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Nothing can stop automation
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Overview of Automated Immunohistochemistry

Jeffrey W. Prichard, DO

® Context.—The increasing demand for immunohisto-
chemistry for clinical diagnostics, in combination with an
ongoing shortage of staff in the histology laboratory, has
brought about a need for automation in immunohisto-
chemistry. The current automated staining platforms vary
significantly in their design and capabilities.

Objective.—To review how technology has been ap-
plied to automating the process of immunohistochemical
staining.

Data Sources.—Literature review, vendor interviews,
and personal practice experience.

Conclusions.—Each of the commercially available, auto-
mated immunohistochemistry platforms has strategic design
differences that produce advantages and disadvantages.
Understanding those differences can help match the demands
of testing volumes, turnaround time, standardization, and
labor savings to the appropriate automated instrumentation.

(Arch Pathol Lab Med. 2014;138:1578-1582; doi:
10.5858/arpa.2014-0083-RA)

Fan Lin
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Conrad Schuerch Assoc. Editors
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Automated Immunohistochemistry Overview Abstract

leffrey W. Prichard, Angela K. Bitting

Pages 41-46 The past decade has produced major innovations and a great variety of features available in

automated staining instruments. This chapter is a "buyer’s guide” for automated IHC
Immunohistochemistry: An Agilent Perspective

Ole F. Rasmussen, Lars Rudbeck

instruments. For those new to the topic of automated staining, it begins with discussions of

the advantages and disadvantages of automated versus manual staining techniques to help

Pages 47-57

you decide if automation is the right choice for your laboratory. The basics of the general
The Leica Biosystems Perspective: From Excision to Imaging—Every Step Is Critical types of mechanics that differentiate the platforms are illustrated. Industry jargon about
Douglas Coveney, Mandy Lindsay, Claire Kentler, Kellie Madigan “open” and "closed” systems is better defined. To help with creating a thoughtful business plan
Pages 59-67

to justify the budget expense of automation, the considerations that include the cost and
potential savings of operating the equipment over and above the purchase price are
Immunohistochemistry: Maixin Perspective

)Ff'aoya;:a;;g’ Qixin Lin, Yulin Xiong overall test throughput are described. A comprehensive feature comparison table is included
ages 69-

presented. The different strategies for slide capacity and continuous processing that affect

to reveal how the current clinical instruments stack up side by side. With the information in

Immunohistochemistry: Roche Tissue Diagnostics Perspective Fan Lin -Jeffrey W, Prichard - Haiyan Liu - this chapter, you will know how to evaluate whether an instrument is right for you and
Myra L. Wilkerson Editors

Hiroaki Nitta, Mark D. Robida, Nate Polaske understand the value of technological advancements as they arrive in the future.

Pages 77-85

Handbook of Practical
Immunohistochemistry

| . .
Frequently Asked Questions
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Proportion of protocols based on conc. and RTU formats in NordiQC
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Proportion of protocols based on conc. and RTU formats in NordiQC

Breastmodule
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TABLE 3. Harmonization of Protocols and Pass Rates for ER
Among NordiQC Participants

Run No. 8 Bl B15 B32
Year 2003 2006 2013 2021
Ready-To-Use antubody (%) 17 20 66 88
Alkaline buffer for HIER (%) 75 83 94 96
Multimer/polymer detection system (o) 61 71 93 99
Fully automated IHC platform (") 4 24 59 89
Pass rate (%) 50 75 77 89

HIER indicates heat-induced epitope retrieval.

