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ABSTRACT

BACKGROUND: Oncotype-Dx (ODx) is a 21-gene assay used as a prognostic and predictive tool for hormone receptor (HR)-positive and
human epidermal growth factor receptor 2 (HER2)-negative, node-negative, or 1 to 3 lymph node-positive early breast cancers (EBCs). The
cost of the test, which is not available in low-middle income countries (LMICs), is not within the means of most individuals. The Ki-67 index
is a marker of tumor proliferation that is cost-effective and easily performed and has been substituted in many cases to obtain prognostic
information.

OBJECTIVE: We aimed to identify the correlation between the ODx recurrence score (RS) and the Ki-67 index in HR-positive EBCs and to
determine whether Ki-67, like the ODx, can help facilitate clinical decision-making.

DESIGN: Systematic review correlating Ki-67 index and ODx in HR-positive and HER2-negative EBCs as per Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

DATA SOURCES AND METHODS: We searched different databases between January 2010 and May 2023 and included retrospective/pro-
spective cohorts, clinical trials, case-control, and cross-sectional studies involving HR-positive and HER2-negative EBCs correlating the
Ki-67 index and ODx RS categories.

RESULTS: Of the 18 studies included, 16 indicated a positive or weakly positive correlation between ODx and the Ki-67 index. The com-
bined P value of the included studies is <0.05 (P=.000), which shows a statistical significance between the 2. Our review also discusses
the potential of machine learning and artificial intelligence (Al) in Ki-67 assessment, offering a cost-effective and reproducible alternative.

CONCLUSION: Even although there are limitations, studies indicate a favorable association between ODx and the Ki-67 index in specific
situations. This implies that Ki-67 can offer important predictive details, especially regarding the likelihood of relapse in HR-positive EBC.
This is particularly significant in LMICs where financial constraints often hinder the availability of costly diagnostic tests.

PLAIN LANGUAGE SUMMARY
Comparing Ki-67 and Oncotype-Dx Tests for Predicting Early Breast Cancer Outcomes: A Comprehensive Review

The study explored the correlation between the expensive Oncotype-Dx (ODx) test and the more affordable Ki-67 index in predicting out-
comes for certain breast cancers. Results from 16 out of 18 studies indicated a significant link between the 2 tests, suggesting Ki-67 could
be a cost-effective alternative, especially in low- to middle-income countries.
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Introduction

Invasive breast cancer (IBC) consists of a heterogeneous group
of tumors with differences in prognosis and response to sys-
temic therapy. This heterogeneity is demonstrated not only by

the classification based on immunophenotyping but also by the
intrinsic classification, which is well described.! Intrinsic phe-
notyping, based on genomic microarray of tumors, has estab-
lished 5 categories of breast cancer (BC). These are luminal A,
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luminal B, human epidermal growth factor receptor 2 (HER2)-
enriched, basal-like, and normal.?3 Differentiation of luminal
A from luminal B is important, as each subtype is unique in its
prognosis and response to chemotherapy.

The luminal-A subtype is the most common subtype, com-
prising up to 75% of IBCs. It is characterized by its low-grade
potential with an excellent response to hormonal treatment,’
whereas the luminal-B subtype is aggressive with poor response
to hormonal therapy and sensitivity to chemotherapy. The dif-
ferentiation of these subtypes thus influences the management
of these patients. Unfortunately, the lack of availability of
intrinsic phenotyping and its application in mainstream prac-
tice is a limiting factor in decision-making regarding adjuvant
systemic therapy.

According to the St Gallen experts’ consensus, luminal-A
IBCs are estrogen receptor (ER)-positive with progesterone
receptor (PR) expression of =20%. They are HER2-negative
and have a Ki-67=<14% with a low RS based on the ODx
genetic assay. In contrast, luminal-B IBC is ER-positive, HER2-
negative, PR-negative, or <20%, with a Ki-67=20% and high
RS based on multigenic assessment (whenever available).*

There are 2 prospectively validated and commercially avail-
able genomic assays available for patients with HR-positive
and HER2-negative EBCs, with the purpose to stratify the
low-risk patient subgroup where chemotherapy can be omit-
ted. These are the 21-gene Oncotype-Dx (ODx) and 70-gene
MammaPrint assay.” The 21-gene ODx assay has been vali-
dated based on prospective trials in node-negative and in 1 to 3
(1-3) lymph node-positive, HR-positive and HER2-negative
EBC. Oncotype-Dx test results when incorporated in a for-
mula generate a RS (0-100). For postmenopausal women,
those with RS=<26 are deemed low risk, whereas those with
RS =26 are high risk and candidates for endocrine treatment
with additional chemotherapy.> While for premenopausal the
cut off changes, a RS=<15 predicts a low risk of recurrence,
therefore, only endocrine treatment is offered to this subgroup.
Although a score between 16 and 25 predicts an intermediate-
risk category, therefore, benefit of additional chemotherapy
along with endocrine therapy is present. Those having RS =26
are categorized as high risk for future recurrence and are candi-
dates for both chemotherapy and endocrine therapy.® Besides
the score, the age, and the premenopausal status play an impor-
tant role in assigning treatment in patients with an intermedi-
ate score, which applies to women who are aged 50years or
younger.” Therefore, genomic assay assessment is crucial for
deciding treatments among HR-positive and HER2-negative
EBC patients.

