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Abstract: Immunohistochemistry (IHC) has for decades been an
integrated method within pathology applied to gain diagnostic,
prognostic, and predictive information. However, the multi-
modality of the analytical phase of IHC is a challenge to ensure
the reproducibility of IHC, which has been documented by ex-
ternal quality assessment (EQA) programs for many biomarkers.
More than 600 laboratories participate in the Nordic im-
munohistochemical Quality Control EQA program for IHC. In
the period, 2017-2021, 65 different biomarkers were assessed and
a total of 31,967 results were evaluated. An overall pass rate of
79% was obtained being an improvement compared with 71% for
the period, 2003-2015. The pass rates for established predictive
biomarkers (estrogen receptor, progesterone receptor, and
HER2) for breast carcinoma were most successful showing mean
pass rates of 89% to 92%. Diagnostic IHC biomarkers as PAX8,
SOX10, and different cytokeratins showed a wide spectrum of
pass rates ranging from 37% to 95%, mean level of 75%, and
attributed to central parameters as access to sensitive and specific
antibodies but also related to purpose of the IHC test and vali-
dation performed accordingly to this. Seven new diagnostic bi-
omarkers were introduced, and all showed inferior pass rates
compared with the average level for diagnostic biomarkers em-
phasizing the challenge to optimize, validate, and implement new
IHC biomarkers. Nordic immunohistochemical Quality Control
operates by “Fit-For-Purpose” EQA principles and for pro-
grammed death-ligand 1, 2 segments are offered aligned to the
“3-dimensional” approach–bridging diagnostic tests, drugs to be

offered, and diseases addressed. Mean pass rates of 65% and 79%
was obtained in the 2 segments for programmed death-ligand 1.
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Immunohistochemistry (IHC) is an indispensable assay
being consistently performed in anatomic pathology

primarily for the subclassification of neoplasms.1,2 IHC is
basically a descriptive assay aimed to determine whether a
target analyte is present or absent, and accordingly the
result classified as either positive or negative.3,4 For a
minor number of analytes, such as human epidermal
growth factor receptor 2 (HER2) and programmed death-
ligand 1 (PD-L1), a “semiquantitative” result is obtained.
IHC serves as a diagnostic, prognostic, and predictive
assay, and is, in the era of precision medicine, increasingly
applied as an established biomarker method for decision-
making of personalized targeted therapies.5 Because of the
essential value, standardization of IHC to ensure high-
level test reproducibility has been in focus in the last
decades. The journey from a “special stain” to an “in-situ
proteomic” biomarker method is in particular based on
the perspectives by Clive Taylor in the publication “The
total test approach to standardization of immuno-
histochemistry” in 2000.6 IHC is a complex method, and
the end result is influenced by multiple parameters in the
preanalytic, analytic, and postanalytic phases.7,8 Millions
of different protocols can be generated for each biomarker
with great risk of poor reproducibility compromising pa-
tient safety.9 Because of the complexity of IHC methods, it
is impossible to standardize these to 1 universal method-
ology. The focus should rather be directed on reproduci-
bility of IHC results and the 2 most central tools for
laboratories to assure high-quality and reproducible IHC
testing are based on internal quality management adhering
to national and international standards and participation
in external quality assessment (EQA) programs.10–12

This publication will describe the working principles
of the NordiQC (Nordic immunohistochemical quality
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control) program, focusing on central observations gen-
erated since the latest publications of NordiQC data13,14

and integrate the lessons learned from the 4-paper series
for IHC quality assurance published by Torlakovic and
colleagues and Cheung and colleagues with particular
emphasis on the need for “Fit-For-Purpose IHC” relevant
for all stakeholders within IHC.4,15–17 At present, about
600 laboratories from > 60 countries participate in the
NordiQC program, which allow a detailed analysis of the
lessons learned, challenges taken, and actions made to
offer EQA for IHC in the era of precision diagnostics.

MATERIALS AND METHODS
NordiQC offers 3 IHC modules: (1) a general module

for type 1 diagnostic IHC tests4,18 relevant to identify and
subclassify neoplasms; (2) a breast cancer module focusing on
type 2 IHC tests4,18 for HER2, estrogen receptor (ER), and
progesterone receptor (PR); and (3) a companion diagnostic
module focusing on PD-L1.

