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The use of chemotherapy in breast cancer management has significantly contrib-
uted to the  decrease in its mortality. Currently, the  prognosis is determined by 
molecular biomarkers, such as oestrogen receptors, and human epidermal growth 
factor receptor 2. However, the increasing use of advanced molecular technologies, 
including oncotype DX recurrence score (ODX-RS), has provided the ability to 
estimate the risk of recurrence. Research has demonstrated that the ODX-RS helps 
to predict recurrence risk and the potential benefit of chemotherapy in breast can-
cer. As a result, it can assist clinicians in making decisions regarding using the che-
motherapy. The goal of work is to explore the correlation between the ODX-RS 
and Ki-67 proliferative index (Ki-67-PI).
This study included 137 patients with oestrogen positive, human epidermal growth 
factor receptor 2-negative early breast cancer, and had non- or early axillary disease.
Patients with low Ki-67-PI were as follows: low ODX-RS in 17%, intermediate 
ODX-RS in 80%, and high ODX-RS in 2%. In the high Ki-67-PI group: low 
ODX-RS in 12%, intermediate ODX-RS in 48%, and high ODX-RS in 40%.
In conclusion, the results show no significant correlation between the ODX-RS and 
Ki-67-PI (r = 0.511, p-value < 0.9).

Key words: chemotherapy, breast cancer, radiotherapy, oncotype DX recurrence 
score, oestrogen receptors, Ki-67 proliferative index.

Introduction

About 75% of  breast cancers fall into the  oes-
trogen receptor-positive (ER+), human epidermal 
growth factor receptor 2-negative (HER2–) pheno-
type category [1]. Radical surgical treatment is cur-
rently considered the gold standard for early breast 
cancer management. However, the  prognosis and 

recurrence patterns can vary significantly among sur-
vivors of  the disease. The use of  adjuvant hormon-
al manipulation therapy (HMT) in addition to ad-
juvant chemotherapy has led to a reduction in both 
local and distant disease recurrence rates as well as 
associated mortality. However, chemotherapy itself 
is not without adverse effects and costs, and not all 
patients will derive equal benefit from it. Traditional 
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tumour biomarkers, such as tumour size, histological 
grade, lymph node metastasis, ER expression, Ki-67 
proliferative index (Ki-67-PI), and HER2 status, vary 
in their reliability as predictors of recurrence risk in 
early breast cancer. To better assess the benefit of ad-
juvant chemotherapy, several prognostic multigene 
expression assays have been developed, including Re-
curIndex, EndoPredict, and oncotype DX recurrence 
score (ODX-RS) [2]. These assays aim to estimate 
the risk of breast cancer recurrence after radical sur-
gery, taking into account HMT, and help determine 
the necessity of adjuvant chemotherapy [3]. The as-
sociation of  Ki-67-PI with breast cancer prognosis 
and its response to treatment has been investigated. 
However, the currently available evidence is insuffi-
cient to recommend the  routine use of Ki-67-PI as 
a prognostic factor and predictor of responsiveness to 
adjuvant chemotherapy in patients with early-stage 
breast cancer [4]. Additionally, the  relationship be-
tween Ki-67-PI and ODX-RS remains unclear. Some 
authors have reported a  moderate agreement be-
tween high Ki-67-PI and high ODX-RS values [5]. 
The primary aim of the study was to assess the cor-
relation between ODX-RS and Ki-67-PI in the study 
population. Furthermore, the  study aimed to assess 
the  impact of  incorporating ODX-RS into the  de-
cision-making process for adjuvant chemotherapy 
planning following primary breast cancer surgery.

Material and methods

The study cohort included 137 female patients with 
early breast cancer who had ER+, HER2– tumours. 
Both Ki-67-PI and ODX-RS tests were performed on 
these patients between 2016 and 2022. All patients 
in the study group underwent breast-conserving sur-
gery or mastectomy, along with axillary surgery, as 
appropriate. The enrolled patients had luminal-type 
breast cancer (ER+/HER2–) and were classified as 
either node-negative (N0) or having low-burden 
axillary nodal disease with 1–3 positive nodes (N1)  
(Fig. 1). Certain exclusion criteria were applied, in-
cluding tumours classified as T4, HER2+ or triple- 
negative breast cancer, patients with nodal disease 
classified as ≥ N2, and those with upfront endo-
crine or chemotherapy treatment or distant metas-
tasis at initial presentation. The oestrogen receptor/
progesterone receptor (PR) positivity was defined 
using the Quick Score, which measures immunohis-
tochemistry (IHC) staining with a  threshold set at  
> 4. The nodal status assessment was based on post-
operative histopathology reports. The  immunohis-
tochemistry staining is done utilising Ki-67 (MM1 
clone) monoclonal antibody (a  mouse anti-human 
monoclonal antibody) in sections of  formalin-fixed 
paraffin-embedded tumour tissue. We used the  In-
ternational Ki-67 in Breast Cancer Working Group 