Although ODx has proven to be an essential tool in deci-
sion-making regarding the benefits of chemotherapy, its appli-
cation is limited in low-middle income countries (LMICs), as
the cost is a major limiting factor (the test is outsourced to the
United States and is paid for in USD). Due to a lack of ability
to obtain this test, clinicians have resorted to reliance on

traditional markers, like the Ki-67 Proliferative Index (PI) in
addition to the other clinic-pathologic factors to distinguish
between the low-risk and high-risk EBCs.%7

Ki-67 is a proliferative gene that encodes a nuclear protein
that facilitates cellular proliferation and growth during the
M-phase of the cell cycle.® Some studies have evaluated the
correlation between the Ki-67 index and ODx RS for the use
of Ki-67 as a readily available and inexpensive marker to pre-
dict the risk of recurrence instead of the very expensive
ODx.1° However, there are conflicting results regarding the
use of Ki-67 as a predictor of the RS when compared to ODx
among patients who fall in the intermediate-risk category for
recurrence.

The heterogeneity of IBC and its variable response to
chemotherapy in HR-positive EBCs highlights the need for
molecular testing to ensure the judicious use of chemotherapy.
The high costs and limited availability of tests like the ODx
create a challenge for clinicians in LMICs. Therefore, the pur-
pose of this systematic review is to determine whether a cor-
relation exists between the Ki-67 index and ODx RS to
establish the former’s utility as a surrogate marker for identify-
ing high-risk EsBC permitting a cost-effective and readily
available alternative to ODx.

Material and Methods

Literature review

This systematic review of original articles was performed in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines. Two
reviewers independently conducted the literature search across
4 databases: PubMed, Google Scholar, Embase, and Web of
Science. Boolean operators were used alongside the following
keywords to capture relevant articles: “HR-positive EBC”, OR
“HR-positive and HER2-negative EBC”, ODx RS, and “Ki-67
score” OR “levels”. We also hand-searched (both forward and
backward citation search) and retrieved any additional articles
meeting our study question. All literature published in the
English language between January 2010 and May 2023 was
included in our review. In addition, the following inclusion cri-
teria were applicable: (1) the study design included cohort stud-
ies, case-control, cross-sectional studies, and randomized
controlled trials; (2) the studies that report the correlation, asso-
ciation, or comparison between ODx RS and Ki-67 levels in
HR-positive, HER2-negative, lymph node-positive/negative
EBC:s; (3) no restriction on sample size, but the studies should
report the sample size; (4) studies that use either old or new
cutoff points for Ki-67 index and ODx RS; (5) studies that
employ various statistical methods such as Spearman rank cor-
relation, multivariable analysis, Fisher method, and chi-square
distribution, to evaluate the correlation between Ki-67 and
ODx RS; (6) studies that provide P values, confidence intervals,
and other statistical measures related to the correlation between

Ki-67 levels and ODx RS; and (7) studies that report on
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clinicopathologic factors, age, tumor size, tumor grade, ER/PR/
HER?2 status, and other relevant factors along with the correla-
tion between Ki-67 and ODx RS. Unpublished or non-peer-
reviewed studies, closed-access studies, and studies correlating
ODx RS with biomarkers other than Ki-67 levels were excluded
from our review.

In addressing and mitigating study limitations, our research
team undertook a structured approach to ensure transparency,
rigor, and comprehensiveness. Initially, the team engaged in a
systematic discussion to evaluate the significance and potential
impact of each identified limitation on the study’s overall find-
ings. Prioritization of these limitations was conducted through
a collaborative process, involving voting, iterative discussions,
and consensus-building among team members. Recognizing
the scarcity of data in the existing literature and the variability
in reported outcomes, we opted to allow flexibility in the cut off
values for both ODx and Ki-67 levels. This decision aimed to
facilitate a more comprehensive exploration of potential corre-
lations. In addition, to address our primary objective of estab-
lishing correlations, we made the deliberate choice to include
studies that employed varied statistical methods in our review.
This inclusive approach was designed to capture a broader
range of evidence and perspectives on the correlation between
ODx and Ki-67 levels. By integrating these steps into our
methodology, we strived to proactively identify, assess, and
address potential limitations, thereby reinforcing the validity,
reliability, and generalizability of our study results.

