIQUES IN CYTOLOGY 

Schmitt FC. Cytopathology 2011
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ANCILLARY TESTING

MAIN APPLICATIONS
• LUNG CYTOLOGY
• EFFUSIONS
• THYROID CYTOLOGY
• GI/PANCREAS CYTOLOGY
• LYMPH NODE CYTOLOGY
• SOFT TISSUE CYTOLOGY
• BREAST CYTOLOGY
• METASTASIS
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Why to sub-classify NSCLC in 

cytology/small biopsies?

• TKis are used as first line therapy in patients with advanced 

adenocarcinoma with EGFR mutations.

•Patients with adenocarcinoma or NSCLC-NOS are more responsive 

to pemetrexed than those with SQCC.

• Bevacizumab has been associated with life-threatening 

haemorrhage in patients with lung SQCC.

LUNG
CARCINOMA

Small cell 
morphology

Yes
P63

Positive

No

No

SqCC-small 
cell type

Chromogranin/
Synaptophysin/

CD56-
Positive

Yes SCLC

P63/CK5

TTF1/Napsin A
ADC

+++
-

SqCC - Or -/+
+++

EGFR
Positive

Yes

Tyrosine 
kinase

inhibitors
Yes

No
ALK

Positive
Crizotinib

Cancer Cancer Cancer Cancer CytopathologyCytopathologyCytopathologyCytopathology 2011201120112011
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PATHOLOGY CONSIDERATIONS FOR GOOD PRACTICE

•Small biopsy and cytology samples should be 

managed not only for diagnosis but also to 

maximize the amount of tissue available for 

molecular studies.

This minimalist IHC-based model of p40 and TTF1 on biopsy/cellblock samples was effective to 

correctly subtype most cases of lung cancer.
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Therapeutic Targets of NSCLC

Erlotinib/

Gefitinib

Crizotinib

Ramalingam S et al., CA Cancer J Clin 2011

Meyerson M. Nature 2007
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EGFR mutations in NSCL Cancer 

EGFR and ALK on Lung Cancer

Our data – 2012
Type of Material

• 60% - cell blocks

• 20% - liquid-media

• 10% - stained smears
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EGFR and ALK on Lung Cancer

Our data (2011-2012) 
EGFR mutation(n=928)

EGFR mutation HISTOLOGY CYTOLOGY TOTAL

Positive 153 27 180 (19%)

Negative 630 116 746 (80%)

Inconclusive 0 2 2 (1%)

TOTAL 783 145 928 (100%)

Molecular genetics lab

EGFR mutation status testing workflow

Diagnosis
of

mNSCLC

Sample
Selection

Mutation
Screening

Molecular
report

Oncologist

Pathologist

Registration
Morphology

Control
DNA

Extraction
DNA

Analysis
Molecular
Pathology

report

10 working days
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LUNG

CARCINOMA
Small cell 

morphology

Yes
P63

Positive

No

No

SqCC-small 

cell type

Chromogranin/

Synaptophysin/

CD56-

Positive

Yes SCLC

P63/CK5

TTF1/Napsin A
ADC

+++

-
SqCC

- Or -/+

+++

EGFR

Positive

Yes

Tyrosine 

kinase

inhibitors

Yes

No
ALK

Positive
Crizotinib

Cancer Cytopathology 2011

Mechanisms of EML4-ALK gene fusion

2p23-215‘ALK EML43‘

~ 12 Mb

Negative

5‘ALK EML43‘

Inversion (70%)

Gene fusion

Positive

(break-apart – inversion)5‘ALK EML4~ 12 Mb3‘

ALK EML43‘

Deletion (30%)

Gene Fusion

Savic S and Bubendorf L, Acta Cytol 2012; 56: 611-621
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Practical aspects of FISH testing for EML4-ALK

• At least 50 tumour cells should be counted for accurate results.

• FISH is considered  positive when at least one set of orange and green signals is > 

2 signal diameters apart or there is a single orange signal without a corresponding 

green signal in addition to fused (normal signals).

• A sample is considered negative for ALK rearrangement if there are <5 positive 

cells (<10%) and positive if there are >25 positive cells (>50%).

• A sample is considered equivocal if 10-50% of cells are positive. In this case a 2nd

reader should evaluate the slide and if the average of 2 readings contains at least 

15% of positive cells the case is considered positive.