In brief, the working principles for NordiQC are
based on the distribution of unstained slides from tissue-
microarrays to the participants, performing the analysis
with their standard IHC method for the respective bio-
markers. The stained slides are returned to NordiQC for
central evaluation and compared with a “designated true
value” enabling an objective assessment of the perfor-
mance conducted by an “expert panel” composed of
pathologists and biomedical scientists. Subsequently,
feedback to the participants is given through publicly
available assessment-reports and specific assessment
marks to the individual participants with tailored recom-
mendation for method improvement when needed. The
concept is mainly focused on an evaluation of the basic
level of analytical sensitivity and specificity of the methods
used. The 5 core elements of the working procedures by
NordiQC are shown in Figure 1.

The NordiQC “reference standard IHC method” is
used as comparator for the evaluation of the participants
results. As this method will designate and provide input on
the “true” level of expected results, this or these methods
must be carefully selected and validated appropriately.
NordiQC is located at the Department of Pathology,
Aalborg University Hospital, Denmark, and has access to

IHC methods developed, validated accordingly to ISO
15189, and implemented for diagnostics with historic data
on results. For type 2 IHC biomarkers as PD-L1 and
HER2, commercially available and vendor-validated
companion diagnostic (CDx) IHC assays are applied as
reference standard methods.

In diagnostic IHC, there is at present no access to
reference standards, calibrators, or traceable units to verify
the performance of IHC methods.19 In contrast, these
components are applicable in clinical biochemistry to verify
the accuracy and precision of methods and serve as core
element to assure test reproducibility both for laboratories,
EQA programs, and industry-producing reagents and in-
struments for the analysis. In IHC, immunohistochemical
critical assay performance controls (iCAPCs) serve as
“pseudo reference materials” used to evaluate the test per-
formance characteristics concerning analytical sensitivity
with emphasis on low limit of detection (LLOD), basic
analytical specificity and test reproducibility.17,20,21 For
virtually, all biomarkers evaluated by NordiQC an attempt
to identify, characterize, and use relevant iCAPCs have been
established. At http://www.nordiqc.org, an online library for
iCAPCs is available for numerous biomarkers with recom-
mendations on tissue types, purposes, and descriptions of
expected results. In this context, it must be mentioned that
for certain biomarkers, no tissue with reliable iCAPC ca-
pabilities can be identified to evaluate LLOD and IHC test
reproducibility.

In addition to the use of iCAPCs, selected patient
samples are included in the NordiQC EQA material. The
samples are identified accordingly to the purpose of the
IHC test and contain the clinical-relevant and diagnostic-
relevant expression levels of the biomarker.

Both patient samples and “reference standard ma-
terials”/iCAPCs are formalin fixed and paraffin embedded
(FFPE) material being processed accordingly to interna-
tional standards and recommendations of e.g. American
Society of Clinical Oncology/College of American Path-
ologists (ASCO/CAP),22 clinical and laboratory standard
institute (CLSI).23

The central element defining the selection of refer-
ence standard IHC method, “reference standard materi-
als”/iCAPCs, patient samples, and read-out criteria for
calling a result positive or negative is based on the purpose
of the IHC test requiring that the life cycle of IHC from
validation process to usage of quality controls must al-
ways follow the Fit-For-Purpose concept.4,24,25 This is
now addressed for all biomarkers assessed by NordiQC
and especially central for type 2 biomarkers as PD-L1,
where no universal purpose, reference standard method,
or read-out criteria exist. Only by offering a “3D” EQA
design integrating validated Diagnostic tests as reference
methods, focusing on clinical relevant Diseases, and using
read-out criteria validated for Drug efficiency, the ana-
lytical quality of the participants IHC results can reliably
be evaluated.26 As a consequence, 2 segments for PD-L1
are available: 1 segment—PD-L1 TPS/CPS (tumor pro-
portion score/combined positive score) focusing on PD-L1
in, for example, non–small cell lung carcinoma (NSCLC)