(IKWG) recommended standardised visual counting 
using light microscopy or from a digital image meth-
od. An initial assessment performed by eyeballing 
the slide, selecting the most active area to cells with 
nuclear positivity, is carried out. Then the total num-
ber of positive-staining tumour cells in each image/
field is visually counted followed by counting the total 
number of tumour cells in each image/field, counting 
a minimum of 500 such cells. A  simple calculation 
of the Ki-67 index is done as follows: number of pos-
itive tumour cells/total number of  tumour cells × 
100. The Ki-67 proliferative index is reported in per-
centage format. The Ki-67-PI results were then cate-
gorised into 3 groups based on the guidelines provid-
ed by IKWG. The categories were defined as follows: 
low (≤ 5%), intermediate (6–29%), and high Ki-67-PI 
(≥ 30%). To investigate the  relationship between 
Ki-67-PI and ODX-RS, the  correlation between 
these 2 variables was assessed. The  oncotype DX 
assay is conducted centrally in the  clinical referen
ce laboratory of  Genomic Health, Inc., located in 
Redwood City, California. It is specifically opti-
mised for formalin-fixed, paraffin-embedded resec- 
ted tumour samples. The assay evaluates the activity 
of 16 cancer-related genes and 5 control genes using 
polymerase chain reaction in the excised breast can-
cer tissue (Table 1). The  oncotype DX recurrence 
score is generated by an automated algorithm.  
It assigns a score to the expression of the 16 cancer- 
related genes, multiplied by a factor specific to each 
gene’s assigned group. This score is then compared to 
the mean expression of 5 reference genes to calculate 
the  overall ODX-RS. The  oncotype DX recurrence 
score is presented as a value ranging 0–100, indicat-
ing the disease recurrence risk. In cases of multifo-
cal/multi-centric disease, each lesion is individually 
tested, and the highest ODX-RS score among the le-
sions is considered. The cohort in this study was di-

Low ODX-RS
n = 25

High ODX-RS 
n = 23 

Endocrine 
therapy only 

n = 97

71
17

Chemo-endocrine 
therapy 
n = 40 

Fig. 1. Oncotype DX recurrence score testing pathway
ER – oestrogen receptor, HER – human epidermal growth factor receptor, N0 – node- 
negative, N1 – node-positive, ODX-RS – Oncotype DX recurrence score

Operated breast 
cancer cases 

n = 870 

Oncotype DX 
recurrence score 

ER+, HER2–, 
N0-N1 
n = 137

Intermediate 
ODX-RS 
n = 88 

Triple–, HER2+, 
n ≥ 2,T4, distant 

metastases, upfront 
endocrine/chemotherapy 

n = 733 
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vided into 3 risk groups: low-risk (ODX-RS < 11), 
intermediate-risk (ODX-RS 11–25), and high-risk 
(ODX-RS > 25), following the categorisation used 
in the  TAILORx study and the  National Compre-
hensive Cancer Network guidelines. Demographic 
and clinicopathological data were obtained from 
the patients’ clinical records. The recommendations 
of the multidisciplinary team regarding adjuvant en-
docrine treatment and adjuvant chemotherapy were 
also analysed. Statistical analysis was performed using 
Microsoft Excel 2010, with continuous variables pre-
sented as mean and standard deviation. Student’s 
t-test and the χ2 test were used to compare categori-
cal data. A p-value of ≤ 0.05 was considered statisti-
cally significant for all analyses.

Results

The cohort included 137 female patients with an 
age range 34–78 years. The mean age at diagnosis 

was 56 years (SD ±11). The patients’ demographic 
data, tumour characteristics, and management de-
tails are demonstrated in Table II. In terms of age dis-
tribution, 40% of the patients were 50 years of age 
or younger, 45% were between the ages of 51 and 
70 years, and 15% were over 70 years old. Regard-
ing ODX-RS classification, 19% of the patients had 
a  low-risk ODX-RS, 64% had an intermediate-risk 
ODX-RS, and 17% had a high-risk ODX-RS. Most 
of  the  lesions (74%) were T2 tumours, with sizes 
ranging from > 20 to ≤ 50 mm. T1 tumours, with 
sizes ≤ 20 mm, accounted for 18% of  cases, while 
T3 tumours, with sizes > 50 mm, were observed in 
only 7% of cases. Tumour grade analysis showed that 
73% of the tumours were grade 2, followed by grade 
3 in 23% of cases, and grade 1 in only 4% of cases. 
Regarding pathomorphology, most cases (78%) were 
classified as invasive breast carcinoma of  no special 
type (formerly known as invasive ductal carcinoma). 
Invasive lobular carcinoma was encountered in 14% 

Table I. Genes included in oncotype DX recurrence score assay [2]

Gene Gene function Scoring 
group

Multiplication 
factor

Grb7 Signalling protein recruited to various tyrosine kinases, including 
HER2/neu