Savic S and Bubendorf L, Acta Cytol 2012; 56: 611-621

EGFR and ALK on Lung Cancer

Our data – 2011-2012
FISH for ALK (n=143)

ALK HISTOLOGY CYTOLOGY TOTAL

Positive 6 2 8 (6%)

Negative 95 17 112 (78%)

Inconclusive 13* 10** 23 (16%)

TOTAL 114 29 143 (100%)

*    11% of total

** 34% of total
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N=18

N=18

N=4

N=1N=3
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• Cytology is the first approach to search 

neoplastic cells in effusions. However the 

cytological examination has limited 

sensitivity.

• The main causes are: presence of scarce 

neoplastic cells and the d.d. between 

neoplastic cells and reactive mesothelial

cells.

• Many innovative techniques have been 

used to improve the search of neoplastic

cells in effusions.

Effusion Cytology
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9p21 Deletion in malignant mesothelioma

Total                9p21 deletion

n hetero- homozIgous

Savic et al. 52 15%             58%  

Onofre et al. 33 36% 49%

Illei et al. 13 - 92%

Flores-Staino et al.        21 - 57%            

Specificity: 100% (0/116 benign effusion)

Utility of Multiprobe FISH in 

Bladder Cancer

•The UroVysion probe set was developed to detect the 
most clinically-relevant, recurring chromosome 
abnormalities in TCC 

•UroVysion looks at the ploidy status for chromosomes 3, 
7, 17 and the 9p21 locus

(p16 gene)(p16 gene)
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INDICATIONS FOR FISH ANALYSIS IN 

URINE CYTOLOGY

• Atypical urinary cytology

• Control after intravesical BCG treatment

• Upper urinary tract cytology

• Surveillance after transurethral resection

• Hematuria in patients with an increased risk of UC

Cytology FISH

Sensitivity 63.8 % 80.4 %

Specificity 86 % 85.3 %

Efficacy 73.5 % 82.5 %

M.M ALMEIDA, 2008

Detection of bladder carcinoma 

recurrence in urine cytology
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FISH ANALYSIS IN  URINE CYTOLOGY

FISH-negative result with 2 signals for 

each of the 4 probes in all cell nuclei

FISH-positive result with tumor cell nuclei showing 

increased copy number (polysomy) of the

chr3 (blue), 7 (red),but a normal copy number of 17 

(green). There is a loss (deletion) of 9p21 (gold, 0–1 

signals).

FISH showing polyploidy in a reactive umbrella cell

Cancer Cytopathology 2011
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THYROID CYTOLOGY

• There are two critical points in thyroid FNA:

�The rates of inadequate material

�Indeterminate cases in which cytology does 

not allow a definitive diagnosis of benignity 

or malignancy.

Thyroid FNA and ancillary techniques

Molecular cytogenetics and molecular genetics

BRAF, RET/PTC, RAS or  PAX-PPAR gama mutations

Immunocytochemistry

TPO antibody

Cyclin-dependent kinase inhibitor   

p27kip1

Dipeptidyl peptidase IV (CD 26)

Galectin-3

HBME-1

Cytokeratins

.......

Cytometry

DNA pattern

% S-phase cells
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RET/PTC

P53
P53

PAX8/PPAR

Ras

BRAF

Genomic alterations in follicular cell-derived 

carcinomas

• Most  frequent  genetic event in PTC (36-83%)

• BRAF mutation are not randomly distributed by PTC 

histotypes. Hotspot BRAF V600E clusters to PTC cases of 

papillary architecture.

• BRAF mutation is highly specific for malignancy in FNA 

aspirates, however the sensitivity is low mainly because BRAF 

mutation is less frequent in the FVPTC, one of the most 

problematic entity on FNA.

BRAF Mutations
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Nikiforov Y et al., 2011

Atypia of Undetermined Significance (AUS) (n=247)

Histology Malignant 

(n=35)

Histology Benign 

(n=212)

Sensitivity: 63%

Specificity: 99%

Mutation Positive

(n=25)
16 RAS,5 BRAF,1 PAX8/PPAR γ 3 RAS (FA)

Mutation Negative

(n=222) 13 (11PTCFV,2PTC) 209

Follicular Neoplasm (n=214)

Histology Malignant 

(n=58)

Histology Benign 

(n=156)

Sensitivity: 57%

Specificity: 97%

Mutation Positive

(n=38)
29 RAS,2 BRAF,2 PAX8/PPAR γ 5 RAS (FA)

Mutation Negative

(n=176) 25 (16PTCFV,3PTC,6FTC) 151

Suspicious for Malignant Cells (n=52)

Histology Malignant 

(n=28)

Histology Benign (n=24)

Sensitivity: 68%

Specificity: 96%

Mutation Positive

(n=20)
10 BRAF,7 RAS, 1 PAX8/PPAR γ

1RET

1 RAS (FA)

Mutation Negative

(n=32) 9 (7PTC,2PTCFV) 23

BRAFV600 mutation is associated with prognostic 

factors and poor clinical outcome in PTC

Kim et al., Cancer 2011
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• BRAF + predicted disease persistent/recurrence, so BRAF 

status can modify surgical approach.