Reference standard IHC
method

Reference standard
materials

Patient samples Read-out criteria

Purpose of
IHC test

FIGURE 1. The 5 core elements of Nordic immunohistochemical
Quality Control external quality assessment analysis. IHC indicates
immunohistochemistry.
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for treatment with pembrolizumab, and 1 segment—PD-
L1 IC (tumor-infiltrating immune cell area) score focusing
on PD-L1 for in, for example, triple-negative breast car-
cinoma for treatment with atezolizumab. As mentioned,
the Fit-For-Purpose objective is addressed for both type 2
and type 1 biomarkers, and for the latter typically the
central purpose being identification and subclassification
of cancer of unknown primary origin and consequently
relevant differential diagnostic samples are included in the
EQA material.

Each participant’s results are assessed by consensus
of an expert panel and scored as optimal, good, border-
line, or poor. The scores are primarily based on the level of
basic analytical sensitivity and specificity of the result, but
also related to the technical quality as morphology, signal-
to-noise ratio, counterstaining, etc. See details in Table 1.

RESULTS
This section will include selected representative

NordiQC results primarily generated in the period from
2017 to 2021. Supplemental data of all NordiQC results is
publicly available on http://www.nordiqc.org.

Overall, 65 different biomarkers were assessed in the
period. In the general module focusing on type 1 IHC
tests, the biomarkers were typically only tested 1 time.
Selected biomarkers, for example, PAX8, were repeated
up to 4 times. The decision to repeat type 1 IHC tests was
primarily related to low pass rates but also new purpose(s)
of the IHC tests. For the type 2 IHC assays PD-L1, ER,
and HER2, these were tested biannually. See Table 2 for
all biomarkers evaluated.

A total of 31,967 slides were evaluated by NordiQC
in the period 2017-2021. The overall assessment scores are
summarized in Figure 2. Seventy-nine percentage of the
results were evaluated as sufficient (optimal and good) and
21% as insufficient (borderline and poor). The overall pass
rate was improved compared with the data observed in the
period from 2003 to 2015, in which an overall pass rate of
71% was reported.13,14

The breast cancer module was the largest module with
324 to 394 participants enrolled for the biomarkers included:
ER, PR, and HER2. As shown in Figure 2, the proportion of
sufficient and optimal results was higher in this module
compared with the levels seen in the general and CDx
modules. From the initial assessments within the breast cancer

module, a consistent harmonization of the protocols used by
the participants has been observed. This is illustrated in
Table 3 focusing on the protocols used for ER. A clear trend
toward the usage of full automation, Ready-To-Use (RTU)
primary antibodies (Abs) in combination with heat-induced
epitope retrieval in an alkaline buffer and multimer-based/
polymer-based detection systems.

Similar to the observations for ER, harmonization
of the protocols applied for HER2 IHC has emerged with
the vast majority of participants using Food and Drug
Administration/Conformité Européenne In Vitro Diag-
nostic (FDA/CE-IVD)-approved assays on the expense of
laboratory developed tests (LDTs). In the latest run B32
2021, 78% of the participants used FDA/CE-IVD-
approved HER2 IHC CDx assays, whereas 22% used
LDTs based on a concentrated primary Ab or a RTU Ab
without predictive claim. The CDx HER2 assays have
been more successful providing superior pass pates com-
pared with LDTs in all assessments. Among the different
commercially available CDx assays for HER2 IHC,
PATHWAY (Roche) was found to be most accurate
proving a mean pass rate of 96% (range: 86 to 100%)
compared with a mean pass rate of 76% (range: 56% to
94%) for LDTs.

A mean pass rate of 89%, 92%, and 90% was ob-
tained for ER, PR, and HER2 IHC, respectively. For all
the 3 biomarkers, false-negative results have been the main
feature of insufficient results but also false-positive results
and inadequate technical quality of the IHC result com-
promising the read-out, were seen (Table 4).

