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REVIEW OF A DECADE OF IHC QUALITY — EXPECTATIONS,
DISAPPOINTMENTS, AND CHALLENGES IN COMMONLY USED
ASSAYS BASED ON NORDIQC EXPERIENCE
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NordiQC, Department of Pathology, Aalborg University Hospital, Aalborg, Denmark

Immunohistochemistry (IHC) has undergone substantial expansion during the past
decades, with an increasing number of assays becoming essential to routine diagnos-
tic, prognostic, and predictive pathology. Parallel to this development, external qual-
ity assessment (EQA) programs have accumulated extensive experience regarding
the real-world performance of commonly used IHC assays across laboratories. This
review summarises observations derived from the Nordic Immunohistochemical
Quuality Control Program and its EQA activities over the last 10 years, focusing on
expectations, recurring disappointments, and emerging challenges in IHC testing.
Particular attention is given to the analytical and diagnostic accuracy and quality
of IHC assays being impacted by protocol variability and the need to align IHC
methods to evolving clinical purposes. The accumulated experience demonstrates
that while overall pass rates are acceptable for many markers, significant and recur-
rent limitations persist, particularly when assays are repurposed or when analytical
sensitivity requirements change. These findings underline the continued need for
critical assay validation, identification and application of appropriate controls, and
evidence-based standardisation of IHC in the era of precision diagnostics.
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Introduction

Immunohistochemistry (IHC) remains a corner-
stone of diagnostic surgical pathology, supporting
tumour classification, prognostic assessment, and
increasingly therapeutic decision-making. Over
the past decade, the applicational range of IHC has
expanded considerably, driven by advances in target-
ed therapy, companion diagnostics, and refined bio-
marker stratification. This expansion has resulted in
a growing number of predictive assays being imple-
mented in routine workflows, often under substantial
time and resource constraints.

External quality assessment (EQA) programs pro-
vide a unique perspective on the real-world perfor-

mance of THC assays. External quality assessment
testing is an important tool for providing an objec-
tive assessment of the technical and analytical com-
petence of participating laboratories. It evaluates
the comparability and reproducibility of tests among
laboratories and measures performance against estab-
lished reference values. For IHC assays, real-world
data on performance under routine testing condi-
tions, including the selection of antibodies, detection
systems, and IHC platforms, can be extracted. This
enables the identification of best practice methodolo-
gies and supports the harmonisation of testing results
across laboratories.

The Nordic Immunohistochemical Quality Con-
trol (NordiQC) Program, established in 2003, is
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a non-profit EQA organisation that has conducted
systematic proficiency testing in IHC for more than
two decades {1}. This activity is guided by the over-
arching mission of improving the quality of IHC and,
through this, supporting patient safety as well as ac-
curate diagnostics and treatment selection.

The present review provides a reflective synthesis
of NordiQC experiences from approximately the last
10 years. Rather than only aiming to define optimal
protocols, the article highlights expectations vs. ob-
served performance, recurrent failure modes, and
emerging challenges encountered as IHC adapts to
new clinical purposes.

NordiQC external quality assessment:
scope and methodology

NordiQC conducts regular proficiency testing
cycles covering routine diagnostic markers, breast
cancer biomarkers, HER2 7z sitx hybridisation (ISH),
and selected companion diagnostic biomarkers. Its
non-commercial framework enables independent
evaluation of testing performance across IHC assay
and product providers, IHC platforms, and labora-
tories, with publicly available results and structured
individual feedback to participating laboratories.
Participation in the program is offered on a cost-
recovery basis, with fees intended to cover operational
expenses without any profit motive. Typically, labora-
tories receive unstained sections of tissue microarrays
with 5-10 different tissue samples covering relevant
normal and neoplastic tissue materials, and they per-
form IHC on these using their routine protocols for
the biomarker to be evaluated. Results are assessed
by expert evaluators comparing each result submit-
ted against reference slides with predefined evaluation
criteria including described expected test performance
characteristics. All reference slides and expected re-
sults are based on validated reference standard THC
assays. Each result evaluated is graded according to
both the technical quality, such as morphology, ease
of read-out and counterstaining, and the analytical
and diagnostic quality, evaluating whether the assay
has been calibrated for the intended purpose. Detailed
reports including recommended protocols and recom-
mended tissue controls are made publicly available.
In addition, each participating laboratory receives
an individual performance assessment expressed as
a NordiQC grade (Passed — sufficient; optimal, good.
Failed — insufficient; borderline or poor). For results
graded other than optimal, the assessment is sup-
plemented with brief expert comment highlighting
potential analytical limitations and indicating, based
on the applied protocol settings, aspects that could
reasonably be adjusted to improve performance {2}].