... The IHC biomarker protocol trap = Caution: not for faint-hearted lab personel 11111 . . .
By . Fixation
Efgg‘;f;f:n['on Time, Type, Volume
Epitope retrieval ’
Tissue HIER conditions Primary antibody
e, imersin Pooyss _ Core Do
De-differentiation
Section Manual .
With 3 choices for 5 Thickness Stainer Analytic
variables in each phase = > 910{392
4 million protocols.... Drying . Development
\é-"lsua_lll_zgnog ifici Sensitivity,
Controment ensitivity, Specificity | nealization
™ Post-
} i ! Interpretation
analytic Read-out P
/-" guam;ht.allun it Positive/Negative - cut-off level
o eporting
Protocol 1 Protocol 2

Nielsen, Sgren, Bzorek, Michael, Vyberg, Mogens, Rege, Rasmus. .
Lessonsearned ChallengeFakert | yR ! Ol A2y a dnimBr®hisoehdidistrtANER < adiPkerapgctivesrom the NordiQ®roficiencyTestingProgram.
Appliedimmunohistochemistry®& MolecularMorphology31(7):p 452458, August 2023. | DOI: 10.1097/PAl.0000000000001071

9/24/2024
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Automation of the IHC staining procedure:

1. To secure and improve consistency of the IHC assay compared to manual performance;
intra- and inter-laboratory

2. Reducethe technician workload used for IHC
2024 Fully automated with focus on 4 core elements
- Deparaffination
- Epitope retrieval (HIER and/or proteolysis)
- IHC protocol (1 or 2 markers)
- Counterstaining

Capillary; BOND and Prime Leica, Omnis Dako, Genie Sakura

Flat labelling; BenchMark Ventana, Oncore Biocare (AS48 Dako)
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Capillary gap technology stainers:

Technique;

To spread reagents
and to avoid slides
drying out

Capillary Gap Staining
~50 pm gap

--- Slide

Tissue 1
Sllde -+--=-- Heagent
Slide ==~ 4 |@--3 - Tissue
+ (with or without tissue)
Cover
Leica: Dako: Sakura: J
Covertiles Glass Lid oupside dowrno .
Capillary Dynamic gap Capillar
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Flat labelling technology stainers:

Technique;

Reagentsare applied
+/ - mixing
+/ - overlay

Liquid Overlay Technology

Open Individual Slide Staining

Ven_tgna: Dako:
+Mixing -Mixing
+Overlay -Overlay
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IHC stainer platforms NordiQC ER run B37, 2024
428 participants

BenchMark Ultra Plus
4% Other

BenchMark GX, VMS 3%
2%

ASA48 Link, Dako
7%

Omnis, Dako
17%

BenchMark XT, VMS
1%

1
’ BOND llI, Leica
10%

BOND Prime, Leica
1%

BOND MAX
1%

BenchMark Ultra, VMS
54%
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IHC stainer platforms NordiQC CD20 run 71, 2024
428 participants

BenchMark Ultra Plus Genie, Sakura
Other

4% o .
BenchMark GX, VMS ° 3% 1% AS48 Link, Dako
1% 6%

BenchMark XT, VMS
2%

BenchMark Ultra, VMS <
46% “
BOND MAX

1%

Omnis, Dako
21%

BOND llI, Leica
14%

BOND Prime, Leica
1%
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Automation of the IHC staining procedure:

1. To secure and improve consistency of the IHC assay compared to manual
performance; intra- and inter-laboratory

2. Reducethe technician workload used for IHC

Functionality T Workload i Workflow - Flexibility T Costs
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Overview of Automated Immunohistochemistry

Jeffrey W. Prichard, DO

® Context.—The increasing demand for immunohisto-
chemistry for clinical diagnostics, in combination with an
ongoing shortage of staff in the histology laboratory, has
brought about a need for automation in immunohisto-
chemistry. The current automated staining platforms vary
significantly in their design and capabilities.
Objective.—To review how technology has been ap-

Data Sources.—Literature review, vendor interviews,
and personal practice experience.

Conclusions.—Each of the commercially available, auto-
mated immunohistochemistry platforms has strategic design
differences that produce advantages and disadvantages.
Understanding those differences can help match the demands
of testing volumes, turnaround time, standardization, and
labor savings to the appropriate automated instrumentation.

plied to automating the process of immunohistochemical
staining.