Study selection and data extraction

Once duplicate articles and gray material eliminated manually,
2 reviewers independently conducted the screening to mini-
mize the risk of bias. After title and abstract screening, a full-
text review was performed to assess whether the articles met
the inclusion criteria. Subsequently, 2 reviewers extracted the
data from the included studies onto an Excel sheet with pre-
defined columns. The flow of our extracted articles is displayed

using the PRISMA flow diagram 2020 in Figure 1.

Statistical analysis

The studies were evaluated for bias independently by 2 authors.
Whether individual studies reported bias assessment was
determined and has been specified in Tables 1 and 2. Because
of the heterogeneity of study designs and the unavailability of
a standardized tool for retrospective reviews, the reviewers
identified study limitations through consensus. To identify the
risk of bias in all included studies, Fisher method was used in
which each P values obtained were combined manually after
identifying the chi-square distribution for each study first and
then a combined Pvalue was obtained using calculator Stat Trek;
http://courses.atlas.illinois.edu/spring2016/STAT/STAT200/
pchisq.html and reconfirmed by using calculator https://stattrek.

com/online-calculator/chi-square.!1> The P values from 17
studies were used for statistical analysis. For two-tailed P values,
they were converted to one-tailed Pvalues first and then used for
statistical analysis. One study did not report the P value; there-
fore, it was not included in the final analysis.

Results

Eighteen studies, from 2010 through 2023, were included in
this systematic review. Study characteristics and comparative
analysis have been summarized in Table 1, whereas the correla-
tions and results are summarized in Tables 2 and 3 below. The
risk of bias among the studies is addressed using the QUADAS
tool of risk assessment for systematic reviews, and further strat-
ification of the parameters contributing to the risk is men-
tioned in Tables 1 and 2.3° Among these, 15 were characterized
as retrospective chart reviews primarily involving the use of
patient tumor samples retrieved from storage. The remaining 3
included 2 prospective trials and 1 survey-based study evaluat-
ing the effect of ODx RS on treatment decisions. All these
studies were selected because they evaluated the association
between ODx RS and Ki-67 in some capacity.

The sample size ranged between 53 and 4695, with the
median sample size being 106. Only 2 out of the 18 studies
indicated no correlation between the ODx RS and Ki-67
index. The remaining observed varying degrees of correlation
depending on the statistical methods used. The combined P
value of included studies in our analysis was <.001, which
shows that there is evidence of rejection of the null hypothesis
in studies and there is a correlation between Ki-67 levels and
ODx RS.

The ODx RS categories reported in the literature varied
between different studies especially since the TAILORX trial
in 2018 recommended new cut off points. As expected, 7 stud-
ies10131416,17.25 from 2011 through 2018 used the old cutoffs,
that is, ODx score of <18 for low risk, 18 to 30 for intermedi-
ate risk, and =31 for high risk. Two studies from 2022,%%28 also
used the older cutoffs, likely because their patient cohorts were
taken from before 2018. Six!18:19:232629.31 studies used the new
cutoffs which categorize <15 as low risk, 16 to 25 as interme-
diate risk, and =26 as high risk, while 3 studies?>21?* used both
criteria for their analyses. One study treated the ODx RS as a
continuous variable.!®

Similarly, for Ki-67 index score cutoffs were different across
studies. Two studies relied on Ki-67 cutoffs of <14% as low
and >14% as high.?02! Eight studies used the modified St
Gallen criteria of <20% as low and =20 as high.10,16,18,22-24,26,27
One study used 15 as the cut off albeit without any justifica-
tion,* whereas another determined their own institutional cut-
offs (=24 for low) based on their patient population.”® Two
studies also used <10 and >25 as cutoffs for low and high
Ki-67, respectively.?>3! This heterogeneity in cutoffs indicates
an absence of standardization.
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Figure 1. PRISMA flow diagram for studies correlating Oncotype-Dx Recurrence Score and Ki-67 Index.
Figure 1. From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting

systematic reviews. BMJ 2021;372: n71. doi:10.1136/bmj.n71.

In some cases, the presence of an association was tested between
the 2 categorical variables. However, we also included studies that
analyzed Ki-67 percentages as either a continuous or ordinal vari-
able. These studies either used Spearman rank correlation or mul-
tivariable analysis to evaluate the presence of a correlation.

Discussion

The utility of ODx in HR-positive EBC is well established
in the literature;>323% however, the clinical applicability of
Ki-67 instead of ODx for decision-making in this patient
cohort regarding the benefit of adjuvant chemotherapy is
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Table 1. Study characteristics and comparative analysis of Ki-67 index, Oncotype-Dx recurrence score cutoffs, and prognostic scores of included

studies.

AUTHOR

KI-67 CUTOFFS

ODX CUTOFFS

OTHER PROGNOSTIC SCORES

REPORTED

CLINICOPATHOLOGIC
FACTORS REPORTED

Acs et al'®

Aktas
et al4

Thaker
et al's

Ozmen
et al'®

Thakur
et al'”

Walter
et al'®

Yamamoto
et al'®

Huang y-c
et al®

Huang Z
etal®

Number of Ki-67-positive
cells per mm?