HER2 0.47

HER2 Growth factor receptor. Overexpression leads to conversion  
to an oncogene

0.47

ER Membrane receptors which can modify intracellular signalling Oestrogen –0.34

PR Membrane receptors which can modify intracellular signalling –0.34

BCL-2 Anti-apoptotic oncogene –0.34

SCUBE2 Glycoprotein with a role in sonic hedgehog pathway signalling –0.34

Ki-67 Proliferation marker Proliferation 1.04

STK15 Stabilization of chromosomes during mitotic segregation 1.04

Survivin Inhibition of apoptosis 1.04

Cyclin B1 Component of maturation-promoting factor, stimulation 
of the M phase of the cell cycle

1.04

MYBL2 Cell cycle progression 1.04

MMP11 Encodes stomelysin 3, important in tissue remodelling Invasion 0.1

CTSL2 Encodes cathepsin L2, stimulates hydrogen peroxide production 0.1

CD68 Upregulated in breast cancer lines that have a high capacity  
to metastasize to bone

0.05

GSTM1 Glutathione S-transferase, detoxification –0.08

BAG1 BCL-2-associated athanogene; enhances the anti-apoptotic 
effects of BCL-2

–0.07

B-actin Cytoskeletal actin, important for cell motility and structure Reference gene 1

GAPDH Carbohydrate metabolism 1

RPLPO Encodes components of ribosomal 60S subunit 1

GUS β-glucuronidase 1

TFRC Transferrin receptor
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of cases, and the mixed subtype was present in 3.6% 
of cases. In regard to the Ki-67-PI, 34% of the cases 
had a  level of ≤ 5%, more than 80% of  this group 
had intermediate-risk ODX-RS (11–25), 17% low-
risk ODX-RS (0–10), and only 2% had high-risk 
ODX-RS (26-100). Around 36% of the cohort with 
Ki-67-PI were intermediate level (6–29%), 65% 
of  them had intermediate-risk ODX-RS, and only 
10% had high-risk ODX-RS. The group with high 
Ki-67-PI (≥ 30%) comprised 30% of  the  cohort, 
12% of the group had low-risk ODX-RS, 48% had 
intermediate-risk ODX-RS, and 40% had high-risk 
ODX-RS. The statistical analysis revealed that there 
is no significant correlation between ODX-RS and Ki-
67-PI (r = 0.511, p-value < 0.9) (Fig. 2, 3). Among 
T2 tumours, the  most frequent lesions, 87% had 
high-risk ODX-RS, and 73% had intermediate-risk 
ODX-RS (Fig. 4). The low-risk ODX-RS group had 
the largest mean tumour size and the highest num-
ber of mucinous carcinoma cases (75%). The high-
risk ODX-RS group constituted approximately 20% 
of invasive breast carcinoma of no special type (IBC, 
NST) lesions, 50% of  grade 3 tumours, and about 
40% of cases with Ki-67-PI ≥ 30%. In terms of sur-
gical procedures, 43% of the cohort underwent wide 
local excision with sentinel lymph node biopsy (WLE 
+ SLNB), while mastectomy with sentinel lymph 
node biopsy (Mx + SLNB) was performed in 38% 
of cases. Most of the cases (74%) were node negative 
(N0), 7% had lymph node micrometastases, and 18% 
were classified as N1 disease (Fig. 5). Lymphovascu-
lar invasion was present in 32% of cases, with 50% 
of  this group having an intermediate-risk ODX-RS 
and only 18% having a high-risk ODX-RS. In terms 
of adjuvant treatment, most patients with interme-
diate-risk ODX-RS received HMT only (81%). In 
contrast, all patients in the high-risk ODX-RS group 
received both endocrine therapy and chemothera-
py. Patients in the low-risk ODX-RS group received 
HMT only (Fig. 6). Radiotherapy was administered 
to 58% of  the  patients in the  low-risk ODX-RS 
group, 62% of the patients in the intermediate-risk 
ODX-RS group, and 64% of the patients in the high-
risk ODX-RS group.

Discussion

The  GLOBOCAN (World Health Organisation 
Global Cancer Institute) database reports reveal that 
breast cancer has become the most commonly diag-
nosed cancer globally, surpassing lung cancer. Unfor-
tunately, one in every 8 women of reproductive age 
and beyond is diagnosed with breast cancer. In 2020, 
there were approximately 2.3 million new cases 
of breast cancer in both genders (11.7%). This was 
followed by lung cancer (11.4%), colorectal cancer 
(10.0%), prostate cancer (7.3%), and stomach cancer 
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(5.6%) [6]. Breast cancer represents a significant por-
tion of female cancer cases, accounting for one-quar-
ter of all cases. It continues to have a substantial im-
pact on cancer-related mortality worldwide, with an 
estimated 685,000 deaths attributed to breast cancer, 
representing 30% of  all cancer-related deaths. This 
translates to approximately one in every 6 cancer- 
related female deaths [7, 8]. In the  UK, there are 
around 56,000 new cases of breast cancer each year, 
averaging more than 150 new cases per day. Breast 
cancer is the most common cancer in both genders, 
accounting for 15% of  all new cancer cases. It is 
followed by prostate cancer (14%) and lung cancer 
(13%). Bowel cancer ranks as the  fourth most fre-
quent cancer in the UK, accounting for 11% of all 
newly diagnosed cases [8, 9]. Globally, lung cancer 
remains the  leading cause of  cancer-related deaths, 

