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Ki67
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Abstract
Objective: To identify the correlation between the OncotypeDx Recurrence score, Nottingham Prognostic Index (NPI), and Ki67.

Material & Methods: A retrospective study was conducted at Liaquat National Hospital where medical records of early-stage 
breast cancer patients, who had OncotypeDx RS done were reviewed from 2008-2019. The patient’s age, Histopathology type, 
tumor grade, size, No. of nodes involved, ER, PR, Her neu and Ki67 were collected. OncotypeDx RS, NPI, and Ki67 were 
categorized into 3 groups and statistical analysis was done to find a correlation between OncotypeDx RS, NPI and Ki67.

Result: Total 76 patient’s records were reviewed. The average age of study participants was 56.40 ± 10.32 years. Oncotype-Dx 
method categorized 34 (44.74%), 26 (34.21%) and 16 (21.05%) patients as low, moderate and high risk respectively. 18(23.68%), 
56(73.68) and 2(2.63%) were classified as low, moderate and high-risk patients by the NPI method correspondingly. According 
to Ki67, 26(40.63%), 21(32.81%) and 17(26.56%) patients were low, moderate and high risk respectively. Statistically significant 
fair agreement was only observed between Oncotype-Dx& Ki67 (k=0.33, p<0.001) with weak positive correlation (r=0.44, 
p<0.001). Further on age-stratification, it was observed that significant fair agreement (k=0.36, p<0.001) and weak positive 
correlation (r=0.45, p<0.001) between Oncotype-Dx& Ki67 risk assessment categories was for age group >50 years. On age 
stratification, moderate agreement (k=0.45, 0.002) and moderate correlation (r=0.57, p=0.005) were also observed between 
OncotypeDx& NPI risk categories for age group ≤50 years.

Conclusion: No statistically significant strong agreement and correlation were observed among three risk assessment methods. 
Further investigations should be conducted with a larger sample size to assess agreement among these risk classification methods.

Keywords: Ki67, Nottingham Prognostic Index, OncotypeDx® 
Recurrence Score, Prognosis

Introduction
Breast cancer is the commonest cancer in women, which is 
a heterogeneous disease with variable outcomes [1]. So in this 
day and age, every patient needs to know their prognosis so that 
individualized treatment can be offered. There are patients where 
the prognosis is bad and we lose the battle in no time, but there is 
a subset of patients whose outcome is so good that they may not 
get a meaningful benefit from chemotherapy. We may be able to 
avoid chemotherapy in this subset of patients if we can predict with 
certainty that their prognosis is good.

There are various ways to predict prognosis. Traditionally 
histopathology and immune histochemical variables have been 
used. The three strongest determinants in clinical practice for breast 
cancer patients are primary tumor size, lymph node stage, and 
histological grade. Hence, it is important to incorporate all three 
prognostic parameters. Nottingham grading is the most widely used 
grading system [2, 3]. Nottingham Prognostic Index calculated from 
the pathology report based on the above parameters and have been 
shown to have reasonable prognostic information and is widely 
used [4, 5]. There has been some correlation with ER/PR status 
that needs elaboration [6, 7]. Ki67 is a proliferating marker and it 
has been shown that high level of Ki67 is associated with advanced 
clinic pathological feature and poor outcome [8]. The most reliable 
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has been genetic testing like OncotypeDx, which has 21 genes and 
the Ki67 marker is one of them. OncotypeDx is a commercially 
available multi-gene assay that is used to quantify the risk of distant 
recurrence and predict the benefit of chemotherapy in early-stage 
breast cancer stage1 and 2 ER+ and PR+ and Her2 negative patients. 
The results are calculated in numerical score from 0 to 100 [9]. It has 
shown that patients with low recurrence scores on OncotypeDx have 
a very favorable outcome and one can safely avoid chemotherapy.

OncotypeDx is very expensive, despite that it is recommended by 
ASCO and NCCN guidelines in select patient subgroups to avoid the 
morbidity and costs related to unnecessary chemotherapy. Although 
very reliable, in under resource countries it is difficult to get the 
benefit of genetic testing, so the search to look for alternate markers 
continues, which could be equally reliable and financially viable.