• This mutational parameter can be used as a pre-operative

risk stratification for papillary carcinoma on FNA allowing a 

correct surgical approach without further instrumental

procedures.

• BRAF mutation has a role in the risk stratification of Papillary 

carcinoma, including papillary microcarcinoma.

Prognostic Role of BRAF Mutations on

Thyroid FNA

• Gene expression from mRNA on thyroid FNA washings

• The algorithm uses expression of 167 genes to classify 

the aspirates in benign or suspicious.

• There are 25 genes that initially filter our rare 

neoplasms (melanoma, RCC, Breast carcinoma, MTC, 

parathyroid, HCT).

• There are 142 genes in the main classifier. These genes 

are related with multiple cell functions.

Veracyte Affirma Gene Expression Classifier (GEC)
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AUS >> NPV 95%

FN/SFN >> NPV 94%

Probability of

malignancy

post-test: 5-6%

Similar for nodules

cytologically benign

on FNA

SM >> NPV 85%
Probability of

malignancy

post-test: 15%

Maybe useful in deciding

whether to perform hemi-

thyroidectomy or TT

Nodules cytologically benign 

> specificity of 70% 

(13/44 benign “suspicious on GEC”)

GEC should not be used in the

analysis of samples with benign

cytologic features.

Nodules with indeterminate cytologic features and benign findings in the GEC

Recommend watchful waiting in liue of diagnostic surgery.

Conclusions
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P

Massive parallel sequencing to assess the mutationa l landscape o f fine needle 
aspirate samples: a pilot study

José Luis Costa1, Renê Gerhard1, Esther Diana Rossi2, Luis Cirnes1, Ana Justino1, José Carlos Machado1,3, Fernando Schmitt1,3

1IPATIMUP – Institute of Molecular Pathology and Immunology of the University of Porto, Porto, Portugal 2Anatomic Pathology and Histology-Catholic University of Sacred Heart Rome, Italy 3Medical Faculty of the University of Porto, Porto, Portugal

Introduction

Results & Discussion

Conclusion
In this study we present a workflow that provides a simple 
genetic screening tool for FNA samples, in a fast and cost-
efficient manner.  This may provide a valuable tool for the 
management of cancer patients, that can be implemented in 
most molecular pathology laboratories.

Nowadays, massive parallel sequencing (MPS) is shaping 
research in the field of life sciences. This fast evolving 
technology is starting to move into the clinical diagnostic arena. 
The possibility of performing genomic studies in small amounts 
of material obtained, for example, by fine-needle aspiration 
(FNA), can minimize invasive procedures and allow the 
monitoring of cancer, including therapeutic response, with 
repeated testing. In this pilot study we aim to address the 
possibility of using this technology for assessing the mutational 
landscape of FNA samples. 

gD

NA

10ng of gDNA

739 known mutation 
in 46 oncogenes
and tumor 
suppressor genes

Ultra-high

Multiplex 

PCR

Partially 

digest 

primers

Adapter 

ligation
Amplification

Construct library

3.5 h

Prepare template

4 h

Run sequence

3 h

Analyze data

3 h

Methods
Genomic DNA was isolated from four FNA samples collected in 
ThinPrep PreserCyt Solution. A single tube multiplex PCR 
amplification designed to detect 739 mutations from 46 
oncogenes and tumor suppressor genes was performed using 
the Ion AmpliSeq Cancer Hotspot Panel assay. All amplicons
were sequenced using the Ion Torrent PGM sequencer (Fig. 1). 

Data from the PGM runs were processed using the Ion Torrent 
platform specific pipeline software Torrent Suite v3.2. The 
mutational landscape of the FNA samples was determined using 
the Torrent Suite Variant Caller plug-in v3.2.4 and the DNAStar
Lasergene software package v10 (DNAStar). 