Fig. 2. Ki-67 proliferative index and oncotype DX recurrence score in each patient
Ki-67-PI – Ki-67 proliferative index, ODX-RS – Oncotype DX recurrence score
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with 1.8 million deaths (18%). This is followed by 
colorectal cancer (9.4%), liver cancer (8.3%), stom-
ach cancer (7.7%), and female breast cancer (6.9%) 
[6]. Breast cancer poses a  significant burden on 
the global population, particularly among individuals 
aged 50 years and older. More than 70% of all new-
ly diagnosed cases and 81% of all deaths related to 
breast cancer occur in this age group. Unfortunately, 
transitioning countries bear a disproportionate share 
of breast cancer deaths [7]. In the UK, lung cancer 
is the most common cause of cancer-related deaths, 
accounting for 21% of all cancer deaths. Bowel can-
cer ranks second, responsible for 10% of  all cancer 
deaths. Prostate cancer is the  third leading cause 
of cancer mortality in the UK, with a rate of 7.3%. 
Breast cancer is recognised as the fourth most com-
mon cause of cancer death in the UK, with around 
11,500 deaths occurring each year, equivalent to  
32 deaths every day. Breast cancer accounts for 6.8% 
of all cancer deaths in the UK [8, 9]. The incidence 
and mortality rates of  newly diagnosed breast can-
cer vary significantly across different regions and age 
categories. In Middle Africa, postmenopausal wom-
en account for 43% of new cases and 49% of breast 
cancer-related deaths. In Northern America, West-
ern Europe, and Northern Europe, these figures in-
crease to 80% of new cases and 90% of breast cancer- 
related deaths occurring in the postmenopausal age 
group [7, 10]. Western countries continue to exhibit 
the highest age-standardised incidence rates of breast 
cancer, with rates exceeding 30 per 100,000 for pre-
menopausal women and exceeding 300 per 100,000 for 
postmenopausal women. The highest breast cancer- 
related mortality rates in the  premenopausal age 
group were reported in Melanesia, Middle Africa, 
and Western Africa (8.2–9.8 per 100,000), while the  
lowest rates were observed in New Zealand and Aus-
tralia (2.9 per 100,000) [7, 10]. 

The  distribution of  Ki-67 protein within cells 
varies during different stages of  the  cell cycle. It is 
strongly expressed in proliferating cells during the late 
G1, S, G2, and M phases, which are active phases 
of  the  cell cycle. However, its expression is not de-
tected at the  same level during the  G0 and early 
G1 phases, which are resting or quiescent phases 
of the cell cycle. Ki-67 plays roles in both the inter-
phase and mitotic stages of  the  cell cycle. During 
interphase, it is crucial for maintaining the  normal 
cellular distribution of heterochromatin antigens and 
their association with the nucleolus. During mitosis,  
Ki-67 is involved in the  formation of  the  peri- 
chromosomal layer, which is a ribonucleoprotein sheath 
that coats the condensed chromosomes. In this con- 
text, Ki-67 prevents the aggregation of mitotic chro-
mosomes, contributing to proper chromosome segre-
gation [11]. Ki-67, as a marker of cell proliferation, 
plays a role in the management of malignant diseases 
due to its significantly higher expression in tumour 
cells compared to normal cells [12]. Several studies 
have shown the association between Ki-67-PI expres-
sion and the response to systemic cancer treatments, 
as well as prognosis, in both the neoadjuvant and ad-
juvant settings [13]. Some authors have suggested 
that Ki-67-PI may be used as a prognostic indicator 
in ER+ early breast cancer [14]. However, its use as 
a predictive measure of adjuvant chemotherapy ben- 
efit is not currently recommended in clinical practice. 
This is due to limitations such as variability in labo- 
ratory methods for measuring Ki-67-PI and the use 
of  different cut-off points, which hinder its consis-
tent applicability [5]. The 2013 St. Gallen Consen-
sus Conference in 2013 recommended utilisation  
of Ki-67-PI in categorising ER+/HER2– early breast 
cancer into Luminal A and Luminal B subtypes [15]. 