During the last decade, NordiQC has evaluated
tens of thousands of IHC stains across different

106

modules. Overall pass rates were around 80%, with
failure rates of approximately 20%, showing mi-
nor variation between years and modules {2, 3}.
Because the data are collected from many laboratories
over multiple assessment rounds, they allow identi-
fication of recurring patterns rather than isolated
mistakes in individual laboratories.

Importantly, NordiQC assessments are designed
to evaluate whether THC assays are calibrated and
aligned for their analytical and diagnostic fit-for-
purpose performance. Consequently, observed short-
comings often reflect misalignment between the lev-
el of sensitivity provided by the assay and the level
required for clinical use. In addition to the eval-
uation of assay calibration, NordiQC also provides
assessment of the technical quality of the IHC re-
sults. A technically inadequate result, for example
caused by severely impaired morphology or a poor
signal-to-noise ratio, can have a negative impact on
the read-out and thereby compromise the reliability
of the testing outcome.

General performance trends and recurrent
failure modes

Across markers and modules, the majority of in-
sufficient results were characterised by staining that
was too weak or false-negative reactions, accounting
for approximately 75-90% of failures. False-positive
results constituted a smaller proportion, while severe
technical artefacts such as impaired morphology or
poor signal-to-noise ratio were relatively uncommon.

These findings underscore that inadequate analyt-
ical sensitivity remains the dominant limitation and
challenge in routine IHC testing. In many instances,
protocols that perform adequately for patient samples
with high-expressing levels of the target analyte fail
when applied for samples with lower but still clinical-
ly relevant expression levels. This is a recurring pat-
tern observed across multiple markers and platforms,
highlighting the need to calibrate IHC assays on ev-
idence-based optimisation with attention paid to di-
agnostic purpose and associated critical range of ex-
pression levels rather than having a narrower window
typically focusing on high-level expressing samples.

The existence of clone-specific performance issues
is also evident. NordiQC data have identified a group
of primary antibody clones associated with recur-
rent poor performance. Such observations emphasise
the importance of antibody selection as a critical de-
terminant of assay performance. If a robust, high-
affinity, and specific antibody is selected, the IHC
method set-up is less critical, and a high-quality re-
sult can be obtained using many different settings.
In contrast, if a less robust, less sensitive, or less spe-
cific antibody is selected, the basis for a reproducible
result is compromised and the IHC end result will
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typically be of poor quality despite many different
and complex protocol settings being tested. In short:
garbage in, garbage out {4}.

Evolving knowledge and shifting
expectations: p53

The p53 IHC assay exemplifies how changing
biological understanding directly influences assay
performance requirements. Over time, recognition
of distinct p53 expression patterns corresponding to
different TP53 mutation types has increased expecta-
tions regarding both analytical sensitivity and inter-
pretive accuracy.

NordiQC assessments have demonstrated substan-
tial variation in pass rates depending on protocol de-
sign and p53 expression patterns to be demonstrated,
reflecting the undetlying different TP53 mutations.
Concentrated antibodies and modified ready-to-use
(RTU) protocols have generally outperformed unmod-
ified RTU protocols, particularly in assessments con-
ducted since 2021. Notably, pass rates for RTU systems
used strictly according to manufacturer-recommended
settings were markedly lower than those achieved with
adjusted protocols in recent assessment rounds.

These observations do not imply inherent inferi-
ority of RTU systems but rather reflect the historical
context in which currently available RTU p53 assays
were developed and validated. At the time of their
introduction, p53 THC was primarily applied to de-
tect overexpression patterns, and assay calibration was
therefore optimised for this purpose and for which
these assays still perform reliably {3}. Subsequent ad-
vances in the understanding of TP53-related biology
have, however, identified additional and more subtle
yet clinically relevant expression patterns, including
complete absence of staining and aberrant cytoplasmic
localisation, which correlate with specific molecular
alterations {5, 6]. Detection of these patterns places
substantially higher demands on analytical sensitiv-
ity and dynamic range. As a consequence, present
commercially available RTU assays used in a strict
plug-and-play manner may fail to capture these ex-
pression profiles and require recalibration or protocol
adjustment to remain fit for current clinical purposes
(Figure 1). The increasing dominance of RTU systems
by the NordiQC participating laboratories, combined
with declining use of concentrated antibodies, further
amplifies the impact of these limitations.