In relation to the improved performance of the re-
sults within the breast cancer module, a change in the
application and use of tissue controls has been effectuated
by the participants. In run B1 2006, 12% of the partici-
pants applied on-slide controls for the ER-slides submitted
to NordiQC compared with 48% in run B32, 2021. This
change is concordant to the recommendations from AS-
CO/CAP for ER and PR testing21 and recommended by
the international ad hoc expert committee for IHC.20

For the results generated within the general module
for 60 different biomarkers, a mean pass rate of 75% was
seen, being the lowest for the 3 modules. The pass rate
should be seen in the light of the complexity and diversity
of biomarkers included in this module, as many new bi-
omarkers are introduced and for well-established targets,

TABLE 1. NordiQC Scoring Criteria
Score Scoring Criteria Scoring Status

Optimal The staining is considered perfect or close to perfect in all of the included tissues. Sufficient: passed
Good The staining is considered fully acceptable in all of the included tissues. However, the protocol may be optimized to

improve the proportion and/or staining intensity of cells demonstrated and/or optimize the technical quality as
signal-to-noise ratio, morphology, etc.

Sufficient: passed

Borderline The staining is considered insufficient, because of a generally too weak staining reaction, a false-negative/false-positive
result in one of the included tissues and/or inferior technical quality. The protocol should be optimized.

Insufficient: failed

Poor The staining is considered insufficient, because of a false-negative/false-positive result in 2* or more of the included
tissues and/or inferior technical quality.

The protocol should be optimized.

Insufficient: failed

*For type 2 IHC assays, 1 false-negative/false-positive result can be scored as poor.
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new purposes and associated new demands for the IHC
protocols required. In the period, 7 new biomarkers were
introduced and all gave an inferior pass rate compared
with the average level in the module as shown in Table 5.

The top 3 most successful biomarkers were CD3,
cytokeratin 7 (CK7), and CK20 with pass rates of 95%,
94%, and 94%, respectively. SOX10 showed the most
substantial improvement as the pass rate changed from
45% in the first assessment to 92% in the latest run. PAX8
showed a consistent low pass rate in the 4 runs conducted,
mean pass rate 45%, range 37% to 56%. The assessment
for p53 in run 63, 2021 gave a significant inferior pass rate
of 46% compared with 79% in the previous run 38, 2013.

The overall results obtained in the CDx module for
PD-L1 TPS/CPS initiated in 2017 were very similar to
the results for similar predictive and semiquantitative
type 2 IHC assays as ER and HER2, when they were
introduced in the NordiQC program and in detail de-
scribed in previous NordiQC publications13,14 As shown
in Figure 3, a pass rate of 50% was seen in the first
C1-run for PD-L1 TPS/CPS and after consecutive
repeats with possibility for the participants to adjust
the protocols, the pass rate gradually improved in the 9
successive assessments.

Similar to the data for HER2, FDA/CE-IVD-approved
CDx assays for PD-L1 TPS/CPS were more successful than
LDTs. For LDTs, the mean pass rate in the 10 runs was 71%
(range 20% to 91%), compared with 91% for CDx assays
(range: 80% to 95%). The CDx assays comprised 22C3—
SK006/GE006 (Agilent), 28-8—SK005 (Agilent), and SP263—
741-4905 (Roche) while LDTs based on concentrated or RTU
Abs without predictive claim.

In the CDx module, the segment for PD-L1 IC
score comprised 5 assessments from 2019 to 2021, with a
relatively consistent pass rate; a mean value of 65%
(range: 55% to 76%) was achieved. In contrast to the
TPS/CPS segment, indicating an interchangeability of
different PD-L1 CDx assays and identification of “best
practice” and successful LDTs, the CDx assay SP142,
741-4860 (Roche) outperformed both other PD-L1 as-
says as 22C3 SK006/GE006 (Agilent) and SP263 790-
4905 (Roche), as well as LDTs. Cumulated data for the 5
assessments for PD-L1 IC score revealed a mean pass
rate of 88% (range: 78% to 93%) for the CDx assay
SP142, 741-4860 (Roche), whereas other PD-L1 CDx

TABLE 2. Biomarkers Assessed in NordiQC 2017-2021

General Module
Breast
Module

Companion
Module

ALK-
LUNG (2)

CEA OCT3/4 ER (10) PD-L1 TPS/CPS
(10)

AMACR CGA p16 HER2 (10) PD-L1 IC score
(5)