(Arch Pathol Lab Med. 2014;138:1578-1582; doi:
10.5858/arpa.2014-0083-RA)

0 lybu understand the needs of your laboratory and the capabilities
of the various systems, you can find the
Al f an automated | HC platform is chosen c

of testing, automation can provide necessary process improvement and cost

savings needed i n the modern practice of
NWhen evaluating automated staining syste
thing to understand I s that there 1 s no,
for all purposes.o
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Automation of the IHC staining procedure:
LBC

Functionality 1 Workload i Workflow - Flexibility i Costs

ASample typei FFPE /Cytology / Frozensections

ABaking of slides

ADeparaffination

APre-treatment 1 HIER and proteolysis

ACombinedretrieval i HIER+proteolysis/ proteolysis+HIER
AContinuous loading

Y ST

ABatch loading IR
AIHC / ISH ? ol aety
ACoverslipping W R
ATemperature controlled i slides, reagents W e A
AWaste handling i amount, separation S AT RS
ARequirement of special utensilesi containers, slides, lids
Aé é WT1 6FH2 WT1 6FH2

HIER HIER Prot
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Automation of the IHC staining procedure:

Functionality i Workload T Workflow - Flexibility i Costs

ACapacityi prrun, .. day, .. week (no of units i back-up..)
APlace, start and walk

Alnteractions required i e.g. chromogen stability
ASequential process

Aone instrument for all steps
AParallel process

Ae.g. one instrument for HIER, one instrument for IHC
ABatch versus continuous load of slides

AoWholeod working processin dept must be incorporated
ATechnician ressources for maintenance
AFrequency extent, safety etc

Agilent Case Study: Dako Omnis Workflow

Complete Dako Omnis Installation
=71 Resulted in Improved Workflow

TRANSCEND
EXPECTATIONS

staini

BOND-PRIME ADAPTS TO ANY WORKFLOW:

Batch Continuous | Single slide
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Automation of the IHC staining procedure:

Functionality i Workload i Workflow - Elexibility 7 Costs

ASoftware
AProtocol set-up

AHIER settings i time, temperature
ARetrieval methods i single, combined
AAdjustment of incubation times i Ab, detection, etc
AAdjustment of incubation temp i Ab, proteolysis
AAdjustment of protocol sequencei H,0, etc
AAdjustment of reagent volume
AModification of protocol stepsi addition/removal
AWashing conditions i of low affinity Abs

P63, 4A4 - UltraView (2-step) - Various HIER time

CC1.8 100°C " CC120.100°C ol iy o

CC1_52_100°C CC1_64_100°C CC1_92_100°C
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Automation of the IHC staining procedure:

Functionality i Workload i Workflow - Elexibility 7 Costs

AReagents
AHIER reagents
AHow many and which HIER buffers are offered ?
ACan 306 part ybesappiEd® buf fer s
AProteolysis
AWhich proteolytic enzymes are offered ERCAM inRenalClear Celbarcinoma

ACan3 6 pemayregbe applied mAbcloneBerEP4

Aprimar}/ antibody HIER TRS low pH 6,1 HIER CC1 pH
A3 6 pamtibadies ? $r e » .

ARTU antibodies available ? ;_:;,;4 o

R S
5@{"6’3'69{¢f71 2 PERE © NordiQC
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Automation of the IHC staining procedure:

Functionality T Workload i Workflow - Elexibility 1 Costs

ADetection systems
ACan3 6 pdetection system be applied ?
AReactivity i mouse-rabbit and other species ?
AUniversal (MR), mono-specific ?
AModularity i can sensitivity be adjusted ?
AAmplification step, Linker, different systems etc
ADual staining capabilities
AAre different chromogens offered from vendor
ACan3 6 pchromogens be applied ?
ASimultaneously ? (mono-specific system required)
ASequential ?