Antibody choice and evidence-based
adaptation: SOX10

The SOX10 assessments provide a contrasting ex-
ample in which evidence-based adaptation led to mea-
surable improvement. NordiQC data demonstrated
a clear association between antibody clone and assay

performance, with monoclonal antibodies consistently
outperforming polyclonal antibodies across multiple
runs (Figure 2). In the initial 2 NordiQC assessment
runs for SOX10, protocols based on monoclonal an-
tibodies provided an overall pass rate of 74%, com-
pared to only 10% for protocols based on polyclonal
antibodies (only focusing on antibody origin and not
taking any other parameters into consideration, such
as titre, HIER, detection system, IHC platform, ezc).

Following dissemination of these findings, lab-
oratories increasingly adopted monoclonal SOX10
antibodies, resulting in improved pass rates in sub-
sequent assessments. This experience illustrates that
EQA data can support rational decision-making and
performance improvement when laboratories are
willing to modify established practices {71.

Fit-for-purpose immunohistochemistry: ALK

The concept of fit-for-purpose ITHC is central to
NordiQC principles and has become increasingly rel-
evant within the IHC community as assays often are
repurposed for new clinical contexts. ALK THC exem-
plifies this challenge. Originally developed for the de-
tection of high antigen expression in lymphomas, ALK
IHC assays are now required to detect substantially
lower expression levels associated with eligibility for
targeted therapy in non-small cell lung cancer. Not-
diQC assessments have demonstrated that protocols
and antibody clones optimised for one clinical purpose
may be inadequate for another, despite acceptable per-
formance in their original context (Figure 3).

Shifting expectations driven by improved
performance: Melan A

Melan A illustrates how the availability of assays
with improved analytical performance can shift di-
agnostic expectations. NordiQC internal data and
published observations have shown that the widely
used A103 clone displays lower diagnostic sensitiv-
ity compared with newer Melan A antibody clones
in melanoma detection. As higher-performing assays
have become available, staining results that were pre-
viously considered acceptable are no longer sufficient,
reflecting an upward shift in analytical expectations
based on what is technically achievable (Figure 4).

Importantly, clone selection for Melan A remains
purpose dependent. While newer clones provide supe-
rior sensitivity for melanoma detection, A103 retains
a specific diagnostic role due to its reactivity in sex
cord-stromal tumours, a feature not shared by oth-
er clones {8}. This duality highlights that improved
performance for one diagnostic area does not nec-
essarily imply universal replacement and reinforces
the need to align antibody choice with the intended
clinical application.
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Together, these examples illustrate that assay Therapy-driven redefinition of analytical
validation cannot be static. As clinical applications requirements: HER2
evolve and assay performance improves, expectations