Staining level of <15% was
defined as Ki-67 low
(negative) and a level of
>15% as Ki-67 high
(positive)

Ki-67 expression was
measured using
immunohistochemistry and
reported as the percentage
of positive nuclei.

Low: <10%

Intermediate: 10%-20%
High: >20%

Low: <20%
High: =20%

No discrete ranges
specified

Low: <20%
High: =20%

No discrete ranges
specified

Low: <14
High: >14

Low: <14
High: =14

Low: <18
Intermediate: 18-30
High: >30

Low: <18
Intermediate: 18-30
High: =31

Low: <18
Intermediate: 18-30
High: >30

Low: <18
Intermediate: 18-30
High: >30

Low: <18
Intermediate: 18-30
High: >30

Low: 0-10
Intermediate: 11-25
High: 26-100

Low: <26
High: =26

For a RS calculated before
December 2018:

Low: <18

Intermediate: 18-30

High: >30

For RS calculated after January
2019:

Low: <11

Intermediate: 11-25

High: >25

As it was not clear which standard

is more accurate, both criteria
were referenced:

Low: <18

Intermediate: 18-30

High: >30

Low: <11

Intermediate: 11-25

High: >25

Nottingham Prognostic Index
Excellent: <2.4

Good: 2.5-3.4

Moderate: >3.4

Mammostrat Prognostic Index
Low risk: <0

Moderate/High risk: >0

NR

IBTR! Nomogram version 2.0;
Breast Cancer Model

NR

NR

Clinical risk

Low clinical risk if node-negative
and T=<3cm and low grade or
node-positive and T<2cm and
low grade or node-negative and
T<2cm and intermediate grade
or node-negative and <1cm and
high grade was deployed.

NR

NR

NR

Age

TNM stage
ER status
PR status

Age
Tumor size (T)
Tumor grade

Age

Tumor size (T)
Tumor grade
ER score

PR score
HER2 score

Age

Tumor size (T)
Tumor grade
ER score

PR score

Age
Tumor size (T)
Tumor grade

Age

TNM stage
Tumor grade
Tumor type
ER status
PR status
HER2 status

TNM stage

Tumor grade
Lymphatic invasion
ER status

PR status

HER2 status

Age

TNM stage
Tumor grade
PR

(Continued)
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Table I. (Continued)

AUTHOR Kl-67 CUTOFFS ODX CUTOFFS

OTHER PROGNOSTIC SCORES CLINICOPATHOLOGIC

FACTORS REPORTED

REPORTED

Williams Ki-67 staining was Low: <18 PPH3 score—PPH3 positivity Tumor grade
etal?? categorized as low <20% Intermediate: 18-30 was categorized as low 5% HER?2 status
High: >30
Alshamsan  Low: 20% Low: <16 NR Age
etal® High: >20% Intermediate: 15-25 Menopausal status
High: =26 Tumor size (T)
Nodal status (N)
LvI
ER status
PR status
Obesity
Uras etal?*  Different cutoff values of Low: <18 NR Age
Ki-67 Intermediate: 18-30 Tumor size (T)
(<10%, <15%, <20%, High: =31 Nuclear grade
or<25%) Low: <16 Histological grade
Intermediate: 15-25 LV
High: =26 ER status
PR status
Sahebjam | ow risk: <10% Low: <18 NR Tumor size (T)
etal® Intermediate risk: 10-25%  Intermediate: 18-30 Histological grade
High risk: =25% High: =31 II;llottlngham grade
LvI
ER status
PR status
Crager Low: <20% Low: <16 NR Age
etal*® High: =20% Intermediate: 15-25 Tumor size (T)
High: =26 Nodal status (N)
Selmani Low: <20% Low: <18 NR Age
etal®” High: =20% Intermediate: 18-30 Tumor size (T)
High: >30 Nodal status (N)
Tumor grade
PR status
Pons Defined “Luminal A-like” as | ow: <18 NR Age
etal® ER-positive, HER2- Intermediate: 18-30 Tumor size (T)
negative, and Ki-67<24%,  High: >30 Nodal status (N)
and “Luminal B-like” as Tumor grade
ER-positive, HER2- ER status
negative, and Ki-67 > 24%. PR status
Tumor subtypes
(luminal A and
luminal B)
Tanetal®  |ow: <10% Low: <18 NR Age
Intermediate: 11%-20% Intermediate: 18-30 Tumor size (T)
High: >20% High: =31 Tumor grade
LvI
Durrani Low: <10% Low: 0-15 Nottingham Prognostic Index Age
etal®® Intermediate: 10%-20% Intermediate: 16-25 Poor: >5.4 Tumor size (T)
High: >20% High: 26-100 Moderate: 3.5-5.3 Nodal status (N)
Good: 2.5-3.4 Tumor grade