ASMA (2) CK19 p40 PR (5) —
Bcl2 CK20 p53 — —
Bcl6 CK5 (2) p63 — —
BRAF CK7 PAX8 (4) — —
BSAP CK-LMW

(2)
PMS2 (2) — —

CD10 CK-PAN
(2)

Podop — —

CD117 (2) CMYC S100 (2) — —
CD15 CR S100 — —
CD23 ECAD SATB2 — —
CD30 EPCAM SMAD4 — —
CD31 (2) ERG SMH — —
CD45 GATA3 (2) SOX10 (2) — —
CD5 MLA (3) SYP — —
CD56 MLH1 (2) TdT — —
CD68 MSH2 (2) TTF1 — —
CD79a MSH6 (2) UP — —
CD8 MUM1 VIM — —
CDX2 NKX3.1 (2) WT1 — —

Number in brackets indicate number of repeats.
TPS/CPS indicates tumor proportion score/combines positive score.
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FIGURE 2. Assessment scores in the 3 Nordic immunoh-
istochemical quality control immunohistochemistry modules
2017-2021.

TABLE 3. Harmonization of Protocols and Pass Rates for ER
Among NordiQC Participants
Run No. 8 B1 B15 B32

Year 2003 2006 2013 2021

Ready-To-Use antibody (%) 17 20 66 88
Alkaline buffer for HIER (%) 75 85 94 96
Multimer/polymer detection system (%) 61 71 93 99
Fully automated IHC platform (%) 4 24 59 89
Pass rate (%) 50 75 77 89

HIER indicates heat-induced epitope retrieval.

TABLE 4. Pass Rates and Features of Insufficient Results for ER,
PR, and HER2 IHC. NordiQC, 2017-2021

Insufficient Results

FN (%) FP (%) TQ (%) Mean Pass Rate, n (%)

ER 86 5 9 89 (70-94)
PR 50 40 10 92 (85-99)
HER2 63 12 25 90 (76-97)

Parentheses indicate range in the assessments performed.
*FN: false negative, FP: false positive, TQ: technical quality.
CDx indicates companion diagnostic assays; LDTs, laboratory developed tests.
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assays and LDTs provided a mean pass rate of 20%
(range 0% to 74%).

The insufficient results in the segment for PD-L1
TPS/CPS have mainly been characterized by false-
negative test results, whereas insufficient results in the
PD-L1 IC score segment most frequently caused by read-
out challenges related to excessive staining reaction
of tumor cells compromising the scoring of PD-L1 in
immune cells (Table 6).

DISCUSSION
Concordant with previously published NordiQC

data,13,14 the current data for 2017-2021 emphasizes that
laboratories still face challenges to implement and vali-
date/verify IHC methods. The overall pass rate of 79%
was improved compared with the level of 71% obtained in
the period 2003-2015, which is encouraging, but in the
time of precision medicine the need to further ensure IHC
test accuracy and precision is warranted. The improve-
ment may be attributed to several parameters as enhanced
internal quality management, access to refined products/
instrumentation for IHC, and participation in EQA pro-
grams and publications providing all stakeholders within
IHC guidelines how to optimize and validate/verify IHC
methods.4,15–17

A certain harmonization and consolidation of IHC
“best practice” methodology has emerged as shown for
ER (Table 3). In all the three NordiQC modules, a clear
trend toward the use of full automation, application
of RTU Abs, CDx assays and general use of an IHC

protocol backbone based on efficient heat-induced
epitope retrieval, and sensitive/specific detection systems.
Especially, the application of CDx assays used in
compliance with instructions for use has been imperative
for the high and consistent pass rates for both HER2 and
PD-L1 and shown to be a clear asset for precision testing
for precision medicine for these 2 biomarkers. Per se, the
analytical part of IHC within pathology is transitioning
from LDT based to a “black box kit testing” approach
similar to other laboratory disciplines as clinical chemistry
with all the pros and cons associated. The central element
for both LDTs and IHC kits is anchored on the Fit-
For-Purpose concept and if an IHC biomarker test is
developed accurately with a clear intended purpose, this
facilitates the process. For well-established biomarkers
with a relatively narrow purpose as CD3, CD79a, CK7,
CK20, and SOX10, pass rates of 92% to 95% were
obtained. In contrast, a significant inferior performance
and pass rates were achieved for biomarkers with multiple
diagnostic purposes as Pan-CK, CK5, and Melan A. As
example, the assessment run 49, 2017 for Melan A with
focus on demonstration of this target analyte in both
melanoma and sex cord tumors revealed a pass rate of
60%, whereas a pass rate of 88% was obtained in run 60,
2020 focussing only on melanomas. The inferior pass rate
in the assessment including sex cord tumors was related to
LLOD being much lower in this entity compared with the
level needed for melanomas and the methods applied by
the participants were mainly calibrated for lesions with
high expression levels and not adequately optimized for
the LLOD in sex cord tumors.

