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BACKGROUND/AIMS
The new pathological prognostic staging in the 8th edition of the American Joint Committee on Cancer (AJCC) Cancer Staging Manual 
uses biomarkers, such as estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor 2 (HER2) for breast 
cancer staging, but not Ki-67. This study was designed to evaluate the relationship of Ki-67 with pathological prognostic staging param-
eters and its possible correlation with this new staging system. 

MATERIAL and METHODS
We performed a retrospective analysis on 59 invasive ductal breast carcinoma patients. We restaged all the patients using anatomic 
staging (AS) and pathological prognostic staging (PPS). The correlation of Ki-67 with ER, PR, HER2, histological grade, tumor size, and 
lymph node status were compared using the Chi-square test. 

RESULTS
When patients classified according to AS were restaged using PPS, 21 (36%) retained their original stage, while 34 (58%) were down-
staged and 4 (6%) were upstaged. There was no correlation between the stage change and Ki-67, HER2, tumor grade, or size. Both, ER 
and PR positivity were markedly higher in the downstaged group (p=0.014 and p<0.001). Ki-67 was not significantly different between 
AS patients; however, stage 3 PPS patients had a significantly more positive Ki-67 ratio than stage-1 and stage-2 patients (p=0.007). 
Moreover, Ki-67 had a significant negative correlation with ER and PR and positive correlation with the tumor grade, HER2, and lymph 
node involvement. 

CONCLUSION
Ki-67 is not useful for predicting the staging change from AS to PPS. However, it is strongly correlated with markers related to the biolog-
ical features and prognosis in breast cancer. In order to increase its usefulness, more comprehensive studies are required.

Keywords: Breast cancer, Ki-67 antigen, cancer staging, biomarkers, prognosis

INTRODUCTION
Breast cancer is one of the most common malignancies across the world. About 2 million new cases are detected every 
year, and one of every 4 newly diagnosed cancer cases is that of breast cancer (1). 

Until recently, the staging system developed by the American Joint Committee on Cancer (AJCC) that relies on the 
tumor size, lymph node involvement, and distant metastasis (TNM) was used for breast cancer management and prog-
nosis estimation. With a deeper understanding of the biological factors related to breast cancer, the determination of 
various biomarkers has become a necessity (2). Thus, The AJCC Breast Cancer Expert Panel described a new “prognos-
tic staging” that considers factors, such as estrogen receptor (ER), progesterone receptor (PR), and human epidermal 
growth factor receptor 2 (HER2) in addition to the TNM classification. They published this new staging system in the 
AJCC Cancer Staging Manual in 2016 and revised it in 2017 (3, 4). The pathological prognostic staging (PPS) is applica-
ble for every patient who has undergone surgical excision for initial treatment without neoadjuvant therapy. This new 
staging is applied by using primary tumor size, lymph node involvement, distant metastasis, histological grade, ER, PR, 
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and HER2. The AJCC Breast Cancer Expert Panel also recom-
mended that a proliferation marker, such as Ki-67 and a genetic 
prognostic panel be performed at the time of initial diagnosis, 
if available (4). Ki-67 is an antigen expressed in the G1, S, G2, 
and M phases of the cell cycle, but not G0. The most common 
method for determining the Ki-67 status is immunohistochem-
istry (5, 6). Although Ki-67 is a recommended biomarker for 
assessing the proliferation status, it is not implemented in the 
PPS because it does not possess sufficient reliability owing to 
reproducibility issues and lack of agreement for cut-off points 
(4). Moreover, the results of the studies performed to establish 
a valid relationship between Ki-67 and other PPS biomarkers 
have been inconsistent (5, 7-10). 

Here, we aimed to investigate the relationship between Ki-67 
and other pathological prognostic factors in breast cancer as 
well as examine the effects of the 7th and 8th AJCC classifica-
tions on the staging change in the same patient. We also aimed 
to determine whether Ki-67 or any other biomarkers used for 
classification affect the staging changes.

MATERIALS and METHODS

Study Group and Pathological Evaluation
Our study protocol was approved by the Health Sciences Eth-
ical Committee of Near East University, with approval number 
YDU/2019/70-853. As our study was a retrospective trial and 
did not involve the use of personal data, the need for informed 
consent was waived off. We retrospectively collected the data 
of patients who were operated at the Konya Beyhekim State 
Hospital between January 2014 and May 2019 for invasive 
ductal carcinoma. We excluded patients who were in the car-
cinoma-in-situ stage or had distant metastasis, were missing 
pathologic prognostic staging biomarkers, had received neo-
adjuvant therapy, or had not undergone lymph node dissection. 
The histological grades, ER, PR, HER2, and Ki-67 statuses of the 
patients were reevaluated by using the existing slides in the 
same pathology laboratory by the three pathologists. Grading 
was performed following the Elston/Nottingham modification 
of the Bloom-Richardson system (Scarff- Bloom-Richardson 
Grading system, Nottingham Modification) by rating the fol-
lowing three morphological features: tubule formation, nuclear 
pleomorphism, and mitotic figure count of the tumor. Each pa-
rameter was assigned a score from 1 to 3, and the tumor was 
classified as grade 1, 2, or 3, if the sum of these was 3–5, 6–7, and 
8–9, respectively. Staining over 1% was accepted as positive for 

ER and PR (11). For HER2, staining of 3+ was accepted as positive 
(12). We accepted the cut-off value for Ki-67 positivity as 20%, 
following the 2013 International St. Gallen Expert Consensus (13). 
Thereafter, the patients were restaged as per both, the 7th edi-
tion (anatomic staging, AS) and 8th edition (pathological prog-
nostic staging, PPS) of the AJCC Cancer Staging Manual. 