The purpose of this study is to identify the correlation between the 
OncotypeDX Recurrence Score (RS), Nottingham Prognostic Index 
(NPI), and Ki67.

Material and Methods
This study was conducted at Liaquat National Hospital and Medical 
College, Karachi, Pakistan. Retrospectively data of early-stage breast 
cancer patients who got OncotypeDx test done from 2008 to 2019 
was retrieved after approval from the hospital research committee. 
OncotypeDx was done on patients after surgery who were ER, PR 
positive and Her 2 neu negative. All surgery types mastectomy or Breast 
conservation surgery with or without axillary clearance were included. 
All those patients who did not have OncotypeDx done were excluded.

OncotypeDx test was only done in those patients who could afford 
it after detailed counseling of the patients about the utility of the 
test. For OncotypeDx the specimen was sent to the US as per their 
guidelines and results were sent to the requesting doctor and a copy 
was given to the patient as well.

OncotypeDx Scoring
The results are reported as the Recurrence Score
•	 Recurrence Score of 0-15: Low Score
•	 Recurrence Score of 16-25: Intermediate
•	 Recurrence Score of 26-100: High score

Nottingham Prognostic Index (NPI)
The index is calculated using the formula [10]: 
NPI = [0.2 x S] + N + G
•	 S is the size of the index lesion in centimeters
•	 N is the node status: 0 nodes = 1, 1-3 nodes = 2, >3 nodes = 3
•	 G is the grade of tumor: Grade I =1, Grade II =2, Grade III =3

Group1- good prognosis (Score 2.08- 3.4) 
Group2 -moderate prognosis (Score 3.42- 5.4)
Group3 - Poor prognosis (Score 5.42- 6.8) 

KI67
Ki67 was quantified using a visual scoring system, with external 
control for validation. Only nuclear staining was incorporated into 
the Ki67 score, in which stained cells were counted and defined as 
the percentage of positively stained cells among the total number of 
malignant cells scored. If staining was homogeneous, at least 500 
cells within ten randomly selected high-power fields were selected. 
The documentation of the percentage of Ki67 positivity was recorded.

Ki 67 was considered low if the score was 14% or less, 15-30% was 
borderline and it was grouped as high when it was more than 30% 
according to the recommendations of the St Gallen International 
Consensus of Experts (Goldhirsch et al. [11, 12]).
Group 1(Low) = Ki67 14% or <
Group2 (Intermediate) = Ki67 15 to 30% 
Group 3 (High) = >30% was high

Data Analysis
Categorical variables were expressed as frequencies and percentages. 
The quantitative variable age was summarized in terms of mean ± 
standard deviation. Clinic pathological parameters were compared 
among three risk categories using the chi-square or Fisher exact 
test as appropriate. The agreement was determined using weighted 
Kappa statistics. Spearman correlation was also applied to assess 
the correlation between three classification methods. Age-stratified 
(≤50 and >50 years) correlation and agreement were also determined. 
Statistical significance was considered for a two-sided p-value <0.05. 
Statistical analysis was performed on Stata version 14.

Results
Total 76 records were reviewed. The average age of patients was 
56.40 ± 10.32 years. Majority of the study participants had tumor size 
>2cm (n=54, 71.05%). Most of the patients presented with grade 2 
tumor (n=46, 60.52%) whereas 9(11.84%) and 21(27.63%) patients 
had tumor grades 1 and 3 respectively. There were only 1(1.31%) 
patients with lymph vascular invasion while progesterone was 
negative in 6(7.89%) patients only. The most frequent histologic type 
was ductal (n=61, 80.26%) followed by lobular (n=9, 11.84%) and 
others (n=6, 7.89%). Other histology included 2(2.63%) papillary 
and frequency for mucinous, ductal in situ and mixed lobular 
and ductal was 1(1.31%). OncotypeDx risk assessment method 
categorized 34 (44.74%), 26 (34.21%) and 16 (21.05%) patients 
as low, moderate and high risk respectively. 18(23.68%), 56(73.68) 
and 2(2.63%) were identified as low, moderate and high risk by NPI 
method respectively. Ki67 classified 26(40.63%), 21(32.81%) and 
17(26.56%) patients as low, moderate and high risk respectively.