In this context, refined needs and read-out criteria of
existing IHC biomarkers might influence the performance of
IHCmethods. In this context, IHC for p53 was historically a
biomarker for TP53 mutations demonstrating a nuclear
overexpression of the p53 protein caused by missense mu-
tation and, for example, accordingly used in Barret
esophagus.27 Recently, it was discovered that for gyneco-
logical pathology, other TP53 mutations occurred causing
absence/null expression of nuclear p53 protein or p53
protein mainly being localized in the cytoplasmic
compartment.28,29 In run 63, 2021, the NordiQC assessment
for p53 addressed the use of IHC for p53 in tubo-ovarian
carcinomas and included samples with both missense mu-
tations causing p53 overexpression and mutations causing
p53 absence. The pass rate declined significantly to 46% in
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FIGURE 3. Pass rates for programmed death-ligand 1 tumor
proportion score/combined positive score in Nordic im-
munohistochemical quality control, 2017-2021. CDx indicates
companion diagnostic assays; LDTs, laboratory developed tests.

TABLE 5. New Biomarkers Introduced in NordiQC, 2017-2021
Target Pass Rate (%) Participants

BRAF 72 135
C-MYC 57 172
ERG 67 130
NKX3.1 65 49
SATB2 58 105
SMAD4 42 52
URO II/III 45 66

TABLE 6. Pass Rates and Features of Insufficient Results for
PD-L1. NordiQC 2017-2021

Insufficient Results

FN (%) FP (%) TQ (%) Mean Pass Rate, n (%)

PD-L1 TPS/CPS 74 10 16 79 (50-91)
PD-L1 IC score 36 6 58 65 (60-76)

Parentheses indicate range in the assessments performed.
FN indicates false negative; FP, false positive; IC score, tumor-infiltrating

immune cell area score; TPS/CPS, tumor proportion score/combined positive score;
TQ, technical quality.
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contrast to 79% in the previous run focusing only on p53
nuclear overexpression. The results clearly indicated that the
IHC methods both LDTs and RTU kits were mainly de-
veloped for p53 overexpression, but not calibrated to iden-
tify mutations causing absence/null expression and hereby
not applicable as accurate predictor of TP53 mutations and
surrogate for molecular testing and revalidation warranted.

The access to and application of sensitive and
specific primary Abs is essential for the quality of IHC for
any biomarker, and EQA data can reveal which Abs/
clones for a given biomarker to be used to give reliable
results and also indicate which to be avoided. This was in
particular relevant for SOX10, in which a pass rate of 45%
was obtained in the initial run 45, where polyclonal Abs
(pAbs) gave a pass rate of 14% in contrast to monoclonal
Abs (mAbs) giving a pass rate of 73%. In the recent run
60, 2020 for SOX10 a pass rate of 92% was seen and a
contributing factor being the extended use of mAbs by
98% of the participants on the expense of pAbs being used
by 42% in the first run. The lack of access to reliable Abs
have shown to be an obstacle to improve the performance
of certain biomarkers assessed. For PAX8, and despite
maintaining the same purpose of the IHC test and being
repeated 4 times in the period 2017-2021, virtually no
improvement of the results for PAX8 have been made. At
present, only few specific PAX8 Abs are available,
whereas most vendors offer PAX8 Abs cross-reacting with
PAX2, PAX5, and PAX6 causing mischaracterization and
lack of reproducibility in the testing and reporting of
PAX8 in tumors.30,31 Both the NordiQC data and several
studies have revealed that the apparent PAX8 expression
in many tumors as thymomas, lymphomas, breast carci-
noma, and medullary thyroid carcinomas is caused by
cross-reaction of certain Abs to especially PAX5 in B cells
and PAX6 in neuroendocrine cells.32,33

