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Ki-67 — a key biomarker for stratification
of breast cancer patients

Ssummary

« Ki-67is a clinically significant biomarker for stratification of breast cancer patients.

- The arrival of CDK4/6 inhibitors has driven an increasing need for precise patient
stratification, to ensure that each person receives targeted therapy likely to deliver maximum
benefit.

+ Immunohistochemistry (IHC) remains central to Ki-67 assessment, but its subjective nature
leads to variability and poor concordance between pathologists, limiting consistency,
particularly when Ki-67 expression is low.

« Quantitative molecular assays validated across multi-centre clinical studies, such as
MammaTyper®, provide high accuracy and sensitivity, offering greater confidence in the
assessment of Ki-67.

«  MammaTyper is a cost-effective assay that can be readily integrated into existing workflows
to refine patient stratification based on Ki-67 assessment.
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Uncontrolled proliferation is a hallmark of malignancy in oncology. It can be assessed by a
variety of methods, such as counting mitotic figures in stained tissue sections, incorporation

of labelled nucleotides into DNA, and flow cytometric evaluation of the fraction of the cells in

S phase,® but the most commonly used approach in breast cancer is IHC of the Ki-67 antigen.*
However, IHC is subjective, and standardisation between labs has proved difficult. This white
paper explores the limitations of the current approach to the assessment of Ki-67, and the
potential role of quantitative methods in overcoming these challenges and establishing
standardised testing.

Ki-67 is a nuclear protein expressed during all active phases of the cell cycle — G], S, G2 and M — but not
in the GO phase, when cells are dormant. Its expression directly correlates with the proportion of actively
dividing cells (Figure 1), making it a key biomarker for assessing tumour aggressiveness®”; higher

Ki-67 levels often indicate more aggressive and rapid disease progression. This allows stratification of
breast cancer patients into different risk categories, helping to direct treatment decisions and provide
an indication of potential prognosis. Furthermore, Ki-67 offers a way to assess and monitor patients’
initial and ongoing responses to therapy. Ki-67 suppression following (neo)adjuvant chemotherapy or
endocrine therapy can indicate treatment efficacy. Equally, ongoing Ki-67 expression can indicate a lack
of response, highlighting the need for an alternative therapeutic approach.” Ki-67 assessment is also
increasingly being used in clinical research as a means of evaluating the primary efficacy endpoint for
clinical trials#
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Figure 1: Ki-67 expression directly correlates with the proportion of actively dividing cells.

Several studies have demonstrated the value of Ki-67 for prognostic and post-treatment monitoring
of breast cancer, including monarchk? POETIC,®° NATALEE® and ADAPT," and its use is widespread in
Germany, where evidence-based Arbeitsgemeinschaft Gynakologische Onkologie (AGO) guidelines
apply. However, despite clear evidence of the importance of Ki-67 in aiding clinical decision making,
the lack of a robust, reliable and standardised methodology delivering concordant results between
laboratories remains a barrier to adoption.
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Ki-67 is generally evaluated by IHC, but wide variations in analytical practices have constrained its use.
Notably, there is no single, universally used ‘official’ Ki-67 cut-off in breast cancer care.*® In 201], the

St. Gallen Consensus Conference suggested a cut-off value of Ki-67 <14 % for luminal A-like breast cancers,®
below which neoadjuvant chemotherapy was not advised” — guidance that is still in use in some countries
today. By 2013, the position had changed, and the 14 % threshold was no longer supported. A cut-off

range of approximately 20 to 25 % was felt more appropriate to define ‘high’ Ki-67 for luminal B-like breast
cancers.® Two years later the recommendations changed again, with the St. Gallen panel accepting a

Ki-67 threshold range of 20 to 29 % to distinguish luminal B-like disease, stressing the importance of locall
laboratory calibration and lab-dependent interpretation rather than the adoption of a single universal cut-

off.®
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Figure 2: Breast cancer Ki-67 standard comparison (5,15, 20 and 30 %), images courtesy of Li L, Han D, Yu Y. et al?°

In practice, the most recent St. Gallen Consensus
thresholds (<5 % and >30 %) are used for IHC
surrogate subtyping (luminal A-like vs. luminal
B-like). Regulatory and trials use a cut-off of Ki-

67 220 % in early HR+/HER2- disease for adjuvant
CDK4/6 inhibitors. However, these values have
changed considerably over time, progressively
moving away from a single fixed number. Other
recent guidelines include those from the American
Society of Clinical Oncology (ASCO),? and the
International Ki-67 in Breast Cancer Working Group
(IKWG) 522 which suggested low and high cut-off
values of <6 % and >30 %, respectively.
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Another major challenge is that visual scoring of
IHC slides is inherently subjective, and so there are
concerns regarding robustness and reproducibility,
particularly at the low end of the scale. 2 While
scoring consistency for experienced individual
histopathologists is good, variability between
individuals tends to be unacceptably high, and
there is limited concordance between laboratories.®
With no standardised methodology, laboratories
often opt for a cut-off value of 20 % — in the middle
of the ‘grey zone’ — when making clinical decisions
regarding treatment, which may result in patients
undergoing unnecessary therapy, often with
significant side effects. As a consequence, Ki-67
assessment has been widely adopted in some
countries, but not at all in others.
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Recognising the need for a harmonised methodology