Age and histologic type didn’t differ among three risk categories 
determined by OncotypeDx, NPI and Ki67. Three risk categories 
determined by OncotypeDx (p=0.493) and Ki67 (p=0.862) were not 
significantly different for tumor size. However, tumor size differed 
in three risk categories when determined by NPI (p<0.001). Among 
moderate-risk patients, most of the patients had tumor size >2cm 
(n=48, 85.71%) whereas most of the patients had tumor size ≤2 
cm who were labeled as a low-risk patient (n=15, 83.3%) and all 
of the patients had tumor grade >2cm who were at high risk. All 
three methods, OncotypeDx (p=0.014), NPI (p<0.001) and Ki67 
(p=0.008) differed based on tumor grade. Among all three methods, 
most of the patients had tumor grade 2 in low-risk groups whereas 
the majority had tumor grade 3 in high-risk categories.

The higher concordance was observed between OncotypeDx and 
Ki67 methods that showed concordance on 32 (50%) observations 
followed by the concordance of OncotypeDx& NPI with 33(43.42%) 
matched categories and NPI & ki67 with 22(34.38%) same 
observations. Assessment of agreement with weighted kappa revealed 
that there was a significant slight agreement between Oncotype 
and NPI risk categories (k=0.13, p=0.035). Agreement between 
NPI and Ki67 was poor (k= 0.01, p=0.457) whereas significantly 
fair agreement was observed between OncotypeDx and Ki67 risk 
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categories (k=0.33, p<0.001). The agreement was also determined 
between two age-strata (≤50 and >50 years). On age stratification, 
a moderate agreement was determined for only ≤50 years group 
between OncotypeDx and NPI risk categories (k=0.45, p=0.002). 
A statistically significant fair agreement was also seen in >50 years 
group between OncotypeDx and Ki67 (k=0.36, p<0.001).

Spearman correlation was applied to assess the correlation between 
risk categories that also showed there was no significant correlation 
between OncotypeDx and NPI risk categories (r=0.19, p=0.101) 
and NPI and Ki67 risk categories (r=0.027, p=0.827). A weak 
positive correlation was observed between OncotypeDx and 
Ki67 risk categories which were statistically significant (r=0.44, 
p<0.001). On age stratification, a statistically significant moderate 
positive correlation was found for <50 years age group between 
OncotypeDx& NPI categories (r=0.58, p=0.005). Weak positive 
correlation between OncotypeDx& ki67 categories (r=0.45, p<0.001) 
was seen for age group >50 years.

Discussion
The most widely practiced prognostic assay is OncotypeDX, 21-
gene recurrence score (RS) and is used in Estrogen receptor (ER)/ 
Progesterone (PR) positive, Her2 neu negative and lymph node-
negative breast cancer patients for risk assessment and to identify 
patients who can avoid adjuvant chemotherapy [13].

This 21 gene assay has been validated in the large Tailor X trial 
and has proven to be a good prognostic model so that we can safely 
decide about chemotherapy considering the age of the patient and 
nodal involvement [14]. In this trial it has been shown that when 
RS is low (< than 10) or high (> than 25) the decision is clear about 
the benefit of chemo. However, when the score is between11-25 
and especially in women younger than 50 years correlation with 
clinical risk is useful and aided value to the prognostic information. 
The clinical risk is calculated by keeping morphological features 
like the size of the tumor and histological grade. In our study, we 
calculated clinical risk by NPI, which has size, grade and no. of nodes 
involved. In our study, tumor size differed in three risk categories 
when determined by NPI (p<0.001). All three methods, differed 
based on tumor grade whereas the majority had tumor grade 3 in 
high-risk categories, which was statistically significant. A strong 
correlation of NPI with RS especially in the low-risk group was 
noticed [15, 16]. NPI though has been extensively used, one wonders 
that it is not incorporating tumor biology and in this Genomic era 
how useful it would be. André Albergaria showed that Nottingham 
Prognostic Index is a good tool for prognosis in Triple-negative 
breast cancer (TNBC) [17].