A central factor impacting the overall pass rate of an
IHC biomarker is also related to the robustness of the
commercial available antibodies and performance on the
different IHC instruments or platforms. For the successful
biomarkers CD3, CD79a, CK7 and CK20 several anti-
bodies are available providing the expected performance
on both semi- and fully-automated IHC platforms,
whereas for e.g. Melan-A and PAX8 the most widely used
antibodies have an inferior performance on most com-
monly used fully-automated platforms.31

For virtually all biomarkers evaluated in NordiQC, it
was found possible to develop IHC methods with accurate
analytical capabilities. However, it is not only the goal to
develop and validate the methods, but there is also a huge
need to identify tools to monitor the reproducibility of the
results. In this aspect, the use of iCAPCs is valuable and
applicable for many biomarkers, and a great number of
normal tissues can be used as descriptive control for LLOD,
for example, hepatocytes for Pan-CK,20 follicular dendritic
cells for ER,21,34 etc. In order to aid laboratories to monitor
the reproducibility and consistency of their IHC methods,
NordiQC has designed an online “map of tissue controls”
being available at www.nordiqc.org, with scanned slides and
decriptions of expected results in the tissues to verify LLOD

and basic specificity of almost 100 IHC biomarkers.
However, for many important “semiquantitative” bio-
markers as HER2 and PD-L1, no reliable iCAPCs or al-
ternative documented controls have been identified. One of
the emerging tools with potential to be “the missing brick”
might be the calibrators developed by Steve Bogen19 and
associates. In short, the concept is based on several mi-
crobead pellets coated with a range of different concen-
trations of the target analyte enabling the option to measure
the LLOD of a given IHC test and then correlate this to the
relevant LLOD as determined by a validated IHC test. This
will in theory induce a tool or calibrators to objectively
evaluate IHC test reproducibility and can be implemented in
the entire IHC life cycle from development, validation, and
final method transfer for routine diagnostics. Analogue to
microbeads serving as reference standard materials or cali-
brators for IHC, studies to use cell lines in combination with
image analysis show promising potential as standardization
tools for IHC.35,36 The identification of suitable cell lines,
characterization of critical expected levels of a certain bio-
marker by validated IHC assays in the cell lines, and an
objective image analysis algorithm will without question be
huge asset to monitor IHC test reproducibility both by
laboratories and EQA programs.

The working principles for NordiQC and IHC
quality assessment have till now been based on expert
evaluation conducted by a group of assessors evaluating
the performance of the the participants results. This
process is and has been effective for many diagnostic and
predictive IHC biomarkers, but also shown to be labori-
ous and in addition a more objective and granular eval-
uation for especially semi-quantitative biomarkers as ER,
HER2 and PD-L1 is warranted. The use of DIA has been
documented to be a promising tool for reproducible and
objective biomarker scoring as alternative to the manual
biomarker scoring methods and might be of high value
also within EQA programs to document and measure the
accuracy of submitted IHC biomarker results comparing
these objectively to the expected and critical reference
levels separating positive versus negative results by ap-
plying the different relevant treshholds.37 However, the
use of DIA both for diagnostic use and for EQA must be
validated and followed by meticulous quality control
when replacing existing scoring methods.38

The quotation by Clive Taylor back in 2000
“Immunohistochemistry is technically complex, and
no aspect of this complexity can be ignored, from the
moment of collecting the specimen to issuance of the
final report” is still after 22 years highly valid and been
confirmed by the lessons learned, challenges taken, and
actions made in the NordiQC EQA program for IHC.
We still need further progress in the standardization of
IHC, but especially for present predictive biomarkers
based on IHC, the analytical aspect is now on a high
qualitative level. With this in place and potential of the
rapidly growing and evolving area of digital analysis and
artificial intelligence to aid pathologist in the read-out,
IHC will also in the next decades be a central element in
precision diagnostics.
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