Figure 1. Procedure for Ion Torrent sample sequencing.

Sample 1 Sample 2 Sample 3 Sample 4

Number of mapped reads 866979 869640 1012341 347287

Average base coverage 

depth
6590 6345 6784 1855

Uniformity of coverage 75% 78% 81% 80%

Coverage at 100x 97% 98% 99% 95%

Table 1. Sequencing runs statistics.

The FNA isolates were obtained from breast tumors (samples 1, 
2 and 4) and  a thyroid follicular tumor (sample 3) (Fig. 2). High 
quality genomic DNA was obtained from all samples. The 
multiplex PCR-based strategy resulted in the generation of 480 
amplicons. This strategy allows multiplexing three samples in a 
chip 316 or running a single sample in a chip 314 (Fig. 2).

Variant Caller DNAStar

Sampl

e
Gene

Ref. 

Base

Called 

Base
Mutation

Coverag

e

Var. 

Freq.

Coverag

e

Var. 

Freq.

1 PIK3CA A G|A
p.His1047Ar

g
7226 80.2 % 998 79.9 %

2 KIT A C|A
p.Met541Le

u
2495 49.1 % >1000 50.9 %

2 KDR G T|G
p.Ser1190Ty

r
- - 27 40.7 %

4 SMAD4 A T|A p.Arg515X 2801 11.3% >1000 12.6 %

Table 2. Mutations identified in the FNA samples using the two  analysis tools.

The obtained loading densities of 65-69% resulted in >350000 
and >2700000 reads, with more than 90% of them on target, 
using the chip 314 or 316, respectively (Table 1). As 
consequence, the average base coverage depth was more than 
three times higher per sample in a 316 chip, even multiplexing 
three samples, compared to a single sample run on a 314 chip. 

Figure 2. Overview of the results obtained. Upper section: Giemsa staining of the four FNA samples (200x 
amplification); Middle section: representation of the multiplex strategy used; Lower section: heat maps representing 
the loading density of the sequencing chips.

The use of two different bioinformatic tools for variant calling 
presented similar results (Table 2). Only one variant 
(p.Ser1190Tyr) in the gene KDR was differently called and 
confirmed to be a false-positive. The allele frequency of ±11% of 
the alteration p.Arg515X in the gene SMAD4 highlights the 
sensitivity of this strategy. This variant was detected at >2800x 
depth of coverage.  

Importantly, the three mutations (Table 2) were detected in 
genes that can be therapeutically intervened.

Library preparation was performed using the protocol Ion 
AmpliSeq Library Kit (MAN0006735). Template preparation, 
which involves the steps of sample emulsion PCR, emulsion 
breaking, and enrichment, was performed following the protocol 
Ion OneTouch System (PN4468007 Rev. E). The ISPs sample 
were prepared for sequencing using the protocol Ion PGM 200 
sequencing kit (PN4469714 Rev. C).

Chip 316 Chip 314

Sample 1 Sample 2 Sample 3 Sample 4

Abstract 354, USCAP 2013

Endoscopic Ultrasound-guided Fine Needle 

Aspiration (EUS-FNA)

• EUS-FNA has been increasingly 

used for the assessment of diverse 

intra-abdominal tumours.

• EUS-FNA is a key component of 

the evaluation of both extramural 

and intramural structures of GI tract, 

allowing determination of origin of 

the lesion and cytological sampling.

E
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o
E
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o
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o
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e
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Sensitivity for malignancy

� Cytology: 61%

� FISH: 74%

� Both: 85%

� FISH detected an additional 13 cases of pancreatic adenocarcinoma missed by 

cytology.

EUS-FNA with rescue fluorescence in situ hybridization for 

the diagnosis of pancreatic carcinoma in patients with 

inconclusive on-site cytopathology results.

Kubiliun N et al. Gastrointest Endosc 2011

• Like urinary samples, a positive pancreatic UFISH result is defined as a significant 

number of cells with polysomy, trisomy, or loss of the 9p21 locus.

• A polysomic UFISH test result in an FNA sample with atypical cells is virtually 

diagnostic of malignancy.

• A negative UFISH result does not rule out malignancy but may prompt the search 

for other causes  of a sonographic mass.

• UFISH appears to have high sensitivity and specificity for malignancy but is a 

supplement test to morphology, no a replacement for it.
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Pancreatic Cystic Lesions

Ancillary tests

• Amylase level.