Excellent: <2.4

PR status

Abbreviations: LVI, lymphovascular invasion; NR, not reported; PI, perineural invasion; PPH3, phosphohistone H3.

still questionable. As a marker of mitotic activity, Ki-67 lev-
els are associated with cellular proliferation and hence tumor
aggressiveness. The prognostic significance of the Ki-67

However, the complexity of tumor biology dictates that
multiple genes are implicated in determining metastatic poten-
tial and hence subsequent risk of distant recurrence. In this
score in HR-positive EBC has been emphasized in the lit- regard, the ODx is superior since it evaluates the expression of
erature with higher scores correlating with an increased risk multiple genes including those associated with metastasis such

as matrix metalloproteinase-11 (MMP11) and Cathepsin L2

of recurrence.3*
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Table 2. Studies with positive correlation between Oncotype-Dx recurrence score and Ki-67 index.

AUTHOR

Acs et al®

Aktas
et al4

Thaker
et al'®

Ozmen
et al'®

Thakur
et al'”

Walter
et al'd

Yamamoto
et al'®

Huang y-c
et al0

Huang Z
et al?!

Williams
et al22

Alshamsan
et alz

STUDY TYPE

Retrospective
chart review

Retrospective
chart review

Retrospective
chart review

Prospective
survey

Retrospective
chart review

Retrospective
chart review

Retrospective
chart review

Prospective
trial

Prospective
trial

Retrospective
chart review

Retrospective
chart review

SAMPLE

SIZE

106

68

308

165

328

4695

95

106

76

133

160

PARAMETERS ASSESSED

Correlation of ODx RS and
Mammostrat Prognostic Index
with Ki-67 level.

Correlation of ODx RS with Ki-67,
urokinase-type plasminogen
activator, DTCs, CTCs, TSCs,
grade, and tumor receptors.

Correlation between ODx RS and
IBTR Nomogram

Correlation between Ki-67 levels,
ODx RS, and IBTR, respectively.

Correlation between change in
treatment plans before and after
ODx RS was done. Furthermore,
the correlation of RS with age,
tumor size, tumor grade, ER/PR
score, and HER2 and Ki-67
levels was assessed.

Integrating radio-genomics
correlation of manual vs digital
Ki-67 scoring with RS, tumor
grade, mitotic score, ER, and PR
scores, respectively.

Correlation of RS with Ki-67
levels, tumor size, nodal status,
and clinical risk.

Logistic regression analysis was
done to create a model based on
Ki-67, HER2, ER, and PR in
predicting RS = 26.

Patients were divided according
to the TAILORX cut off score,
and RS was correlated with Ki-67
and clinicopathological
characteristics.

ODx was correlated with MALAT1
expression and Ki-67 levels.
Various clinicopathological
characteristics were also
assessed.

Correlation of expression of Ki-67
levels and PPH3 with ODx RS.

Correlation of ODx with NLR,
PLR, age, tumor size, grade,
lymph node status, Ki-67, LVI,
hormonal receptor expression,
and HER2 status.

RESULTS/SUMMARY

Ki-67 + tumor cells showed no
correlation with the RS (AUC: 0.502;
P=.98) or with a Mammostrat
Prognostic Index score.

Ki-67 + stromal/inflammatory cells
were significantly associated with
higher RS (AUC: 0.892; P <.0001).

Ki-67, progesterone receptor, and
grade 3 tumors were significantly
correlated with RS (P <.001, .006,
and .002, respectively).

No correlation was observed
between DTCs, CTCs, TSCs, and
RS.

Ki-67 shows a significant correlation
with RS and IBTR Nomogram
(P=.002 and .019, respectively). No
correlation was identified between
IBTR and RS.

A change in pre- and post-RS assay
treatment decision was seen in 33%
of patients (P <.001).

Tumor grade, Ki-67, and PR score
were significantly correlated with
RS. The P value was <.002 for
grade and <.001 for PR and Ki-67,
respectively.

A positive correlation was seen
between Ki-67 and RS, tumor grade,
and mitotic score with a P <.001.

Patients with higher tumor grade,
Ki-67, and node-negative disease
were likely to be in the high RS
group (P <.001).

The AUC of this predictive model
was 0.956. The accuracy, sensitivity,
specificity, and positive and (NPV)
negative predictive values were
90.5%, 72.2%, 94.8%, 76.4%, and
93.5%, respectively.

On logistic regression analysis, the
P value of Ki-67 was .0045.

The correlation was seen between
RS and Ki-67-positive cells of >14%
(P=.004), and tumor Grade llI
(P=.001), respectively.

ODx showed a positive correlation
with Ki-67 expression (P=.022) and
MALAT1 expression, independent of
various clinicopathological
characteristics.

Ki-67 and PPH3 expression were
both significantly associated with
ODx RS (P=.02 and P=.027,
respectively).