The  Consensus Conference proposed classifying 
breast cancer into 5 subgroups:

Fig. 5. Axillary lymph node status in the  categorised 
groups of oncotype DX recurrence score 
N – node, ODX-RS – Oncotype DX recurrence score
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Fig. 8. Oncotype DX recurrence score guided breast cancer management
CTH – chemotherapy

1.	 Luminal A: ER+, PR+, HER2–, and low Ki-67-PI;
2.	 �Luminal B (HER2–): ER+, HER2–, and either high 

Ki-67-PI or low PR expression;
3.	 �Luminal B-like (HER2+): ER+, HER2 overex-

pressed or amplified, any Ki-67-PI, and any PR;
4.	 HER2-enriched: HER2 overexpressed or ampli-

fied; ER and PR–; 
5.	 �Triple-negative: ER and PR absent and HER2–  

[12, 15].
One of  the  recent significant advancements in 

the medical treatment of ER+, HER2– early breast 
cancer is the  approval of  cyclin-dependent kinase  
4 (CDK4) and cyclin-dependent kinase 6 (CDK6) in-
hibitors, such as abemaciclib, in combination with 
adjuvant HMT [16, 17]. Cyclin-dependent kinase  
4 is an enzyme encoded by the  CDK4 gene and is 
a  critical component of  the protein kinase complex 
involved in the G1 phase of the cell cycle. Abemaciclib 
is a selective small-molecule inhibitor of CDK4 and 
CDK6. It is 14 times more potent against CDK4 than 
CDK6 in enzymatic assays. In the  United States, 
the current recommendations advise the use of abe-
maciclib for patients with ER+, HER2–, node-positive 
disease who are at high risk of recurrence and have 
a Ki-67-PI (measured by a US Food and Drug Ad-
ministration [FDA]-approved test) of ≥ 20% [16, 17]. 
The USA FDA has approved the above recommenda-
tions for breast cancer cases where the Ki-67 has been 
tested using the  Ki-67 IHC MIB-1 pharmDx kit, 
which is an IHC test. This was based on the findings 
of  the  monarchE study, which investigated the  use 
of  endocrine therapy with or without abemaciclib 
(LY2835219) following surgery in participants with 
breast cancer. In a  study involving 5637 randomly 
assigned patients, a cohort of 323 invasive disease-free 
survival (IDFS) events were observed in the intent-to-
treat group. After a  median observation period of  

15.5 months, the  addition of  abemaciclib to HMT 
demonstrated superior IDFS compared to HMT alone 
(p = 0.01; HR: 0.75; 95% CI: 0.60–0.93). The 2-year 
IDFS rates were 92.2% in the abemaciclib group vs. 
88.7% in the HMT alone group, resulting in an ab-
solute improvement of 3.5% at 2 years [16, 17]. This 
study has demonstrated that the CDK4 and CDK6 
inhibitor abemaciclib, when added to standard adju-
vant HMT, significantly improves IDFS in patients 
with ER+, HER2–, node-positive early breast cancer 
at high risk of early recurrence [17]. It has been re-
ported that the nuclear protein Ki-67 can trigger cell 
death after light inactivation using the  tubulin β-9 
chain antibody (TUBB-9). In 2016, Wang et al. pub-
lished a  paper demonstrating a  dual targeting ap-
proach for the selective and efficient light-controlled 
killing of cells expressing both epidermal growth fac-
tor receptor (eGFR) and Ki-67. Erbitux is an eGFR 

Fig. 7. Dually targeted strategy against the  membrane 
protein epidermal growth factor receptor and the nuclear 
protein Ki- 67 [19]
BPD – benzoporphyrin derivatives, eGFR – epidermal growth factor receptor
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monoclonal antibody clinically indicated for the treat-
ment of metastatic head and neck cancer as well as 
colorectal cancer [18, 19]. In the context of targeted 
cancer therapy, the covalently linked eGFR inhibitor 
Erbitux complexed with liposomes allows eGFR- 
positive tumour cells pre-loaded with the photoactive 
dye benzoporphyrin derivatives to selectively uptake 
the fluorescein isothiocyanate-labelled Ki-67 antibody 
TUBB-9 [20–22]. This indicates the promising use 
of  Ki-67 as a  site for targeted cancer therapy  
(Fig. 7). The standard treatment for early breast can-
cer typically involves surgical tumour resection, which 
may be accompanied by axillary lymph node surgery 
if necessary. In addition to surgery, systemic adjuvant 
treatments are commonly employed to reduce the risk 
of  distant recurrence and improve breast cancer- 
specific survival. These treatments include HMT and 
chemotherapy. The  probability of  overexpression 
of certain genes related to breast cancer can potential-
ly characterise the risk of disease recurrence as well as 
distant metastasis. Multi-gene panel testing is utilised 
to personalise early breast cancer adjuvant systemic 
treatment. These tests include various gene panels, 
such as the  21-gene assay (ODX-RS), the  70-gene 
panel (MammaPrint), the 50-gene panel (Prosigna), 
the  12-gene panel (EndoPredict), and the  7-gene  
panel (Breast Cancer Index). In the  21-gene assay, 
the quantitative analysis of gene expression involves 
the measurement of 5 reference genes (ACTB, TFRC, 
GAPDH, GUSB, and RPLP0) and 16 cancer-related 
genes (Table 1). These cancer genes include those cod-
ing for HER2 (HER2 and GRB7), ER-related genes 
(ER, PGR, BCL2, and SCUBE2), proliferation-related 
genes (MKI-67, STK15, BIRC5, CCNB1, and 
MYBL2), and invasion-related genes (MMP11 and 
CTSL2), as well as GSTM1, CD68, and BAG1 
[23, 24]. A 21-gene assay is a valuable tool in predict-
ing the  risk of distant breast cancer recurrence and 
determining the potential benefit of adjuvant chemo-
therapy in addition to endocrine therapy after surgery. 
It serves as an established prognostic indicator for 
malignant tumours and has been extensively studied 
in clinical research [23–29]. This can aid clinicians in 
planning personalised management plans for patients 
with early-stage breast cancer (Fig. 8). The utilisation 
of genomic assay tests in early breast cancer patients 
is crucial to avoiding the administration of adjuvant 
chemotherapy with negligible benefit. Without these 
tests, some patients may receive chemotherapy unnec-
essarily, exposing them to potentially harmful side 
effects. On the other hand, patients who require che-
motherapy but do not receive it may be at an increased 
risk of recurrence; additionally, utilising genomic assay 
tests improves cost-effectiveness and ensures better 
utilisation of healthcare resources [1, 24]. The West 
German Study Group Phase III Plan B Trial report, 
published in 2016, demonstrated the use of ODX-RS 