In general, works well with rabbit primary Abs but less efficiel
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Automation of the IHC staining procedure:
Functionality T Workload i Workflow - Flexibility T Costs

ADirect costs
APrice pr instrument
APrice pr slide
APreventive maintenance
Alndirect costs
AWaste volumen
ADaily maintenance (time used)
AdcHidden costsd
ADown-period i what is expected and accepted ?
ARerunsi what is expected and accepted ?
AAssesscoriesneeded/required
AEmpty vials for reagents, reagents, amp/linker, etc
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Dako Dako VMS Leica Leica Sakura
AS 48 Omnis Ultra/ Ultra plus BOND Il Prime Genie
48 60 30 30 24 30

Capacity

Capacty |
64 60 35 36 70 19+30
200ul 200ul 100 ul 150 ul 150ul 350ul
Yes No No Yes No No
No Yes Yes Yes Yes Yes
No Yes Yes Yes Yes Yes
0Q LJ NIieé Yes Yes No No No No
Yes Yesg H+P Yes Yes¢ H+P Yes Yes US/No EU
e Aol Ab,enz Ab,enz Ab Ab
det, chr. det, chr.
High Moderate High Moderate High Low
Yes No Yes No Yes Yes
Yes Yes Yes Yes Yes Yes
Yes Yes No No Yes No
ISH No Yes Yes Yes Yes Yes
84 84 230 155 155 130
High Moderate High Low None None

* Estimate09.2024 withuncertaintiesandchangesiue to IVDR anldcalregulations
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L | Qualéy - manual

Monday Tuesday Wednesday Thursday Friday

SO N W ~ 01 O

m Ki67 mER BHER2

Automation facilities reproducibility

SO B N W » 01 O

L | Qualéy€ - Automated

Monday Tuesday Wednesday Thursday Friday
m Ki67 mER BHER2

Compromisation of protocol is needed
to handle automated processing

Certain markers are severely affected

Flexibility of automation might
compensate for the impact
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D5F3 0KU
ASMA 1A4 K 0 KO FN,FP K
Bcl6 PGB6p K K FN 0 KO
BSAP 24 K FN FN K
BRAF VE1 6 K 0 FN K FN IHC performance
Ei'f Z::Cémetl : E: EE :K ; Challenges:_elated
- e - = = - to automation and
CDX2 DAKCDX2 K K FN K clonechoice
CEA 7 K FN K
CKLMW 5D3 K FN K _
Desmin D33 K FN K K NordIQC data
EPCAM BerEP4 K K FN FN
Hepatocyte OCH1ES5 K K FP
Melan A A103 K FN FN K
PAX8 MRQ50, BC12 K FN FN K
SATB2 EP281 K 6 KO K 6 KO
SMAD4 B-8 K FN FN K

XX o
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D5F3 K 0KU
ASMA 1A4 K 0KU
Bcl6 PGB6p K -
BSAP 24 K FN
BRAF VE1 0KU FN
Calretinin DakCalretl K FN
CDh4 4B5 K FN
CD56 123C5 K FN
CDX2 DAKCDX2 K K
CEA "7 K
CKLMW 5D3 K -
Desmin D33 K FN
EPCAM BerEP4 K K
Hepatocyte OCH1ES5 K
Melan A A103 K FN
PAX8 MRQ50, BC12 K FN
SATB2 EP281 K 0KU
SMAD4 B-8 K FN

XX o

FN,FP

FN
FN
K
FN
FN
FN
FN
FN
FN
K
FN
K
FN
FN
K
FN

0KO

Mitigation of RTU
from one system to
anothercanbe
challenging
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Fig. 1a (x200)
Optimal staining reaction for CD4 of the appendix
applying the RTU assay IR649 (Autostainer,
Dako/Agilent) based on the mAb clone 4B12, following
vendor recommended protocol settings based on HIER in
TRS (3-in-1) pH 9 and Envision FLEX+ as detection
system.
All T-helper/inducer cells show a strong and distinct
membranous staining reaction. The germinal centre
macrophages display a weak to moderate staining
intensity. No staining reaction was observed in B-cells
and epithelial cells of the appendix. Same protocol used
in Figs. 2a - 4a.
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A SRR ’g’,’ﬂ i Pasgates forw ¢ | 2Q/a é&infeddédk LI | 0 F2 N