Multivariable analysis showed that
high NLR, tumor grade, and high
Ki-67 levels (>20) remained
significant predictors of ODx RS of
=16 (P=.006).

P VALUE FOR
STATISTICAL
ANALYSIS

P=.98 (two-tailed)
(only Ki-67 tumor
cells value used)
P=.51 (one-tailed)

P=<.001

P=.02 (two-tailed)
P=.99 (one-tailed)

P=.001

P =<.001 (two-tailed)
P=.9995 (one-
tailed)

P <.001 (two-tailed)
P=.9995 (one-
tailed)

P=.0045

P=.004

P=.006

(Continued)
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Table 2. (Continued)

AUTHOR STUDY TYPE

SAMPLE

SIZE

PARAMETERS ASSESSED

RESULTS/SUMMARY

P VALUE FOR
STATISTICAL
ANALYSIS

Uras et al®*  Retrospective 61 Correlations were assessed Patients with Ki-67 more than 25% P=.038 (two-tailed)
chart review between ODx and expressions of  and 30% are likely to have RS> 18 Opted here for
ER, PR, or HER2, Ki-67 as well (P=.038 and.0086, respectively). Ki-67 of more than
as with clinicopathological 25% to keep the
variables, treatment, and Ki-67 of the lower
outcomes. limit.
P=.981 (one-tailed)
Sahebjam Retrospective 53 ODx was correlated with A strong linear correlation was seen  p< 001
et al? chart review clinicopathological between Ki-67 expression and
characteristics. Oncotype RS (P <.001)
Crager Retrospective 298 The correlation between ODx RS~ The Spearman rank correlation was P value was not
et al26 chart review and Ki-67 percentage positivity moderately positive (0.396). The assessed in the
was assessed using Spearman AUC of Ki-67 in predicting RS =26 study.
rank correlation. was 0.792.
Selmani Retrospective 98 Association of Ki-67 assessed by  Ki-67zy4 levels were significantly P=.013
et al?” chart review qRT-PCR (Ki-67gy, and associated with RS (P=.005). A Ki-67 IHC results
immunohistochemistry (Ki-67,c) lower association between the ODx were included in the
with ODx score, respectively. test with Ki-67,,¢ status (>20%) was  analysis.
also observed (P=.013).
Pons Retrospective 55 Association between ODx RS The correlation of RS with both P<.01 (two-tailed)
et al® chart review and Ki-67 obtained by Ki-67 groups was slightly higher for Ki-67 assessment

conventional and digital analysis
of Ki-67 levels, respectively.

the digital technique (R,=0.46,
P <.01) compared with the
conventional method (R;=0.39,
P <.01), although both were
statistically significant.

by the conventional
method used for
analysis.

P=.995 (one-tailed)

Abbreviations: CTCs, circulating tumor cells; DTCs, disseminated tumor cells; IBTR, ipsilateral breast tumor recurrence; NLR, neutrophil-lymphocyte ratio; PLR, platelet-
lymphocyte ratio; TSCs, tumor stem cells.
The combined P value of included studies is <.001, which shows a significant correlation between Ki-67 levels and ODx RS.

Table 3. Studies with negative correlation between Oncotype-Dx recurrence score and Ki-67 index.

AUTHOR STUDY TYPE

SAMPLE SIZE

PARAMETER ASSESSED

RESULTS

ASSESSMENT OF
RISK OF BIAS/

CONFIDENCE

Tan et al'® Retrospective 58 RS was correlated with Ki-67, tumor No positive correlation P=.83
review size, grade, mitotic rate, and lymph between Ki-67 and RS
vascular invasion. (P=.83).
Durrani etal®®  Retrospective 157 Correlation between ODx and No significant correlation P=12
review patient’s age, ER/PR status, Ki-67, was seen between RS and

nodal status, tumor grade, and
Nottingham Prognostic Index was
done, respectively.

age, tumor size, or Ki-67
(P=.12).

(CTSL2).2t The ODx RS also incorporates Ki-67 and other
proliferation-related genes into its calculation with the algo-
rithm giving the greatest weightage to the proliferation group.??
A study in our review indicates, however, that there is a possi-
bility that stromal cell Ki-67 protein expression influences the
calculation of ODx score since cDNA from the entire tissue
sample is used.!® This can serve as a potential source of dis-
cordance between Ki-67 index-based risk categorization and
ODx since stromal cells are not counted by the pathologist
during Ki-67 determination (Figure 2).

Co-expression of other markers such as MALAT1 and
phosphohistone H3 was also assessed in 2 studies. These

markers can help strengthen the prognostication when used in
conjunction with the Ki-67 index and other clinicopathologic
characteristics allowing clinicians to forgo ODx testing if a
lower risk of recurrence is indicated. However, caution must be
taken when relying on these results as they have not yet been
validated using large-scale diagnostic studies.?>?!