• Tumour markers (CEA, CA 125, KOC).

• Molecular techniques (KRAS, P53, LOH)

•KRAS

• LOH

• DNA quantity/quality

Molecular Diagnosis

1.Benign non-mucinous

2. Benign mucinous

3.Malignant (in situ or 

invasive carcinoma)

Criteria

1.DNA quantity/quality low to moderate; AND 2) KRAS gene point 

mutation not present; AND 3) LOH, <2 genomic loci

2. DNA quantity/quality: high; OR 2) KRAS gene point mutation  

present; OR 3) LOH, ≥2 genomic loci 

3. KRAS gene point mutation, high amplitude (>75%); OR 2) ≥2 

more LOH, high amplitude (>75%) 
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Gastrointestinal Stromal Tumors

• GISTs are frequently discovered on endoscopy performed for other 

reasons and are characterized by a bulging of the GI wall with intact, 

normal, overlying mucosa.

• EUS allows identification of the tumor and collection of material for 

diagnosis and molecular analysis by EUS-guided FNA.

• GISTs are characterized by the presence of activating mutations of 

CKIT and PDGFR TK receptors. Detection of these mutations are 

useful for diagnosis confirmation and to predict likelihood of 

Imatinib response. Exon 11 mutants respond better.

Cancer Cytopathology 2011

Table 2: Mutation analysis results for c-Kit gene in cell-blocks obtained from aspirates

c-Kit status

Tumours Wild type Exon 9 Exon 11 Exon 13 Exon 17

GIST (n = 33) 42.5 % 3.0 % 57.6 % - -

non-GIST (n = 18) 100% - - - -
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t(11;22)(q24;q12)

Ewing Sarcoma/PNET

CYTOJOURNAL 2010; 7: 5. 

MDM2 amplification in FNA of 

dedifferentiated liposarcoma



D7.6   2nd  TASTE Workshop Proceedings                          519108- LLP-2011-IT-KA3-KA3MP

Second TASTE Workshop, 20th April  2013 134

NEUROBLASTOMAS

CC DD AA BB

Diploid

N-myc amplification +

1p deletion

Limited response to therapy

Aneuploid

N-myc amplification -

Good response to therapy

Barroca H, Schmitt F. Acta Cytol 45: 169-72, 2001

In breast cancer, molecular cytopathology can be used

• In primary tumours

• In metastatic tumours
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• 273 patients were randomly assigned to receive either paclitaxel

followed by FAC (n=138), or FAC x 6 (n=135) neoadjuvant chemotherapy. 

All patients underwent a pretreatment FNA of the tumor for gene 

expression profiling and treatment response prediction.

• Gene expression profiling for prospective response prediction was 

feasible in this international trial. The 30-gene predictor can identify 

patients with greater sensitivity to T/FAC chemotherapy.

Massive parallel sequencing
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METASTATIC DISEASE? AND NOW 

Be sure to treat the present disease

Primary BC 

HER-2 negative

FNA from liver metastases HER-

2  positive

Schmitt FC, unpublished data, 2012



D7.6   2nd  TASTE Workshop Proceedings                          519108- LLP-2011-IT-KA3-KA3MP

Second TASTE Workshop, 20th April  2013 139

ER/PR ASSESSMENT IN BREAST FNAs

ISH FOR HER2 IN BREAST FNA

• ISH can be performed successfully in the 

majority of cases on archival cytological 

slides, and the results are reliable and 

accurate.

•• ISH can be performed successfully in the ISH can be performed successfully in the 

majority of cases on archival cytological majority of cases on archival cytological 

slides, and the results are reliable and slides, and the results are reliable and 

accurate.accurate.

• Good concordance between HER-2 

amplification in FNA samples and  whole 

histological sections, using single or dual 

probes.

•• Good concordance between HERGood concordance between HER--2 2 

amplification in FNA samples and  whole amplification in FNA samples and  whole 

histological sections, using single or dual histological sections, using single or dual 

probes.probes.

Gu M et al. Acta Cytol 2005

Ricardo S et al. J Clin Pathol 2007
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FISH studies comparing primary breast 

cancers and their matched distant metastases 

NCCN Guidelines Version 1.2012 Breast Cancer 

“biopsy documentation of first recurrence if possible, and 

determination of hormone receptor status (ER and PR) and 

HER2 status should be repeated, especially if unknown, 

originally negative or not over-expressed. “

And now?
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KRAS and BRAF mutation analysis can be reliably performed 

on aspirated cytological specimens of metastatic colorectal 

carcinoma

Pang N et al. Cytopathology 2011

Metastatic melanoma

Significant unmet medical need

• Melanoma is a tumour that is frequently diagnosed in a 

metastatic site by FNA.