to identify a  subgroup of patients who could safely 
omit adjuvant chemotherapy and receive HMT alone. 
The study involved 3198 patients with a median age 
of 56 years, of whom 32.5 had grade 3 tumours and 
41% had node-positive disease. Adjuvant chemother-
apy was omitted in 15.3% of  patients with an  
ODX-RS ≤ 11. After a median follow-up period of  
35 months, the 3-year disease-free survival (DFS) was 
98% for patients with an ODX-RS ≤ 11 who received 
HMT only. The disease-free survival was also 98% for 
patients with an ODX-RS between 12 and 25 who 
received adjuvant chemotherapy and 92% for patients 
with an ODX-RS > 25 who received adjuvant che-
motherapy. The  study found that ODX-RS, along 
with traditional biomarkers such as ER status, tumour 
size, lymph node involvement, tumour grade, and 
the Ki-67 protein, were significant univariate prog-
nostic factors for DFS. The same report revealed that 
ODX-RS was positively but moderately correlated 
with the Ki-67 protein encoded by the MKI67 gene 
and tumour grade. However, it was negatively cor-
related with PR and ER expression. The study con-
cluded that patients with 1–3 node involvement and 
high traditional biomarkers who omitted adjuvant 
chemotherapy based on an ODX-RS ≤ 11 had excel-
lent 3-year DFS. In addition, the observed correlation 
between ODX-RS and survival rate supports the find-
ings of other retrospective studies. Another important 
finding from the authors is that the clinical outcome 
results, as well as the prospective results of the TAI-
LORx trial low-risk arm published in 2015, suggest 
that patients with a low ODX-RS ≤ 11 derive no clin-
ical benefit from the adjuvant chemotherapy [24, 25]. 
In the REHAB study conducted in our institution, 
ODX-RS altered treatment recommendations in 29% 
of patients. In the REHAB study, which is limited by 
a relatively small sample size, it was found that 16% 
of patients were initially recommended for chemo-en-
docrine therapy without considering their ODX-RS 
results. However, when ODX-RS was utilised, it re-
sulted in de-escalating treatment for 65% of patients 
from the  initial chemotherapy group to hormonal 
therapy only. Additionally, 14% of  patients who 
would have initially received adjuvant endocrine ther-
apy had chemotherapy added based on their ODX-RS 
results. On the other hand, before ODX-RS utilisa-
tion, HMT alone was recommended for 84% 
of the cohort. However, after ODX-RS results, 28% 
of  these patients had their treatment changed to  
chemo-endocrine therapy [24]. In the current study, 
most patients had a  low or intermediate ODX-RS 
score (83%), and 71% of the cohort did not receive 
chemotherapy (Fig. 1). Patients with high-risk ODX-
RS scores received chemo-endocrine therapy, and only 
20% of those with intermediate ODX-RS scores re-
ceived this treatment. All patients with low-risk 
ODX-RS scores did not receive chemotherapy. 
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The study also found that the concordance rate be-
tween Ki-67-PI and ODX-RS was low. Only 4% 
of  cases showed intermediate Ki-67-PI with high 
ODX-RS, and 12% of  cases showed high Ki-67-PI 
with high ODX-RS. Conversely, a minimal number 
of cases with high-risk ODX-RS scores showed low 
Ki-67-PI expression. In 2018, Tan et al. from Wah-
roonga in Australia analysed results of 58 luminal-type 
node-negative early breast cancer (T1-2, N0-1mi, 
M0, ER+, HER2–) patients and found that Ki-67-PI 
and conventional prognostic markers do not correlate 
with ODX-RS [30]. Durrani et al., in their research 
conducted in Saudi Arabia in 2021, analysed the data 
of 156 early breast cancer patients; the study revealed 
that age, size of the tumour, Ki-67-PI, and axillary 
nodal status did not have a statistically significant im-
pact on ODX-RS in the targeted patient population 
[31]. In another larger study in Mount Sinai/Tisch 
Cancer Institute-New York, Patel et al. in 2022 pub-
lished a  paper looking at the  relationship between  
Ki-67-PI and ODX-RS in 525 patients with hor-
mone-positive breast cancer. In this study there was 
no significant correlation between Ki-67-PI and 
ODX-RS in the overall cohort population, and there 
was fair agreement between high Ki-67 and high 
ODX-RS values [5]. Conversely, Copur et al. from 
Morrison Cancer Centre in the USA in 2022 present-
ed results of 43 postmenopausal early stage 0–3 node/
hormone-positive breast cancer patients, and their 
data support a linear, statistically significant, positive 
correlation between Ki-67-PI and ODX-RS (Pearson 
correlation coefficient = 0.49, p-value < 0.001) [32]. 
Looking to the results from this study, we can accept 
that no significant correlation exists between ODX-RS 
and Ki-67-PI (r = 0.511, p-value < 0.9); this obser-
vation is supported by the majority of the published 
studies.