must be reassessed accordingly to ensure that THC HER2 IHC represents one of th? most striking
remains fit for its intended purpose. examples of therapy-driven changes in assay expec-
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Figure 1. p53 staining reactions in endometrial carcinoma and normal tissue control using two immunohistochemistry
assays with different analytical sensitivity Comparison of an optimised, laboratory-modified protocol based on the p53
mouse monoclonal antibody clone DO-7 as ready-to-use (RTU) format using the OptiView detection system (A, C, E, G, I)
and a vendor-recommended protocol based on the same DO-7 RTU format using the UltraView detection system (B, D,
F, H, ]). Panels A, C, E, G, I were stained using the same optimised protocol, while panels B, D, F, H, J were stained using
the same vendor-recommended protocol. A, B) Endometrial carcinoma with NGS-documented TP53 missense mutation.
A) Using the optimised protocol, the tumour shows a p53 overexpression pattern with strong, diffuse nuclear staining reaction
in the neoplastic cells. B) Using the vendor-recommended protocol, a similar p53 overexpression pattern is demonstrated.
C, D) Endometrial carcinoma with NGS-documented absence of pathogenic TP53 variants (wild-type TP53). C) With
the optimised protocol, a p53 wild-type staining pattern is observed, characterised by heterogeneous nuclear staining re-
action in most tumour cells. D) With the vendor-recommended protocol, the staining reaction in tumour cells is markedly
reduced, with only a few cells showing very faint nuclear staining reaction. This pattern carries a significant risk of mis-
interpretation as a p53 absence pattern. E, F) Endometrial carcinoma with NGS-documented TP53 mutation affecting
the nuclear localisation domain. E) Using the optimised protocol, the expected faint cytoplasmic staining reaction for p53
is observed in the neoplastic cells. F) Using the vendor-recommended protocol, reduced analytical sensitivity again results
in loss of detectable staining reaction, creating a risk that the case would be misclassified as p53 absence type
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Figure 1. Cont. G, H) Endometrial carcinoma with NGS-documented TP53 mutation resulting in a premature stop
codon. G) With the optimised protocol, complete absence of p53 staining reaction is seen in carcinoma cells, while lym-
phocytes, stromal cells, and endothelial cells show a wild-type nuclear staining reaction, confirming adequate assay perfor-
mance through internal positive controls. H) With the vendor-recommended protocol, both carcinoma cells and internal
control cells are negative. A technical failure of the immunohistochemistry assay or pre-analytical issues cannot be excluded.
1, J) Tonsil used as normal control tissue. I) Using the optimised protocol, a weak to moderate nuclear staining reaction is
seen in most germinal centre B-cells, while fewer than 50% of mantle zone B-cells are positive. J) Using the vendor-recom-
mended protocol, fewer than 50% of germinal centre B-cells show nuclear p53 staining reaction compared with the opti-
mal result in (I), assessed in the same area. Overall, this figure illustrates that reduced analytical sensitivity may still allow
recognition of p53 overexpression but substantially compromises correct interpretation of wild-type, cytoplasmic, and

absence-type p53 staining patterns

All slides and protocols were performed on the Ventana/Roche BenchMark Ultra platform.

tations. Traditionally, HER2 testing aimed to iden-
tify strong overexpression associated with gene am-
plification. Recent therapeutic developments with
antibody-drug conjugates (ADC) have introduced
the clinically relevant categories of HER2-low and
HER2-ultralow expression {9, 101.

NordiQC assessments have shown that proto-
cols producing acceptable results for classical HER2
overexpression frequently lacked sufficient analytical
sensitivity to reliably classify HER2-low tumours.
Analyses of assessment data indicate that introduc-
tion of HER2-low and HER2-ultralow criteria would
markedly reduce overall pass rates, as a substantial
proportion of assays that currently pass classical
HER?2 assessments lack sufficient analytical sensitiv-
ity to meet the requirements for HER2-low classifi-
cation (Figure 5). The inferior pass rate and reduced
inter-laboratory reproducibility of HER2 ITHC test-

ing for HER2-low and ultralow is without question
in part caused by a reduced option to validate or ver-
ify the IHC assays for the new purpose. For classical
HER2-positive disease, HER2 IHC results can be
checked against another validated IHC assay or con-
firmed by ISH, because HER2 gene amplification is
the basis of the classification. This makes IHC assay
validation and verification relatively robust.

For HER2-low and HER2-ultralow status, the sit-
uation is different. Immunohistochemistry is used
to separate HER2-low and HER2-ultralow to be
offered ADC treatment from HER2 null not being
qualified for the drug. Iz sitx hybridisation has limit-
ed value because these categories are not defined and
separated by amplification status, apart from being
without HER2 gene amplification. At present, IHC
is therefore the only practical method for identifying
these patients. As a result, validation and verification
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of THC assays for HER2-low and HER2-ultralow
depend largely on access to reference samples with
well-characterised HER2 expression levels.

This limitation likely contributes to the lower
pass rates and poorer inter-laboratory reproducibility
seen with HER2 THC testing in the HER2-low and
HER2-ultralow setting.

It also highlights an important problem: assays
developed for earlier clinical definitions may system-
atically misclassify cases when applied to these newer
categories. Such misclassification may go unnoticed
unless EQA materials are specifically designed to

.
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represent the lower range of HER2 expressions and
are used to confirm that IHC assays are calibrated to
detect these clinically relevant levels.

