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Abstract

Aim: Decisions regarding adjuvant chemotherapy for early breast cancer are complex. Ki67 is 

increasingly used, in conjunction with conventional prognostic markers, to help decide the use of 

adjuvant chemotherapy for early breast cancer. Ki67 has been proposed as an economical 

alternative to Oncotype DX recurrence score (RS), which is a validated prognostic marker for 

disease recurrence and predictive marker for benefit from chemotherapy. This study aimed to 

determine, in patients where conventional prognostic markers did not provide a clear 

recommendation for adjuvant chemotherapy, whether Ki67 could be a substitute for RS.

Methods: We reviewed all cases of luminal type node negative early breast cancer (T1–2, N0–

1mi, M0, ER positive, HER2 negative) referred for Oncotype DX testing by the multidisciplinary 

team at an Australian tertiary private hospital from 14th December 2006 to 31st December 2013, 

when conventional prognostic markers did not provide a clear recommendation for adjuvant 

chemotherapy. RS was correlated with Ki67, along with other conventional prognostic markers 

including tumour size, grade, mitotic rate and lymphovascular invasion. Spearman’s rank order 

correlation coefficient and Pearson product-moment correlation coefficient (r) were used for 

ordinal and continuous variables respectively.

Results: A total of 58 patients were analysed, median Ki67 was 15% (range 2–50%), the median 

RS was 16 (range 3–65). There was no positive correlation between Ki67 and RS (r=0.01, 

p=0.93). No single conventional prognostic marker was shown to significantly correlate with RS, 

Corresponding Author A/Prof Gavin M. Marx, SAN Integrated Cancer Centre, Sydney Adventist Hospital, 185 Fox Valley Rd, 
Wahroonga, NSW 2076, Australia, Phone: +61 2 9480 4280, Fax: +61 2 9473 8830, gmarx@nhog.com.au. 

Disclosures
BTL has received consulting fees from Biosceptre International; all other authors declare no competing interests.

HHS Public Access
Author manuscript
Asia Pac J Clin Oncol. Author manuscript; available in PMC 2021 April 26.

Published in final edited form as:
Asia Pac J Clin Oncol. 2018 April ; 14(2): e161–e166. doi:10.1111/ajco.12779.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



including tumour size (r=−0.02, p=0.88), grade (r=0.10, p=0.44), mitotic rate (r=−0.07, p=0.69) 

and lymphovascular invasion (r=−0.12, p=0.39).

Conclusion: Ki67 and conventional prognostic markers do not correlate with Oncotype DX RS. 

In the setting where conventional prognostic markers do not show a clear indication for or against 

adjuvant chemotherapy as determined by consensus in a multidisciplinary team, Ki67 is not a 

substitute for Oncotype DX testing. RS may provide additional information to aid decision making 

for adjuvant chemotherapy.

Keywords

Early breast cancer; Ki67; Oncotype DX

Introduction

Adjuvant endocrine therapy for patients with early stage oestrogen receptor positive breast 

cancer has been shown to significantly reduce breast cancer mortality, and consequently in 

practice the majority of these patients receive endocrine therapy.1, 2 Decisions regarding 

adjuvant chemotherapy however, are complex, with the benefits of therapy weighed against 

the potential risks and harms of treatment.3 A number of conventional prognostic markers 

are routinely used to help with the decision including tumour size, grade, mitotic rate and 

lymphovascular invasion.

Oncotype Dx is a 21-gene expression assay that has been developed for patients with 

hormone receptor positive breast cancers, which uses an algorithm to provide a recurrence 

score (RS). It has been validated to prognosticate the risk of distant recurrence in patients 

treated with endocrine therapy, and predict the magnitude of benefit for the addition of 

chemotherapy.4–7 However, due to the cost of the assay and some additional turnaround 

time, it is not routinely performed for all patients in Australia and most parts of the world. 

For patients in whom the decision for adjuvant chemotherapy is unclear based on 

conventional prognostic markers, clinicians or multidisciplinary teams including ours at the 

Sydney Adventist Hospital may recommend the use of the Oncotype Dx assay to assist with 

clinical decision-making.