Statistical Analysis
All the statistical analyses were performed using the Statistical 
Package for Social Sciences software version 15 (SPSS Inc., Chi-
cago, IL, USA). Patient age is reported as mean and standard 
deviation; tumor size and the absolute value of Ki-67 are report-
ed as median and interquartile range values. Categorical vari-
ables are reported as frequencies and percentages. Parametric 
factors were compared using the t-test, and non-parametric 
factors were compared using the Mann Whitney U test or Kru-
skal-Wallis analysis. Categorical factors were compared using 
the Chi-square test and Fisher’s exact test, where appropriate. 
If the p-value was <0.05, it was regarded significant. 

RESULTS
The study population comprised of 97 patients. In thirty-eight 
of these patients, either one or more of the main markers used 
for breast cancer staging (ER, PR, HER2, Ki-67) was not analyzed 
and these patients were excluded from the study. We evaluated 
the data of the remaining 59 patients. One of the subjects was 
a man. The mean patient age was 61.4 y, and only 4 were aged 
<40 y. Table 1 shows the demographic and clinicopathological 
features of the patients, and Figure 1 shows the frequency distri-
bution of Ki-67 absolute values.

We restaged the patients who were previously categorized as 
per the 7th edition of the AJCC Cancer Staging Manual using 
the PPS. The consistency rate of the new staging was 36% be-
cause 21 of the 59 patients remained in the same stage, while 34 
(58%) were downstaged by at least one step, and 4 (6%) were 
upstaged. Stage 3C and 2A patients exhibited a staging change 
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Main Points:

• Estrogen receptor (ER), Progesterone receptor (PR), and 
human epidermal growth factor receptor 2 (HER2) are 
included in the pathological prognostic for staging (PPS) 
breast cancer, but not Ki-67.

• Ki-67 positivity is significantly increased in PPS stage 3 
patients.

• Ki-67 is not useful for predicting the staging change from 
anatomic staging to PPS. However, Ki-67 has a signif-
icant positive correlation with tumor grade, HER2, and 
lymph node involvement and it is also negatively cor-
related with ER and PR. FIGURE 1. Frequency distribution of the absolute Ki-67 values



most frequently. Detailed staging distribution of the patients be-
fore and after restaging is presented in Table 2.

When the patient group whose staging remained unchanged 
after restaging was compared with the groups with a changed 
staging, a significant difference was found between stages 1, 2, 
and 3 of Anatomical Staging (p=0.018, Table 3). Stage 2 and 3 
patients had markedly more staging changes as compared to 

stage-1 patients (p=0.014 and p=0.001, respectively). When the 
upstaged, downstaged, and unchanged cases were compared, 
the groups showed no difference in the tumor grade, tumor size, 
HER2, or Ki-67. However, the downstaged group had significant-
ly more ER and PR positivity (p=0.014 and p<0.001). Furthermore, 
all 4 patients who were upstaged were PR negative; only 1 had 
ER positivity.

Ki-67 was not different among stage-1, stage-2, and stage-3 
patients in AS; however, there was a significant difference be-
tween the stages in PPS. The Ki-67 positivity of the patients in 
PPS with stage 3 breast cancer was significantly higher than in 
those with stage 1 or 2 (p=0.007). When compared to the oth-
er clinicopathological features, Ki-67 had a significant negative 
correlation with ER and PR (p=0.015 and p=0.026), and positive 
correlation with HER2 (p<0.001), histological grade (p<0.001), 
and lymph node involvement (p=0.047, Table 4). 

DISCUSSION
Ki-67 is an important biomarker for understanding the biology 
and behavior in breast cancer. It has an established prognostic 
property, and the determination of Ki-67 status is encouraged by 
the AJCC Breast Cancer Expert Panel even though it is not in-
cluded in the PPS (4, 14). However, studies that have investigated 
the relationship between Ki-67 and breast cancer biomarkers, 
such as ER, PR, and HER2, have produced conflicting results. 