• These patients have a poor prognosis (8-10 month median 

overall survival).

• In the last 3 decades there were no advances in therapy.

• 50% of melanoma cases have BRAF mutation and recently a 

inhibitor (RG7204) was described and tested with sucess.

• BRAF mutation testing will be a routine in melanoma cases.

• FNA is a suitable method to obtain melanoma cells from 

metastatic sites for test BRAF.
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100% 81% 88%

53%

Conclusions

• Small samples obtained by minimally invasive methods exploited 

morphological and molecular information are the model biopsies of 

the future.

• Various techniques using different types of cytological samples and 

preparations have shown promising results, with similar or higher 

accuracy and sensitivity when compared with surgical specimens.

• Presently, with the rapid development of personalized treatment,

tumors should be tested for available biomarkers and every effort 

should be made to spare the tissue for molecular testing.
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381

Scientific Advancement –
a proud history for more than 46 years

2012 IQ FISH

2010 Coverstainer

2009 Duo CISH

2008 Integrated Workflow Solutions

2007 EnVision™ Flex & Flex RTU

2004 2nd Generation ”Full Automation” Stand alone system

2000 1st Generation Automation

1998 HercepTest™

1980 Visualization Kits

1966 Antibodies

Scientific Advancement –
comprehensive R&D

382

17% reinvested 
in R&D

Comprehensively addressing the needs 
of future pathology lab

IHC Reagents

Molecular Pathology

Primary Staining

Software Development

Systems Integration

42%

13%6%

28%

13%
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Information

Automation

Scientific Advancement –
to deliver in 2013, we must think about 2023

383

Reagent

• Quality

• Consistency

• Portfolio

• Automation

• Instrument features

Solution

• Workflow

• Usability

• Efficiency 

Predictability

• Quality synergies

• Proactive information use

• On-line  monitoring & QA

• Multiplex, quantitative 

algorithms

• Integrated reporting w. 

treatment

Dako
R&D 

focus

User

Instrument

ReagentsSoftware

Service

2000 2010 2020

15+ years 
Our current 
average age of a 
customer 
relationship

“To me, Dako is the person I can work 
with. High quality products and staff, 
highly competent and tremendously 
flexible – you do not find that with 
other big players in the market.”

Pathologist, Germany

“Dako is part of the family. 
We work together as partners. 
I can rely on them to fix my issues.”

Lab manager UK

384

Lasting Partnerships
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385

Dako’s Focus in Companion Diagnostics

We are committed to fighting cancer - together

386
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Building lasting partnerships with pharma is a 
cornerstone in the strategy to lead within the area of 
companion diagnostics…

Feb 2013 Pfizer
Jan 2013  Eli Lilly & Company

May 2012 Genentech
Jan 2012  Amgen

Nov 2011 Bristol-Myers Squibb
Nov 2010 Quintiles

Jan 2010 AstraZeneca
Aug 2009 Genentech

Jan 2009 OSI Pharmaceuticals Inc
Nov 2008 Genentech

Nov 2011 Bristol-Myers Squibb 
Aug 2007 Genentech, OSI Pharmaceuticals Inc, Roche

Mar 2004 Human Genome Services
Jul 2000 ImClone Systems Inc, Bristol-Myers Squibb, MerckSerono 

Feb  1998 Genentech

Dako’s announced partnerships in companion diagnostics

Scientific Advancement –
Dako is the pharma partner of choice 

388

Pharma partnerships
Dako

Comp. A

Comp. B

24

7

0

Imaging partners

Note: Each logo represents one agreement

Contracts
Term sheet

Leads Project discussions Negotiations Signed contracts

Assessment
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389

Dako Omnis Solution
We’ve been listening …

Understanding your world

390

“You know, it just gets more and more 
difficult to find well trained staff …”

“As we get ready for accreditation, 
documentation becomes even more 
important …”

“There is an increasing demand 
for consistency in slide quality, if we 
want to keep being accredited …”

”Slide volumes really 
fluctuate – from day to day, 
and hour to hour”

“I am being asked to save on my budget 
each year, but yet the workload continues to 
rise … I am challenged to improve my 
productivity ...”