SR RS R o Y A

PR I S v Tt )

R & e T i 4;,',_(- t K IR649 4B12| IR649 4B12| Alternative
«s B PO :" - o . -
e e R ,' - AS 48 Link Omnis clone* Omnis

©Nordt0f} % ,n"*“;v.?f* r'\ikm.*i,‘ B

Fig. 1b (x200)

Insufficient staining reaction for CD4 of the appendix
applying the same RTU system as in Fig. 1a, but used on
the fully automated instrument Omnis (Dako/Agilent)
with similar protocol settings as in Fig 1a - same protocol
used in Figs. 2b - 4b.

The staining intensity is significantly reduced in T-
helper/inducer cells and germinal centre macrophages
are false negative or only faintly demonstrated. This
antibody clone provides too low analytical sensitivity on
this particular platform (see description above) and
should prompt laboratories to substitute to a robust
primary Ab as e.g., the rmAb clones SP35 or EP204 -

compare with Fig. 2a-4b.
DLBCL T-Celllymph

CD4  93% (13/14)

IR606 D33

0% (0/28)

IR606 D33
Omnis

5% (2/37)

100% (21/21)

Alternative
cloneg®* Omnis

100% (7/7)
* SP35, ** BS21

AS 48 Link
Desmin 67% (18/27)
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p53 run 38, 2013; p53 run 38, 2013; . e 2
” Fn S 1 ‘.«f 2 A:' :5:5.7:00»’ ‘vo" ’.'
. . . . . -y \; .:’ - oo : "‘T.:,.
Purposebeingdemonstration Dako/Agilent RTU; 88p@ass i W R L e
of overexpressiomf p53 N} US laadplayedt dz3| - > i ¥
protein causedby TP53 2L o, &
- o MLt R AR YN
mutation Samelevelfor other systems | et v 7 7 ONOFHOE

p5S3 run 63, 2021;* p53 run 63, 2021;*
Purposebeingdemonstration Dako/AgiIent RTU; 3f%ass

of overexpressiomnd lossof N} 0S Faadplaygd dz3
p53 proteincausedoy TP53

mutations Sameédevelfor other systems

IHCassaysncludingRTU systems muatwaysbe developedand validatedfor its purpose(s)

* Samecriteria andpassratesobservedn subsequenNdizy & cpX c¢T7 YR 1TaX®
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Pass rates of RTU formats Type | IHC assays NordiQC 2023024

100

p40 p53

Bcl6 CD10 CD20 CD138 CK-PAN MLH1 MSH2 PMS2

(o2}
o

a1
o

N
o

w
o

N
o

=
o

m All mDako P&P m Dako Mod. mLeica P&P 1 Leica Mod. ® Ventana P&P = Ventana Mod.

8/10 9/10 6/10 7/10 5/10 4/10
-
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Fully -automated systems: BenchMarkUltra / Ultra PLUS,Ventana

Functionality i Workload i Workflow - Flexibility T Costs

5 main Pros

Place, start, walk

Flexible protocol set-up 1 0 3 €lainerso
Wide range of sensitivity for detection systems
Wide range of RTU primary antibodies T Type | & Il
IHC and ISH on same instrument / same slide

akwbnE
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Fully -automated systems: BenchMarkUltra / Ultra PLUS,Ventana

Functionality i Workload i Workflow - Flexibility T Costs

5 main Pros

Place, start, walk

Flexible protocol set-up 1 0 3 €lainerso
Wide range of sensitivity for detection systems
Wide range of RTU primary antibodies T Type | & Il
IHC and ISH on same instrument / same slide

akwbnE

3 main Cons:
1. Only CClapplicable for HIER for IHC
2. Low affinity antibodies may show inferior performance

3. Maintenance time-consuming
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Fully -automated systems: BOND llI, Leica

Functionality i Workload i Workflow - Flexibility T Costs

5 main Pros

Place, start, walk

Flexible protocol set-up i e.g. combined retr.