Controls and standardisation challenges

Effective quality assurance depends on the use of
appropriate controls that reflect clinically relevant
expression levels. NordiQC has emphasised the ap-
plication of IHC critical assay performance controls
(iCAPC) {11} to evaluate the performance of IHC
assays concerning analytical sensitivity with empha-
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Figure 2. SOX10 staining reactions in normal tissue controls and malignant melanoma using two immunohistochemistry
assays with different analytical sensitivity and specificity Comparison of an optimised protocol based on the monoclonal
antibody (mAb) clone BC34 (A, C, E, G, I) and an insufficient protocol based on a polyclonal antibody (pAb) 383 A, Cell
Marque (B, D, F, H, J). Panels A, C, E, G, I were stained using the same optimised protocol, while panels B, D, F, H, J
were stained using the same insufficient protocol. Optimised protocol: mAb clone BC34 diluted 1:40, heat-induced epitope
retrieval (HIER) in CC1 pH 8.5 for 48 min, a 3-step multimer-based detection kit. Insufficient protocol: pAb 383A diluted
1:25, HIER in CC1 pH 8.5 for 32 min, a 3-step multimer-based detection kit. A, B) SOX10 staining reaction in skin.
A) Using the optimised BC34 protocol, virtually all melanocytes show a strong, distinct nuclear staining reaction. No back-
ground reaction is observed. B) Using the pAb-based protocol in the same field as in (A), melanocytes are identified, but
aberrant cytoplasmic staining reaction is seen in squamous epithelial cells. C, D) SOX10 staining reaction in breast hyper-
plasia. C) With the optimised BC34 protocol, all myoepithelial cells show a moderate to strong nuclear staining reaction,
without background staining. D) With the insufficient pAb-based protocol in the same field as in (C), myoepithelial cells
are demonstrated, but the staining intensity is reduced compared with the expected level

The staining pattern observed in B, D, ¥, H, J was consistently seen with all polyclonal antibodies tested for SOX10. A low affinity for the specific nuclear SOX10 anti-
gen combined with cross-reactivity to a cytoplasmic protein resulted in a low signal-to-noise ratio and insufficient analytical performance.

All stainings were performed on the Ventana/Roche BenchMark Ultra platform.
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Figure 2. Cont. E, F) SOX10 staining reaction in malignant melanoma, high-level expressor. E) Using the optimised
BC34 protocol, virtually all neoplastic cells show a moderate nuclear staining reaction. A weak cytoplasmic staining re-
action is present, but no staining reaction is seen in background or in cells lacking nuclear SOX10 expression. F) Using
the insufficient pAb-based protocol in the same field as in (E), neoplastic cells display only a weak nuclear staining reaction.
G, H) SOX10 staining reaction in malignant melanoma, low-level expressor. G) With the optimised BC34 protocol, the ma-
jority of neoplastic cells show a weak to moderate nuclear staining reaction, without background staining. H) With the in-
sufficient pAb-based protocol in the same field as in (G), only scattered neoplastic cells show a weak and questionable stain-
ing reaction. I, J) SOX10 staining reaction in colon. I) Using the optimised BC34 protocol, Schwann cells show a strong
nuclear staining reaction, with no background staining. J) Using the insufficient pAb-based protocol, only a weak specific
nuclear staining reaction is seen in Schwann cells, accompanied by aberrant cytoplasmic staining reaction in epithelial cells
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Figure 3. ALK staining reactions in normal tissue control and four different ALK-positive neoplasms using two vendor-
recommended ready-to-use immunohistochemistry assays based on different primary antibodies. Comparison of staining
performance obtained with the rabbit monoclonal antibody (rmAb) clone DSF3 as ready-to-use (RTU) format (Ventana/
Roche, 790-4794) using the Ventana/Roche BenchMark platform (A, C, E, G) and the mAb clone ALK1 as RTU format
(Dako/Agilent, GA641) using the Dako/Agilent Omnis platform (B, D, F, H). All protocols were applied according to
vendor-recommended settings. A, B) ALK staining reaction in appendix. A) Using the D5F3 protocol, optimal staining
result is observed in the myenteric plexus, with ganglion cells showing a moderate to strong, distinct cytoplasmic staining
reaction and axons displaying a weak to moderate staining reaction. B) Using the ALK 1 protocol in the same field as in (A),
both ganglion cells and axons are unstained, demonstrating insufficient analytical sensitivity. C, D) ALK staining reaction
in anaplastic large cell lymphoma with ALK rearrangement. C) With the DSF3 protocol, the neoplastic cells show an
intense nuclear and cytoplasmic staining reaction. D) With the ALK1 protocol, the neoplastic cells are demonstrated,
but both the staining intensity and the proportion of positive cells are markedly reduced compared with (C), despite
assessment of the same tumour area. E, F) ALK staining reaction in lung adenocarcinoma with ALK rearrangement.
E) Using the DSF3 protocol, most neoplastic cells show a moderate to strong granular cytoplasmic staining reaction, with
no background staining. F) Using the ALK1 protocol in the same field as in (E), the neoplastic cells are false negative.
G, H) ALK staining reaction in Merkel cell carcinoma. G) With the D5F3 protocol, virtually all neoplastic cells show
a strong granular cytoplasmic staining reaction, with no background staining. H) With the ALK1 protocol in the same
field as in (G), the neoplastic cells are false negative
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sis on low limit of detection (LLOD), basic analytical
specificity, and thereby test reproducibility. The tis-
sues and cell populations are particularly selected
with special attention to possess descriptive LLOD
levels of the specific biomarker to be analysed and
consequently sensitive to identify changes in analyti-
cal performance of the IHC assay.