Conclusions

The oncotype DX recurrence score is a reliable tool 
for de-escalating breast cancer management from che-
mo-endocrine therapy to hormonal therapy alone. In 
addition, it is reliable in determining prognosis and as-
sisting in making chemotherapy decisions for patients 
who would otherwise only receive adjuvant endocrine 
therapy. Although our study is limited by a relatively 
small cohort, it demonstrates that there is no signifi-
cant correlation between ODX-RS and Ki-67-PI.

The authors declare no conflict of interest.

References
1.	Choi JDW, Hughes MD, Marx G, et al. The utility of the onco-

type DX test for breast cancer patients in an Australian multi-
disciplinary setting. Breast J 2022; 2022: 1199245. 

2.	McVeigh TP, Kerin MJ. Clinical use of the oncotype DX ge-
nomic test to guide treatment decisions for patients with in-
vasive breast cancer. Breast Cancer (Dove Med Press) 2017; 
9: 393-400. 

3.	Chen TH, Wei JR, Lei J, et al. A Clinico-genetic prognostic 
classifier for prediction of

4.	recurrence and survival in Asian breast cancer patients. Front 
Oncol 2021; 11: 645853. 

5.	Mulla N, Alnouri A, Al Majed MM, et al. Determine the rela-
tionship between Ki 67 and oncotype DX. J Clin Oncol 2016; 
34: e12017. 

6.	Patel R, Hovstadius M, Kier MW, et al. Correlation of the Ki67 
Working Group prognostic risk categories with the oncotype 
DX recurrence score in early breast cancer. Cancer 2022; 128: 
3602-3609. 

7.	Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: 
GLOBOCAN estimates of incidence and mortality worldwide 
for 36 cancers in 185 countries. CA Cancer J Clin 2021; 71: 
209-249. 

8.	Arnold M, Morgan E, Rumgay H, et al. Current and future 
burden of breast cancer: global statistics for 2020 and 2040. 
Breast2 022; 66: 15-23. 

9.	Saad Abdalla Al-Zawi A, Yin S, Mahmood B, et al. The on-
cotype DX recurrence score’s impact on the  management 
of oestrogenpositive/human epidermal growth factor receptor 
2-negative, low-burden axillary status breast cancer (REHAB 
Study): results of a single centre. Cureus 2022; 14: e27341. 

10.	Cancer Statistics for the  UK. Cancer Research UK. Availa- 
ble from: https://www.cancerresearchuk.org/health-professional/ 
cancer-statistics-for-the-uk (accessed: 24.06.2023).

11.	Lima SM, Kehm RD, Terry MB. Global breast cancer incidence 
and mortality trends by region, age-groups, and fertility pat-
terns. EClinicalMedicine 2021; 38: 100985. 

12.	Sun X, Kaufman PD. Ki-67: more than a proliferation marker. 
Chromosoma 2018; 127: 175-186. 

13.	Abdalla Al-Zawi AS, Elamass M, Kapturek A, Idaewor P.  
Ki-67 proliferative index correlation to the  immunohisto-
chemistry profile in early female breast cancer: a review of 515 
cases. Med Res J 2021; 6: 108-113. 

14.	Sahebjam S, Aloyz R, Pilavdzic D, et al. Ki 67 is a major, but 
not the  sole determinant of  oncotype DX recurrence score.  
Br J Cancer 2011; 105: 1342-1345 . 

15.	Cuzick J, Dowsett M, Pineda S, et al. Prognostic value 
of  a  combined estrogen receptor, progesterone receptor,  
Ki-67, and human epidermal growth factor receptor 2 im-
munohistochemical score and comparison with the Genomic 
Health recurrence score in early breast cancer. J Clin Oncol 
2011; 29: 4273-4278. 