The need for standardisation was recognised by the IKWG as far back as 2011 but, in the absence of any
established quality assurance schemes, there was no way to ensure inter-laboratory comparability. The
direct application of specific cut-off values for clinical decision making could therefore only be considered
reliable when analyses were conducted in a highly experienced laboratory with its own reference data.
This led the IKWG to publish recommendations on preanalytical and analytical assessment — as well as
the interpretation and scoring — of Ki-67, with the aim of harmonising methodologies to enable greater
comparability between labs and studies*

More recently, the IKWG reviewed the evidence for Ki-67 IHC analytical validity and clinical utility in breast
cancer in 2020, concluding that:

Preanalytical handling considerations are critical

A standardised visual scoring method had been established and recommended for
adoption

Participation in, and evaluation of, quality assurance and quality control

programmes is recommended to maintain analytical validity

Ki-67 IHC has clinical validity as a prognostic marker in breast cancer, although its
clinical utility is evident only for prognosis estimation in anatomically favourable
oestrogen receptor-positive and HER2-negative patients, to identify those who do
not need adjuvant chemotherapy

A changing clinical picture

The need for a robust, reliable and standardised approach to the assessment of Ki-67 has become even
more important in recent years. This is due to the emergence of CDK4/6 inhibitors as promising treatments
for hormone receptor-positive breast cancers when endocrine therapies alone are insufficient to prevent
progression.? Used in combination with drugs such as tamoxifen, CDK4/6 inhibitors — including Verzenios®
(abemaciclib), Kisqali® (ribociclib) and Ibrance® (palbociclib) - aid in the treatment of hormone receptor-
positive tumours by impeding proliferation. However, the side effects of these drugs can be significant,®
making it vital that CDK4/6 inhibitors are only administered to patients with a high level of Ki-67 — typically
greater than 20 %** — where the likelihood of treatment proving beneficial is high. This has driven an
increasing need for a robust, reliable and standardised assessment methodology to ensure appropriate,
targeted treatment. Quantitative molecular assays — such as MammaTyper? - offer a potential solution
to this issue, and can be employed alongside IHC to offer an objective, reproducible means of breast
cancer subtyping.
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Introducing MammaTyper

( )MammaTyper

MammaTyper is a RT-gPCR-based assay for quantification of mMRNA expression of four key breast cancer
biomarkers — including Ki-67 — as recommended by the St. Gallen International Expert Panel (Figure 3 and

Table 1)

HER2
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Figure 3: Key biomarkers for the evaluation of breast cancer.
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Pos/Neg*  Neg Pos/Neg*
Pos/Neg Pos Pos/Neg
Neg Pos Pos/Neg
Neg Neg Pos/Neg

* With the exception of the combination of PR pos and Ki-67 neg = Luminal A-Like.

Table 1: Definition of breast cancer surrogate subtypes (St. Gallen).2

MammaTyper has demonstrated high concordance
with IHC 2% offering stretched pathology services a
cost-effective, efficient way to safely subtype breast
cancer tumours. It assists pathologists in interpreting
equivocal or borderline results falling in the ‘grey
area’ to ensure minimal inter- and intra-lab
variability. This approach helps to drive consistency
and, in turn, should aid in the establishment of
standardised cut-off values.

Implementation within existing workflows is
straightforward, as MammaTyper can be run on
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commonly available RT-gPCR instruments without
the need for specialised or proprietary equipment
(Figure 4), and the process uses standard formalin-
fixed, paraffin-embedded (FFPE) tissue samples.
This approach therefore requires minimal additional
infrastructure or training, while avoiding many

of the technical and interpretive pitfalls of IHC.
Crucially, an international reproducibility study
across 10 pathology labs in Europe, Canada and
China has validated the use of MammaTyper for
the quantitative determination of ERBB2, ESR], PGR,
and MKIG7 mRNA in breast cancer,” demonstrating
standardised, numerical results with excellent inter-
and intra-laboratory reproducibility.
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Mammalyper’ Workflow

RNA Extraction
Use RNA FFPE

sample extraction kit
@ according to IFU*
\/ or validated commercial

RNA extraction system
is recommended

A

RT-qPCR analysis
Avaliable on most
commonly used cycles

A
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10 um FFPE test set-up Convenient MammaTyper®

tissue section
(tumor cell content >20 %)

Report Generator software:
Export of
MRNA expression data
and calculation and assessment
of results

Preparation of master mixes
and distribution
on 96 well plate,
analysis of up to eight patient
samples per run

IFU* = instructions for use

Figure 4: The MammaTyper workflow can be carried out in under six hours using FFPE tissue samples and a standard
RT-gPCR machine.

Conclusion

Ki-67 is a clinically significant biomarker for breast cancer, particularly since
the introduction of CDK4/6 inhibitors, yet cut-off values vary and testing

is not universally undertaken. The most commonly used technique for Ki-

67 evaluation is IHC, but this approach is subjective and does not deliver
consistency between labs. While this methodology may suit single site clinical
trials, it prevents comparison of results across sites. Quantitative techniques —
such as MammaTyper — have the potential to standardise testing and enable
more accurate assessment of borderline cases, supporting targeted decision
making when IHC results are not clear cut. This could allow more precise patient
stratification to ensure that each individual is matched with the most beneficial
treatment without introducing unduly complex workflows or other barriers to
adoption. Ultimately, this could improve the patient experience and decrease
costs by optimising treatment regimens, avoiding unnecessary chemotherapy
and reducing the need for expensive multigene testing.?®
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