NordiQC experience underscores the importance
of correct control tissue selection, application, and
interpretation, because the use of inadequate controls
or controls lacking defined limits of detection may

mask the identification of protocols with insufficient
analytical sensitivity and thereby lead to unintended
clinical consequences.

For many important biomarkers, such as HER2,
Claudin 18.2, and PD-L1, no tissue materials with
reliable iCAPC characteristics to monitor IHC testing
reproducibility have been identified. An emerging
tool involves using calibrators consisting of microbe-
ad pellets coated with a range of different concen-
trations of the target analyte {12}. This approach al-
lows for measuring the LLOD of a given IHC assay

and correlating it with the reference standard LLOD
A gt determined by a validated IHC test. The goal is to
create a tool or calibrator set that can objectively
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Figure 4. Melan A staining reactions in normal tissue control and malignant melanoma using two immunohistochemistry
assays with different analytical sensitivity Comparison of an optimised laboratory protocol based on the monoclonal an-
tibody (mAb) clone BS52 used as a concentrate (A, C, E, G) and an insufficient laboratory-developed protocol based on
the mAb clone A103 used as a ready-to-use (RTU) format (B, D, F, H). Panels A, C, E, G were stained using the same
optimised protocol, while panels B, D, F, H were stained using the same insufficient protocol. A, B) Melan A staining
reaction in skin. A) Using the optimised BS52 protocol, virtually all melanocytes show a strong cytoplasmic staining
reaction, with melanocytic dendrites being weak to moderately labelled. B) Using the A103-based protocol in the same
field as in (A), only dispersed melanocytes are demonstrated, staining intensity is markedly reduced, and melanocytic den-
drites are mostly negative. C, D) Melan A staining reaction in malignant melanoma demonstrating low expression level.
C) With the optimised BS52 protocol, virtually all neoplastic cells display a weak to strong cytoplasmic staining reaction.
D) With the insufficient A103-based protocol, the majority of neoplastic cells are false negative or show only a weak to
moderate cytoplasmic staining reaction, compared with (C)

Nevertheless, the protocol is considered unreliable due ro its low analytical sensitivity, which may risk misdiagnosis of melanomas, as illustrated by comparison of (C, D).
Optimised protocol: mAb clone BSS2 as concentrate (1:200), efficient HIER) in an alkaline buffer (TRS High, Dako/Agilent) and a 3-step polymer-based detection
system
(EnVision Flex+, Dako/Agilent). Insufficient protocol: mAb clone A103 as RTU format (Ventana/Roche, 790-2990) applied as a laboratory-developed assay,
HIER in alkaline buffer (CC1, Ventana/Roche) for 48 min, primary antibody incubation for 56 min, and a 3-step multimer-based detection system (OptiView, 760-700,
Ventana/Roche).
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Figure 4. Cont. E, F) Melan A staining reaction in malignant melanoma demonstrating high expression level. E) Using
the optimised BS52 protocol, all neoplastic cells show a strong cytoplasmic staining reaction. F) Using the A103-based
protocol, most neoplastic cells show weak to strong staining reaction. G, H) Melan A staining reaction in kidney. G) With
the optimised BS52 protocol, tubular epithelial cells show the expected negative staining reaction, demonstrating pre-
served analytical specificity despite increased sensitivity. H) With the A103-based protocol, the tubules show the expected

staining pattern

evaluate the reproducibility of IHC assay through-
out the entire IHC life cycle, including development,
validation, routine diagnostics, and EQA. Like mi-
crobeads, cell lines with dynamic and critical clini-
cally relevant expression levels are being increasingly
developed to be applied as reliable control material
for many THC assays. Image analysis in combination
with suitable cell lines or microbeads have shown
promising results to serve as a supplementary tool to
evaluate IHC testing reproducibility {13].