Ki67 protein expression by immunohistochemistry is a proliferation marker which has been 

increasingly used by clinicians to help with decision making on adjuvant chemotherapy.8 In 

our centre, Ki67 was considered in conjunction with conventional prognostic markers in 

decisions on adjuvant chemotherapy, however controversy regarding its use was recognised. 

We sought to determine whether Ki67 may be an economical alternative to Oncotype Dx RS 

to guide adjuvant chemotherapy recommendations in the particular setting where 

conventional prognostic markers have failed to yield a clear answer.

Patients and Methods

We conducted a retrospective, single centre study at the Sydney Adventist Hospital, a 

tertiary private hospital in Sydney, Australia. We retrieved clinical data from consecutive 

patients with luminal type (A and B), node-negative, oestrogen-receptor positive, Her2 
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negative early breast cancer who were referred for Oncotype DX testing by the Breast 

Cancer Multidisciplinary Team from 14th December 2006 to 31st December 2013, when 

conventional prognostic markers did not provide a clear recommendation for adjuvant 

chemotherapy. This involved a consensus decision between surgeons, medical oncologists 

and radiation oncologists based on tumour Nottingham grade, size, mitotic rate and presence 

of lymphovascular invasion. This was assessed on an individual case-by-case basis, however 

was consistent with published guidelines.3 The Adventist HealthCare Limited Ethics 

Committee, a registered Human Research Ethics Committee (EC00141), approved the study.

Histopathologic examination

The primary lesion, axillary lymph node status and various biomarkers were evaluated 

following surgical resection. This was based on standard pathology reporting guidelines for 

breast cancer in Australia.9 Haematoxylin and eosin stained, formalin-fixed, paraffin-

embedded tumour sections were examined to confirm pathological staging (T1–2, N0–1mi), 

tumour size, grade, mitotic rate and the presence of lymphovascular invasion. Oestrogen 

receptor (ER) status was evaluated using immunohistochemical staining of breast specimens 

and considered positive if there was moderate to strong nuclear staining in ≥1% of the 

tumour cells. Her2 status of the tumour was evaluated using immunohistochemical staining 

and confirmed with fluorescence in-situ hybrodization (FISH), chromogenic in-situ 

hybridisation (CISH) or silver-enhanced in situ hybridisation (SISH) testing. Her2 was 

considered negative if the HER2/CEP17 ratio <2 and gene copy number <4 signals/cell.10 

Ki67 was evaluated using immunohistochemical staining with rapid semiquantitative 

assessment (SQA) on single stained sections, by two independent pathologists in the areas of 

strongest expression or maximum proliferative activity to result in a percentage Ki67 index. 

Axillary nodal status was confirmed on histopathology based on sentinel lymph node biopsy. 

Clinical or radiological staging was used to confirm non-distant metastatic disease.

Oncotype DX

Patients were referred for Oncotype DX testing (Genomic Health, Redwood City, CA, USA) 

a 21-gene panel assay, after reviewing conventional prognostic markers and consensus 

decision in the Breast Cancer Multidisciplinary Team meeting with informed patient 

consent. RS was grouped into low-risk (RS<18), intermediate-risk (RS 18–30) or high-risk 

groups (RS≥31) using the original validated cut-offs.4

Statistical analysis

RS was correlated with Ki67, along with other conventional prognostic markers including 

tumour size, grade, mitotic rate and lymphovascular invasion using univariate and 

multivariate analysis. RS and Ki67 were analysed as continuous variables. Grade 3 was not 

included in the univariate and multivariate analysis due to an outlier patient causing a 

violation of the assumption of normality of the error terms. Spearman’s rank order 

correlation coefficient and Pearson product-moment correlation coefficient (r) were used for 

ordinal and continuous variables respectively.
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Results

Patient and tumour characteristics

The patient and tumour characteristics are shown in Table 1. The median age was 54 years 

(range 35–70 years). The median Ki67 was 15% (range 1.5–45%, mean 16%) and the 

median RS was 16 (range 3–65, mean 19). A total of 32 of 58 (55%) of patients were given a 

low risk RS, 23 of 58 (40%) were given an intermediate risk RS, and 3 of 58 (5%) were 

given a high risk RS.