Various studies recommended the judicious use of ODx, by
relying on a stepwise approach. Risk stratification using Ki-67
has been recommended initially, as low Ki-67 levels correlated
well with a low ODx RS in HR-positive EBCs. However, this
association tended to break down at higher Ki-67 levels.
Therefore, clinicians may consider the use of ODx if the Ki-67
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Invasion: MMP11 (Stromelysin-3),
CTSL2 (Cathepsin L2)

Proliferation: Ki-67, Survivin,
MYBL2, Cyclin B1, STK15

— Growth factor receptors: GRB2, HER2

L 5 Estrogen related: ER, PGR, BCL2
SCUBE2

Contribution of stromal cell gene
expression not excluded by the assay

Figure 2. Genes whose mRNA expression profiles are assessed by the ODx assay. All these genes are overexpressed in BCs. However, overexpression
of certain genes may also be expressed in stromal cells (fibroblasts, lymphocytes, macrophages) present within the tumor microenvironment. The ODx
assay uses whole-tissue mMRNA; hence, tumors with an inflammatory stroma may have higher expression profiles for certain genes, for example, Ki-67.

index and other markers indicate tumor aggressiveness, rather
than using this score for every patient.!%2%26 Furthermore, vali-
dated equations have been developed to estimate the ODx RS.
The Magee equations incorporate various clinicopathologic
and immunohistochemical parameters, including Ki-67, to
provide a score that has been shown to correlate with the ODx
RS. The incorporation of these equations into the decision-
making algorithm may be cost-effective for LMICs.%

One study also indicated a discrepancy between the expres-
sion of Ki-67 RNA levels and the level of Ki-67 Immunohisto
Chemistry (IHC) staining.?” It identified low agreement
between results using 2 different techniques of Ki-67 report-
ing. On univariate analysis, Ki-67 tumor RNA levels had a
higher hazard ratio of event-free survival as compared to the
Ki-67 assessment via the IHC method among their patients;
also, the Ki-67 RNA was better correlated to ODx RS statisti-
cally, suggesting Ki-67 reporting via qRT-PCR is a better sur-
rogate option to ODx RS when compared to Ki-67 reporting
using conventional methods. In addition, this discordance may
be a possible reason for the breakdown of the correlation
between ODx and Ki-67, with high Ki-67 RNA levels being
detected by the ODx RS, increasing the score.

Another study concluded that ODx testing could be con-
sidered an option for patients with high Ki-67 proliferation
index or high-grade tumors because the score might classify
them as low risk sparing these individuals’ chemotherapy in
HR-positive EBC.2® Rigorous risk stratification, therefore, is
necessary to ensure that the benefits of adjuvant chemotherapy
are not withheld, and additional toxicities are not incurred. A
major discrepancy in the studies we reviewed was the variation

in risk stratification cutoffs for the Ki-67 index.10:14.16,18,20,24,26-
2931 Some articles classified Ki-67 of less than 10 as low risk,
whereas others used 20 or even 15 as a cutoff. Variations in
these cutoffs may be due to changes in the standard criteria
over time, for example, St Gallen updated their cutoff for Ki-67
from less than 14% to 20% to differentiate between the lumi-
nal-A and luminal-B subtypes based on survival outcomes.*
The International Ki-67 in Breast Cancer Working Group
(IKWG) has determined that the Ki-67 index be categorized
as low at 5% or less and high for values 30% or more. These
findings are based on studies indicating high interobserver
variability in the 5 to 30 range.3® Adopting a standardized cut
off value determined using robust studies may increase the

validity of Ki-67 as a prognostic test.

Harnessing machine learning and artificial
intelligence for reliable Ki-67 index calculation

The use of machine learning or artificial intelligence (AI) may
help eliminate interobserver variability as indicated by certain
studies included in our review.!72%37 Image analysis algorithms
can provide an efficient and effective method to calculate the
Ki-67 index and this, alongside other clinicopathologic infor-
mation can subsequently be fed into a machine learning model
to predict ODx RSs in EBCs. Although these procedures
require access to software and technical expertise, effective use
of machine learning can help overcome limitations associated
with conventional methods, making them a cost-effective
alternative to expensive gene-based assays. The robustness of
the output from these algorithms is dependent on preanalytical
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EE gg:ilgzz FFPE* tissue lTrlimSptortfsd ttl(: a Oncotype Dx assay
—} 1 : —} aboratoy in the erformed
LN 0-3 sample acquired United States P

1. mRNA extracted from the tissue sample is acquired from both tumor and stromal cells.