Both low and high affinity primary antibodies work
Easyto usei loading, programming, maintenance
Good portofolio of RTU antibodies i plug-and-play

akwbnE
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Fully -automated systems: BOND llI, Leica

Functionality i Workload i Workflow - Flexibility T Costs

5 main Pros

Place, start, walk

Flexible protocol set-up i e.g. combined retr.

Both low and high affinity primary antibodies work
Easyto usei loading, programming, maintenance
Good portofolio of RTU antibodies i plug-and-play

akwbnE

3 main Cons:
1. Covertile technique i precipitates and weak hue
2. Lessflexible regarding continuous start T 3 x 10 slides
3. Limited portofolio type Il assays(CDxassaysPD-L1 etc)
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Fully -automated systems: Omnis, Dako

Functionality i Workload i Workflow - Flexibility T Costs

5 main Pros

Flexible reagent choice i HIER buffers
Easyto usei loading, programming
High capacity and high daily throughput
IHC and ISH on same instrument
Temperature controlled reagents

akwbnE
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Fully -automated systems: Omnis, Dako

Functionality i Workload i Workflow - Flexibility T Costs

5 main Pros

Flexible reagent choice i HIER buffers
Easyto usei loading, programming
High capacity and high daily throughput
IHC and ISH on same instrument
Temperature controlled reagents

akwbnE

3 main Cons:
1. Limited portofolio of RTUs(l & 1) & detection systems
2. Low affinity antibodies may show inferior performance
3. Lessflexible protocol set-up
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Semi -automated _ systems: AS 48, Dako

Functionality i Workload i Workflow - Flexibility T Costs

5 main Pros

Flexible protocol set-up i e.g. combined retr.

Flexible reagent choice i HIER buffer, detection system
Both low and high affinity primary antibodies work
Easyto use i loading, programming, maintenance
Good portofolioof RT Utgpe | & 1l T plug-and-play

akwbnE
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Semi -automated _ systems: AS 48, Dako

Functionality i Workload i Workflow - Flexibility T Costs

5 main Pros

Flexible protocol set-up i e.g. combined retr.

Flexible reagent choice i HIER buffer, detection system
Both low and high affinity primary antibodies work
Easyto use i loading, programming, maintenance
Good portofolioof RT Utgpe | & 1l T plug-and-play
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3 main Cons: e
1. Increased manual interaction i 2 instruments needed — ———
2. Primarily batch operation
3. High reagent volumen neededi 300 ul a n d deadvolo
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- Staining issues
BenchMark VMS;

Uneven weak and neg areas

T air bubbles




NordiQC

IHC T Immunohistochemical stainers

tates and

Ipi

ISSUES

. Leica

ining

Chromogen prec
general hue

Sta




IHC i Immunohistochemical stainers Noraac

N

“’*’5 &ﬂ' ’:»':2 Stain.ing Issues
"x»f;Zz%» ¥x Omnis, Dako;

&
‘@' ?3

-:"4

"jf i -
75" “w" Chromogen precipitates,

&8

-
Yageet
# ois

morphology and general hue

p.(-
CE TR A '.’. p" ' ® P-‘ ﬂfli;‘an‘
: (e A é 13&‘71\1‘: 2 "

3*},,%»3 O pbAg

% e &
}&\ jo.g Hi Py % ‘bﬂ.’*\i“ﬁP‘%




IHC T Immunohistochemical stainers

a
I\IordlgCOJC

Staining issues
AS48, Dako;

Chromogen depletion,
reagents not spread, drying
out

Issue with rack levelling