Correlation between Oncotype Dx RS and Ki67

There was no positive correlation between Ki67 and RS (r=0.01, p=0.93). A scatter plot of 

the Oncotype RS and Ki67 is shown in Figure 1.

Correlation between Oncotype Dx RS and other prognostic markers

No single conventional prognostic marker was shown to significantly correlate with RS, 

including tumour size (r=−0.02, p=0.88), grade (r=0.10, p=0.44), mitotic rate (r=−0.07, 

p=0.69) and lymphovascular invasion (r=−0.12, p=0.39). On multivariate analysis, there 

were no variables that were significant predictors of Oncotype RS (F-value=0.76, p=0.63) as 

shown in Table 2. Similarly on univariate analysis, none of the predictor variables were 

significant as shown in Table 3.

Concordance between Ki67 rating

There was significant correlation between scores from the two pathologists (r=0.86, 

p=<0.0001), with the scatter plot shown in Figure 2.

Discussion

Our study demonstrated that Ki67 could not be used as a substitute for the Oncotype DX RS 

when conventional prognostic markers do not provide a clear recommendation for adjuvant 

chemotherapy. In this group of patients, determined by consensus from a multidisciplinary 

meeting to have unclear additional benefit from adjuvant chemotherapy, Oncotype DX RS 

was used to aid clinical decision-making. Additionally there were no other conventional 

prognostic markers that correlated with the RS either alone or in combination. This suggests 

that in this highly selected subset of patients, the RS yielded a result that could not be 

determined from Ki67 or conventional prognostic markers, further indicating its independent 

value in assisting clinical decision making on the use of adjuvant chemotherapy.

Other studies have found that RS correlated with a combined oestrogen receptor, 

progesterone receptor, Ki67 and Her2 immunohistochemical score, the IHC4,11 as well as 

Ki67 alone or other proliferative markers.12, 13 Allison et al. found that there was strong 

correlation with low RS for patients with grade 1, strong PR expression and Ki67 ≤10% 

characteristics, and for high RS with grade 3, low to absent PR expression and Ki67 >10%.
14 Equations have even been developed based on conventional prognostic markers that can 

closely estimate the RS.15 However, these studies have largely looked at patients who were 

clearly low or high risk based on conventional prognostic markers. These cases correlated 
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strongly with RS which incorporates the genes expressing proliferation and hormonal status, 

including Ki67 itself. Yet in a study of 109 Israeli patients whose conventional prognostic 

markers did not provide a clear answer and who were subsequently referred for Oncotype 

DX, Wolf et al. found no correlation between standard clinicopathologic features and the 

RS.16 Similarly in our study, it is important to emphasise that patients were selected based 

on consensus at a multidisplinary meeting to not have clear recommendation for adjuvant 

chemotherapy by conventional prognostic markers. This may potentially explain the lack of 

correlation between Ki67 and RS in this group of patients whose conventional prognostic 

markers gave inconsistent biologic information (e.g. small size, low grade, high mitotic 

count, lymphovascular invasion), in contrast to previous studies of tumors had conventional 

prognostic markers that were consistently low risk or high risk. The small sample size in our 

study may also have contributed. The findings from our study of Australian patients support 

the growing evidence that in a subset of patients whose conventional prognostic markers fail 

to provide clear guidance on adjuvant chemotherapy, Oncotype DX provides additional 

independent data to help with decision making.

There is strong evidence for Ki67 as an additional prognostic marker, and it has also been 

shown to have predictive value.17–20 Ki67 may be particularly important in identifying 

Luminal B breast cancer.21 There are limitations of Ki67, particularly a lack of a 

standardised scoring system resulting in interlaboratory variation,22 different methods of 

measuring Ki67 and practical issues in implementing these for routine use in laboratories.23 

However, its utility as a relatively cost effective and simple immunohistochemical test 

should be emphasised. Furthermore, there is expert consensus recommending its use to aid 

in decision making for chemotherapy.24

In our study, there is the inherent bias associated with the selection of patients based on 

consensus from a multidisciplinary meeting. This relies on the expertise and interpretation 

from the group of clinicians including surgeons, pathologists, oncologists and radiologists 

that attended these meetings. This may not reflect practices in other centres, and may be 

indicative of our specific patient population. However this only highlights the importance of 

the multidisciplinary team in making decisions on adjuvant chemotherapy in early breast 

cancer.25 Our study also did not evaluate clinical outcomes, and consequently we are unable 

to assess the predictive utility of Ki67 or RS. It would be interesting to determine if either 