2. Expression profiles of 16 cancer related genes and 5 housekeeping (reference) genes
generated.

3. Algorithm used to generate a recurrence score between 0 and 100.

4. Patient stratified into risk categories using RS.

v
High risk
RS >26

*°

Immunohistochemical
staining for Ki-67 expression

Number of cells expressing
Ki-67 counted by a pathologist

v ¢
Intermediate risk Low risk
RS 11 -25 RS<11

Ki-67 index reported as the percentage
tumor cells positive for Ki-67 over the
total number of tumor cells observed

< 5% is Low > 30 % is High

Figure 3. The procedure for obtaining a sample and subsequent testing is described for both the Oncotype-Dx and Ki-67 index. FFPE—formalin-fixed
paraffin-embedded. The IKWG has determined that the Ki-67 index be categorized as low at 5% or less and high for values 30% or more.

factors such as the adequacy of tumor tissue in the section and
completeness of patient data, however. It offers standardized
data collection, accurate image analysis, predictive modeling,
and quality assurance, simplifying processes and enhancing
patient results when incorporated into clinical routines.3$% Xie
et al,* in a multicentric observational study involving 771 pairs
of stained slides employed a scale-invariant feature transform
(SIFT)-based Al system, achieving a remarkable 93% accuracy
in identifying cancer tissues and 91.5% accuracy in calculating
the Ki-67 index, showcasing the potential of Al to enhance
accuracy and repeatability in Ki-67 assessment. In addition,
studies by Li et al,** Fulawka et al,*! Cai et al,* and Zehra et
al® further highlight the consistent and reproducible results
achieved through Al assistance in Ki-67 labeling, offering

improved diagnostic accuracy and efficiency in BC evaluation.

LMIC implications

Despite some limitations, studies have proved a positive corre-
lation between ODx and Ki-67 levels in certain contexts in
early EBCs. This suggests that Ki-67 can provide valuable
prognostic information along with clinicopathologic risk fac-
tors in HR-positive EBC. This is particularly relevant for
LMICs where financial limitations often restrict access to
expensive diagnostic tests. The process of acquiring tissue spec-
imens transporting them to the United States and subsequently
running the ODx assay is a costly undertaking in comparison
with performing simple immunohistochemistry and subse-
quent cell counting (Figure 3).

Using Ki-67 as a surrogate marker could provide valuable
prognostic information at a lower cost as an initial screening
tool to identify patients who are more likely to benefit from
genomic testing. Similarly, the correlation between Ki-67 levels
and ODx RS opens the possibility of risk-adapted treatment
strategies in LMICs, sparing low-risk patients from unneces-
sary interventions. Also, Ki-67 can be assessed using standard-
ized laboratory techniques, making it more accessible and
feasible in resource-limited settings compared with complex
genomic tests like ODx. This allows for easier implementation
and integration into existing health care systems.

Limitations

Most of the studies had small sample sizes and retrospective
designs and different cut off values for both ODx and Ki-67
levels, which may limit the generalizability of their findings.
Larger prospective studies with diverse populations could pro-
vide more robust evidence. Furthermore, a few studies reported
interobserver variability and interlaboratory variation. This
variability can impact the consistency and reliability of Ki-67
as a prognostic marker in place of ODx RS. Therefore, we do
not propose that Ki-67 be used as a replacement for ODx.
Instead, the clinician uses an algorithmic approach and deter-
mines the ideal circumstance to perform the ODx.

Some studies did not directly assess the correlation between
ODx and Ki-67 levels. Instead, they examined the association
of these markers with other variables or assessed their correla-
tion indirectly. Direct comparisons between ODx and Ki-67
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will provide more definitive information. Another limitation
of the review is some studies reported positive correlations,
whereas others found no or poor correlations. These discrep-
ancies in the correlation between ODx and Ki-67 levels in
studies indicate the complexity and heterogeneity of the rela-
tionship between these markers, highlighting the need for fur-
ther research and the role of Al in future studies. Also, the
influence of confounding variables, such as the presence of
stromal cells, on the correlation between ODx and Ki-67
should be carefully considered and controlled for in future
studies.

Another major issue found in retrospective studies is about
factors that drove the clinician to order an ODx assay. If the
decision was made based on prior knowledge of clinicopatho-
logic parameters and ancillary biomarkers like Ki-67, a signifi-
cant selection bias is introduced. Most studies did not comment
on this particular factor.

Conclusions

This review highlights the complexities associated with using
Ki-67 levels as a surrogate for ODx RS. Although some studies
found a positive correlation between ODx and Ki-67 levels,
others showed no or poor correlation. The decision to use ODx
testing or Ki-67 levels as prognostic markers should be based
on a comprehensive evaluation of multiple factors, including
tumor characteristics, patient preferences, and available
resources. Overall, the research on the correlation between
ODx and Ki-67 levels offers promising implications for
LMIC:s. It provides insights into the potential use of Ki-67 as
a cost-effective and accessible marker in risk stratification and
treatment decision-making, allowing for optimized resource
allocation and personalized care in resource-limited settings. It
is important to note that the field of oncology research is
dynamic, and novel studies may provide further insights and
updates on the relationship between ODx and Ki-67.
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