“Molecular testing keeps going 
up and up…”

”We are looking at how we can 
become more lean like in our workflow, 
with the focus on patient cases…”

Source: Dako market surveys 2011-12
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Dako offers a new complete staining solution 
in IHC and ISH

Software

Service, support and 
workflow consultancy

Instrument

Reagents

Dako Omnis 
Solution

�Time
�Choice
�Better Patient Care

Dako Omnis - adding to our heritage 
in advanced staining

392

Instrument

�Automated IHC and ISH, depar to 
counterstain

�Power of parallel processing

�Rack-based – 5 slides per rack

�True continuous loading

�Up to 60 slides simultaneously in 
process

�60 reagent vials

�Onboard reagent temperature control
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Dako Omnis - adding to our heritage 
in advanced staining

393

Solution software and connectivity 

�Onboard computer used for 
instrument operations (loading of 
reagents and slides, maintenance 
tasks)

�LAN seat concept: distributed 
software for entering test requests and 
workflow management

�Full LIS connectivity as well as 
Autostainer and Omnis co-existence 
within a laboratory handled through 
Test Request Distributor (TRD) 
component

Dako Omnis - adding to our heritage 
in advanced staining

394

Reagents

� Validated with EnVision ™ FLEX and 
FLEX RTU, HercepTest™ and 
pharmDx ™ products

� HER2 IQFISH pharmDx™ as the first 
ISH product

� Third-party antibodies



D7.6   2nd  TASTE Workshop Proceedings                          519108- LLP-2011-IT-KA3-KA3MP

Second TASTE Workshop, 20th April  2013 198

The Dako Omnis Solution

395

Touch screen for 
loading slides 
and reagents

Loading site for 
bulk and system 
liquids

Loading interface 
for reagent racks

Unloading 
interface for slide 
carrier

Visual cues for 
system status

Loading site for 
slide carrier and 
lids

39
6
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Take a look inside …

Animation?
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Omnis sets new standards for performance... …with distinct benefits

0 min 

Major
reduction

6 min

waiting time to load 

new reagents and slides 
up to full capacity

in hands-on time
versus the most efficient 

staining solution currently

on the market

maximum daily 

maintenance time 
per system

� Never compromise on 
when you can load your patient case

� Don’t have staff/pathologists/ 

clinicians/patients waiting

� Free up your most precious 

resource: your staff

� Eliminate non-value 
adding steps common on existing 
systems

All information based on design input specifications

Three things to know about Omnis and 
TIME

39
8
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Omnis sets new standards for performance... 

Batch and continuous flow

60
temperature controlled 

reagent positions to choose 
from when you load your vials

LAN seats display 

information where and 
when you need it including 

information provided by your LIS

� Omnis supports your choice 
of workflow , both when it is 
batch and continuous

� Have full support for all 
your patient cases , 
without constantly switching 
reagents

� LAN seats support the task at 

hand – all over the lab 
and in the office

…with distinct benefits

All information based on design input specifications

Three things to know about Omnis and 
CHOICE
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39
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Omnis sets new standards for performance... …with distinct benefits

60 IHC + 15 ISH

< 4 hour

ID

slide capacity enabling better patient 
case load management 

turnaround time for 

FISH slides

logs all operator actions, reduces errors 
and mitigates risks

� Don’t compromise time to 
delivery by balancing fluctuations in 
daily/weekly test volumes 

� Process patient case slides together and 

save time by reducing sorting steps

• Confidence that your lab will comply 

with accreditation 
requirements

� Get the test results to the patient 

quicker

All information based on design input specifications

Three things to know about Omnis and 
BETTER PATIENT CARE
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Omnis Advisory Board

� Prof. Hermann Herbst , Vivantes, Berlin, Germany

� Dr. Pedro Fernandez , Hospital Clinic, Barcelona, 
Spain

� Dr. Philippe Rochaix , Institut Claudius Regaud, 
Toulouse, France

� Mrs. Tracy Sanderson , Northern General 
Hospital, Sheffield, UK

� Mr. James Burchette , Duke University, NC, US

� Mr. Michael LaFriniere , Cytology Services of 
Maryland, MD, US

� Mrs. Cecelia A Dodson , Indiana University Health, 
US

� Prof. Ronald Stead , Holburn & Gamma-Dynacare, 
Ontario, Canada

� Mrs. Elizabeth Colley , Holburn & Gamma-
Dynacare, Ontario, Canada
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Any questions?