16.	Inic Z, Zegarac M, Inic M, et al. Difference between Luminal 
A and Luminal B subtypes according to Ki-67, tumor size, and 
progesterone receptor negativity providing prognostic infor-
mation. Clin Med Insights Oncol 2014; 11: 107-111.

17.	Dowsett M, Nielsen TO, Rimm DL, et al. Ki67 as a  com-
panion diagnostic: good or bad news? J Clin Oncol 2022; 40: 
3796-3799. 

18.	Johnston SRD, Harbeck N, Hegg R, et al. Abemaciclib com-
bined with endocrine therapy for the  adjuvant treatment 
of HR+, HER2-, node-positive, high-risk, early breast cancer 
(monarchE). J Clin Oncol 2020; 38: 3987-3998. 

19.	Wong SF. Cetuximab: an epidermal growth factor receptor 
monoclonal antibody for the  treatment of  colorectal cancer. 
Clin Ther 2005; 27: 684-694. 

20.	Wang S, Hüttmann G, Scholzen T, et al. A  light-controlled 
switch after dual targeting of  proliferating tumor cells via 
the membrane receptor eGFR and the nuclear protein Ki-67. 
Sci Rep 2016; 1: 27032. 

21.	Wang S, Hüttmann G, Rudnitzki F, et al. Indocyanine green as 
effectiveantibody conjugate for intracellularmolecular targeted 
photodynamictherapy. J Biomed Optics 2016; 21: 78001. 



18

Abdalla Saad Abdalla Al-Zawi, Kristina Arsenievna Anichkina, Mohamed Elamass, Zina Aladili

22.	Matthews JL, Sogandares-Bernal F, Judy M, et al. Inactivation 
of viruses with photoactive compounds. Blood Cells 1992; 18: 
75-88.

23.	Takai H, Kato A, Nakamura T, et al. The importance of char-
acterization of  FITC-labeled antibodies used in tissue cross- 
reactivity studies. Acta Histochem 2011; 113: 472-476. 

24.	Paik S, Shak S, Tang G, et al. A multigene assay to predict 
recurrence of tamoxifen-treated, node-negative breast cancer. 
N Engl J Med 2004; 351: 2817-2826.

25.	Gluz O, Nitz UA, Christgen M, et al. West German Study 
Group Phase III PlanB trial: first prospective outcome data for 
the 21-gene recurrence score assay and concordance of prog-
nostic markers by central and local pathology assessment.  
J Clin Oncol 2016; 34: 2341-2349. 

26.	Sparano JA, Gray RJ, Makower DF, et al. Prospective valida-
tion of a 21-gene expression assay

27.	in breast cancer. N Engl J Med 2015; 33: 2005-2014.
28.	Saad Abdalla Al-Zawi A , Yin SL, Aladili Z. Lympho-vascular 

invasion in hormone-positive, human epidermal growth factor- 
negative, low-burden axillary disease in early breast cancer 
patients tested for oncotype DX recurrence score. Contemp 
Oncol (Pozn) 2022; 26: 139-143.

29.	Nitz U, Gluz O, Christgen M, et al. Reducing chemotherapy 
use in clinically high-risk, genomically low-risk pN0 and pN1 
early breast cancer patients: five-year data from the prospec-
tive, randomised phase 3 West German Study Group (WSG) 
PlanB trial. Breast Cancer Res Treat 2017; 165: 573-583. 

30.	Kalinsky K, Barlow WE, Gralow JR, et al. 21-gene assay to 
inform chemotherapy 

31.	benefit in node-positive breast cancer. N Engl J Med 2021; 
385: 2336-2347.

32.	Sparano JA, Gray RJ, Makower DF, et al. Adjuvant chemo-
therapy guided by a 21-gene expression assay in breast cancer. 
N Engl J Med 2018; 379: 111-121. 

33.	Tan AC, Li BT, Nahar K, et al. Correlating Ki67 and other 
prognostic markers with oncotype DX recurrence score in 
early estrogen receptor-positive breast cancer. Asia Pac J Clin  
Oncol 2018; 14: e161-e166. 

34.	Durrani S, Al-Mushawa F, Heena H, Wani T, Al-Qahtani A. 
Relationship of  oncotype DX score with tumor grade, size, 
nodal status, proliferative marker Ki67 and Nottingham Prog-
nostic Index in early breast cancer tumors in Saudi Population. 
Ann Diagn Pathol 2021; 51: 151674. 

35.	Copur MS, Peterson T, Tun SM, et al. The relationship of onco-
type DX recurrence score (RS) with Ki 67 in early stage breast 
cancer patients in a  community based cancer center in rural 
central Nebraska. J Clin Oncol 2022; 40: e12566.

Address for correspondence

Abdalla Saad Abdalla Al-Zawi, MBBCH, SD,  
PhD, FRCS
Basildon and Thurrock University Hospital
Basildon, United Kingdom
Phone: 447710605140
e-mail: abdalasaad@gmail.com