Like in the Tailor X study(13), in our results on age stratification, 
a moderate agreement was determined for only ≤50 years group 
between OncotypeDx and NPI risk categories (k=0.45, p=0.002). 

The high value of Ki-67 has been associated with adverse clinic 
pathologic factors. In low-grade invasive breast carcinomas 

increased stromal cellularity (Ki67) could contribute to an increased 
risk of recurrence according to OncotypeDx Recurrence Score [18]. 
Ki67 may be of value in prognosis and prediction of response to 
systemic therapy. CuzickJ suggested that the amount of prognostic 
information contained in four widely performed IHC assays is 
similar to that in the genetic RS and one of the 4 components is KI 
67 [19]. International Ki67 Breast Cancer Working Group opinion 
is that it is one of the most robust biomarkers measured by IHC, 
but it has not reached its due importance because of the lack of 
standardization and inter-laboratory variability [20].

In our study between OncotypeDx and Ki67 risk categories a 
statistically significant weak positive correlation was observed 
and on age stratification, a fair correlation was seen for age group 
>50 years. There are studies with fairly good correlation between 
OncotypeDx and Ki67, while others do not show any correlation 
[21, 22]. In our study, we didn’t find correlation between NPI and 
Ki67. However, Chetana R observed a good correlation between 
NPI and KI67 [23]. The reason could be that we could get Ki67 
only in 64 patients, if we had it in all or may be with larger sample 
size we might find the correlation between ki67 and NPI. It looks 
logical to have proportional relationship between NPI and Ki67 as 
enough evidence is there that in St. Gallen International consensus 
meeting, the histologic grade which is one of the major components 
of NPI is considered an alternative to KI67 in Luminal classification 
by IHC [11].

Table 1: Summary of clinic pathological parameters
Variables Frequency (%)
Age (in years)# 56.40 ± 10.32
Tumor size (in cm)
<2 23 (30.26)
>2 52 (68.42)
Tumor Grade
1 9 (12%)
2 46 (61.3%)
3 20 26.7%)
Histologic Type
Ductal 61 (80.26)
Lobular 9 (11.84)
Others 6 (7.89)
Progesterone receptor
Positive 70 (92.11)
Negative 6 (7.89)
Lymph vascular invasion
Positive 1 (1.31)
Negative 75 (98.68)

#: age is expressed as mean ± standard deviation
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Table 2: Comparison of Clinicopathological parameters among three risk categories
Oncotype-Dx Categories NPI Categories aKi67 Categories

Low
n=34

Moderate
n=26

High
n=16

P-value Low
n=18

Moderate
n=56

High
n=2

P-value Low
n=26

Moderate
n=21

High
n=17

P-value

f(44.7%) f(34.2%) f(21.0%) f(23.6%) f(73.6%) f(2.6%) f(40.6%) f(32.8%) f(26.5%)

Age ( in years)

≤50 8 (23.5) 11 (42.3) 3 (18.8) 0.169 7 (38.9) 15 (26.8) 0 (0) ƚ0.425 6 (23.1) 4 (19) 7 (41.2) 0.268

>50 26 (76.5) 15 (57.7) 13 (81.2) 11 (61.1) 41 (73.2) 2 (100) 20 (76.9) 17 (81) 10 (58.8)

Tumor size (in cm)

≤2 12 (35.3) 8
(30.8)

3 (18.8) 0.493 15 (83.3) 8 (14.3) 0 (0)

**ƚ<0.001

8 (30.8) 5 (23.8) 5 (29.4) 0.862

>2 22 (64.7) 18 (69.2) 13 (81.2) 0.493 3 (16.7) 48 (85.7) 2 (100) 18 (69.2) 16 (76.2) 12 (70.6)