Ki67 or RS was predictive of oncologic outcomes in our group of patients. Similarly we did 

not differentiate between luminal A and B type breast cancer or analyse progesterone 

receptor positivity, histology and the presence of intratumoural heterogeneity for Ki67, and 

this represents a potential limitation of the study. Such exploratory subgroup analyses would 

require greater sample size for any statistical comparisons. Nevertheless large prospective 

studies have confirmed that the use of multigene expression assays such as Oncotype DX 

and Mammaprint can have major impacts on adjuvant treatment decision making and affect 

patient outcomes.7, 26, 27 Although there is moderate concordance and correlation between 

different assays, such as Oncotype DX and EndoPredict,28 whether Ki67 and other 

prognostic markers would correlate with other assay scores in selected patients remains to be 

elucidated.
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Conclusion

In this patient population, Ki67 and conventional prognostic markers did not correlate with 

Oncotype DX RS. In the setting where conventional prognostic markers do not show a clear 

indication for or against adjuvant chemotherapy as determined by consensus in a 

multidisciplinary team,, Ki67 is not a substitute for Oncotype DX testing. RS may provide 

additional information to aid decision making for adjuvant chemotherapy.
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Figure 1 –. 
Scatter Plot of Oncotype RS versus Ki67
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Figure 2 –. 
Scatter Plot of Ki67 between Rater 1 and Rater 2
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Table 1 –

Patient and tumour characteristics

Characteristic n (%)

Number of patients 58

Age

 <40 years 1 (1.7)

 40–49 years 21 (36.2)

 50–59 years 23 (39.7)

 ≥60 years 13 (22.4)

Tumour size (cm)

 ≤1 16 (27.6)

 1.1–2.0 38 (65.5)

 2.1–4.0 4 (6.9)

 >4.0 0 (0)

Grade

 1 8 (13.8)

 2 44 (75.9)

 3 6 (10.3)

Mitoses (/10hpf)

 <5 18 (31.1)

 5–10 30 (51.7)

 >10 10 (17.2)

Lymphovascular invasion

 Absent 45 (77.6)

 Present 13 (22.4)

Ki67 (%)

 <10 12 (20.7)

 11–20 32 (55.2)

 >20 14 (24.1)

Oncotype Dx recurrence score

 Low (<18) 32 (55.2)

 Intermediate (18–30) 23 (39.6)

 High (≥31) 3 (5.2)
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Table 2 –

Multivariate analysis of Oncotype RS with prognostic markers
†

Parameter Coefficient Estimate (95% CI) p-value

Intercept 12.24 (−2.1 – 26.61) 0.10

Ki67 −0.06 (−0.26 – 0.14) 0.58

Age 0.14 (−0.08 – 0.37) 0.21

Size −0.31 (−0.63 – 0.01) 0.06

Grade 1 0.40 (−8.49 – 9.29) 0.93

Grade 2 2.01 (−5.02 – 9.03) 0.58

Mitosis 0.14 (−0.39 – 0.67) 0.61

LVI group 1 3.28 (−1.48 – 8.05) 0.18

†
One patient was removed from the statistical analysis due to a violation of the assumption of normality of the error terms
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Table 3 –

Univariate analysis of Oncotype RS with prognostic markers
†

Univariate Parameter p-value for Overall F-test Coefficient Estimate (95% CI) p-value

Ki67 0.83 −0.02 (−0.20 – 0.16) 0.83

Age 0.63 0.05 (−0.16 – 0.27) 0.63

Size 0.21 −0.19 (−0.48 – 0.10) 0.20

Grade 1 0.55 −1.18 (−8.61 – 6.26) 0.76

Grade 2 1.54 (−4.61 – 7.69) 0.62

Mitosis 0.65 0.09 (−0.31 – 0.49) 0.65

LVI group 1 0.50 1.49 (−2.78 – 5.75) 0.49

†
One patient was removed from the statistical analysis due to a violation of the assumption of normality of the error terms
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