Perspective and future directions

Over the past decade, EQA has revealed that THC
remains both robust and vulnerable at the same time.
Overall pass rates suggest acceptable general perfor-
mance, but persistent and recurrent limitations con-
tinue to challenge reliable clinical implementation.

Key conceptual advances include recognition
of fit-for-purpose assay design, increased awareness
of antibody-specific performance, and appreciation
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of analytical sensitivity. Remaining gaps include in-
sufficient adaptation of protocols to evolving clinical
definitions, inconsistent use of controls, and overreli-
ance on predefined RTU settings.

Future priorities should focus on integrating EQA
feedback into routine assay management, strengthen-
ing evidence-based antibody selection, and ensuring
that validation strategies explicitly address emerging
clinical needs. Rather than pursuing universal stan-
dardisation, realistic progress will require flexible
frameworks that accommodate biological complexity.
The end goal of IHC standardisation should be to
improve and ensure the reproducibility of IHC testing
results, while accepting that these may be generated
by different IHC assays and protocol settings.

Standardisation efforts are further complicated by
the transition from laboratory-developed tests to com-
mercially available RTU systems, driven in part by
regulatory changes such as the EU 7% vizro Diagnostic
Regulation. While RTU systems offer advantages in
terms of reproducibility and workflow integration,
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Figure 5. HER2 staining reactions in breast carcinoma illustrating the impact of analytical sensitivity on HER2 classical
overexpression and HER2-Low classification Comparison of two immunohistochemistry (IHC) assays for HER2 applied
to breast carcinoma tissue cores. A, C) Stained using the same validated and approved IHC assay for both HER2 classical
and HER2-Low (Ventana/Roche 4B5 RxDx, 790-7167) with adequate analytical sensitivity, while B and D were stained
using an IHC with reduced analytical sensitivity. A, B) HER2 staining reaction in breast carcinoma with a HER2/chr17
ratio of 3.33. A) Expected staining result. More than 10% of the neoplastic cells show a weak to moderate and complete
membranous staining reaction, corresponding to a HER2 score of 2+. B) Staining result in the same tumour core as in
(A) using a protocol with reduced analytical sensitivity. More than 10% of the neoplastic cells show a weak but complete
membranous staining reaction, still corresponding to a HER2 score of 2+. The proportion of positive cells and staining
intensity are reduced compared with (A), but the result remains acceptable for classical HER2 overexpression. C, D) HER2
staining reaction in breast carcinoma with a HER2/chr17 ratio of 1.35. C) Expected staining result as defined by the vali-
dated and approved THC assay for HER2-Low. More than 10% of the neoplastic cells show a weak and partial membranous
staining reaction, corresponding to a HER2 score of 1+. D) Insufficient staining result. Only very few neoplastic cells
show a very faint and partial membranous staining reaction, corresponding to a HER2 score of 0. Both the participant
and NordiQC scored the result in (D) as 0. Consequently, the tumour was categorised as HER2 0, demonstrating how
insufficient analytical sensitivity can lead to misclassification from the expected HER2-Low (1+) status to HER2 0

NordiQC experience indicates that complete proto- Disclosures

col closure may not be appropriate for all assay types.

In this context, it is also important to emphasise that 1. Institutional review board statement: Not applicable.
existing commercially available RTU assays are not 2. Assistance with the article: The authors acknowl-

consistently adjusted to new diagnostic purposes. edge the whole NordiQC team and the external
For ITHC, we need to start at the end by defin- assessors for their continuous contributions to im-

ing our expected results and then begin the process munohistochemistry quality assessment.

of transforming an antibody into an IHC assay with ~ 3- Financial support and sponsorship: None.

a specific intended purpose. 4. Conlflicts of interest: None.
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