Tumor grade

1 5 (14.7) 4 (15.4) 0 (0) **ƚ0.014 8 (44.4) 1 (1.8) 0 (0)
**ƚ<0.001

3 (11.5) 1 (4.8) 2 (11.8) **ƚ0.008

2 25 (73.5) 14 (53.8) 7 (43.8) 10 (55.6) 36 (64.3) 0 (0) 20 (76.9) 14 (66.7) 5 (29.4)

3 4 (11.8) 8 (30.8) 9 (56.2) 0 (0) 19 (33.9) 2(100) 3 (11.5) 6 (28.6) 10 (58.8)

Progesterone receptor

Positive 33 (97.1) 24 (92.3) 13 (81.2) * ƚ0.143 17 (94.4) 51 (91.1) 2 (100) ƚ1 26 (100) 19 (90.5) 14 (82.4) ƚ 0.059

Negative 1 (2.9) 2 (7.7) 3 (18.8) 1 (5.6) 5 (8.9) 0 (0) 0 (0) 2 (9.5) 3 (17.6)

Histologic type

Ductal 25 (73.5) 25 (73.5) 15 (93.8) ƚ 0.645 14 (77.8) 45 (80.4) 2 (100)
ƚ 0.924

21(80.8) 18 (85.7) 15 (88.2) ƚ 0.977

Lobular 5 (14.7) 3 (11.5) 1 (6.2) 2 (11.1) 7 (12.5) 0 (0) 3 (11.5) 2 (9.5) 1 (5.9)

Others 4 (11.8) 2 (7.7) 0 (0) 2 (11.1) 4 (7.1) 0 (0) 2 (7.7) 1 (4.8) 1 (5.9)

a:64 observations were recorded for ki67
ƚ denotes Fisher-Exact test is reported
** denotes significant at p<0.01 level

Table 3: Correlation & Agreement between OncotypeDx& NPI risk categories
Oncotype Dx categories Spearman 

Correlation
p-value Kappa p-value

NPI categories low moderate high
low 11 5 2

0.19 0.101 0.13 *0.035moderate 22 21 13
high 1 0 1
≤50 years
low 5 1 0

0.58 **0.005 0.45 **0.002moderate 3 10 3
high 0 0 0
>50 years 
low 6 4 2 0.06 0.653 0.04 0.329
moderate 19 11 10
high 1 0 1

* denotes significant at p<0.05 level
** denotes significant at p<0.01 level
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Table 4: Correlation & Agreement between Oncotype Dx & Ki67 risk categories
Oncotype Dx categories Spearman 

Correlation
p-value Kappa p-value

NPI categories low moderate high
low 17 6 3

0.44 **<0.001 0.33 **<0.001moderate 7 8 6
high 2 8 7
≤50 years
low 3 3 0

0.41 0.105 0.27 0.060moderate 1 2 1
high 1 4 2
>50 years 
low 14 3 3

0.45 **0.001 0.36 **<0.001moderate 6 6 5
high 1 4 5

a:64 observations were recorded for ki67
** denotes significant at p<0.01 level

Table 5: Correlation & Agreement between NPI & Ki67 risk categories
Oncotype Dx categories Spearman 

Correlation
p-value Kappa p-value

NPI categories low moderate high
low 6 19 1

0.027 0.827 0.01 0.457moderate 4 16 1
high 3 14 0
≤50 years
low 1 5 0

-0.12 0.644 -0.06 0.689moderate 1 3 0
high 2 5 0
>50 years 
low 5 14 1

0.10 0.497 0.046 0.307moderate 3 13 1
high 1 9 0

a: 64 observations were recorded for ki67

Conclusion
No statistically significant strong agreement and correlation 
were observed among three risk assessment methods. Further 
investigations should be conducted with a larger sample size to 
assess agreement among these risk classification methods. For better 
estimation of prognosis relying only on one tool is not enough, but 
combining OncotypeDx RS and clinic pathologic information and 
proliferation markers will be more meaningful [6-23].

Limitations
The small sample size is a limiting factor here, larger sampling may 
be able to show some strong correlation
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