In the present study, we found that Ki-67 was correlated with ER 
and PR negativity, HER2 positivity, increased histological grade, 
and lymph node involvement. Yip et al. reported similar correla-
tions with ER, grade, and HER2, but not ER. Contrary to our results, 
their findings showed a relationship between Ki-67 and tumor size 
(10). There was a significant correlation between Ki-67 and tumor 
size, ER, PR, and grade, but not HER2 (Marwah et al.) (9). Anoth-
er study reported that Ki-67 was related to the tumor grade, but 
not the tumor size (15). Ahmed et al. (8) reported findings similar 
to our findings in that Ki-67 was inversely correlated to ER and 
PR and had a positive correlation with grade and HER2, with no 
correlation to the tumor size. In contrast to some of these results 
and our findings, Kamranzadeh et al. (5) stated that Ki-67 was not 
correlated to ER, PR, tumor grade, or HER2. We believe that one 
possible explanation for these conflicting results might be the cut-
off values chosen for Ki-67 in these studies. Yip et al. and Ahmed 
et al. chose 14%, Shetty et al. and Kamranzadeh et al. used 10%, 
and Marwah et al. determined 2 decision points as 5% and 20%, 
for grouping the Ki-67 values. We used 20% as the cut-off point 
as per the recommendations of the International Ki-67 in Breast 
Cancer Working Group and the 2013 St. Gallen consensus (13, 16). 
There is no universal agreement with respect to the cut-off point 
for Ki-67. There are different Ki-67 cut-off points in various studies, 
from 5% to 34% (17). Moreover, Ki-67 has different cut-off values 
that have the same clinical significance in certain clinical condi-
tions. Denkert et al. (18) reported that many different Ki-67 cut-off 
values have similar significance for evaluating disease-free sur-
vival, response to neoadjuvant therapy, and overall survival, and 
it is impossible to state which cut-off value is the most appropri-
ate. We presume that it may be beneficial to specify different Ki-
67 cut-off values for different clinical purposes. Another reason 
for these conflicting results may be the differences in the study 
designs and variations in the patient attributes, such as mean 
age or race. Prospective and retrospective study designs might 
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TABLE 1. Patient characteristics 

 No. of Patients (n=59) %

Localization  

Left 36 61

Right 23 39

ER  

Negative 16 27

Positive 43 73

PR  

Negative 24 41

Positive 35 59

HR (ER or PR)  

Negative 13 22

Positive 46 78

HER-2  

Negative 45 76

Positive 14 24

Histological Grade  

Grade 1 11 19

Grade 2 35 59

Grade 3 13 22

Ki-67  

Negative 30 51

Positive 29 49

Lymph Node Metastasis  

0 18 31

1 to 3 16 27

4 to 9 11 19

10 or more 14 23

Tumor size  

≤2 cm 19 32

>2 cm 40 68

 Mean  SD

Age (years) 61,4 13,9

 Median Interquartile Range

Ki-67 (% Index) 20  25

Tumor Size (cm) 2,5  1,9

Node Count 3 9

ER: Estrogen receptor  
PR: Progesterone receptor 
HER2: Human epidermal growth factor receptor-2.



provide different outcomes; further, the inclusion of Caucasian, 
Asian, and/or Indian subjects in these studies may have caused 
the diverse results. 

Ki-67 is also an established prognostic marker that is important 
for distinguishing among certain types of breast cancer. This 
marker helps in determining the proliferative capacity of the 
tumor, an important characteristic of tumor biology. Therefore, 
its relation with the other biomarkers related to the biological 
status of the tumor has been a matter of concern. We found sig-
nificant relationships between Ki-67 status and ER negativity, 
PR negativity, HER2 positivity, increased histological grade, and 
lymph node involvement. First, mitotic index is one of the three 
parameters that are used for assigning the histological grade 
and is directly proportional to Ki-67. Thus, tumors with a high-
er mitotic index are expected to have a higher Ki-67 value that 
manifests with a higher grade. In fact, several studies have re-
ported a significant correlation between Ki-67 and grade (8-10, 
15, 19), while one research has shown a contradictory result (5). 
We found a strong positive correlation between Ki-67 and HER2 
such that all the HER2 positive cases except one were also pos-
itive for Ki-67. Aziz et al., Yip et al., and Ahmed et al. state that 
HER2 positive tumors have a significantly higher Ki-67 value. In 
contrast, Kamranzadeh et al. and Marwah et al. reported that 
HER2 and Ki-67 were not significantly correlated. These stud-
ies used a cut-off value for Ki-67, while the previous 3 studies 
compared the median Ki-67 values of the groups. In addition, we 
found a significant correlation between Ki-67 and hormone re-
ceptor negativity. Following the implementation of PPS in daily 
clinical practice, patients with a positive hormone receptor have 
usually been assigned to lower stages. With the help of target-
ed therapy, these markers exert a favorable effect on prognosis. 

The negative prognostic features of Ki-67 have been reported in 
various studies (15, 19, 20). Although we were unable to evaluate 
its effect in this regard, we presume that the inverse relationship 
of Ki-67 with favorable biomarkers present in our study supports 
its undesirable effect on patient prognosis. 

In our study, we inspected the agreement between AS and PPS 
as well as the factors that may affect the staging consistency. 
We found that 36% of our patients remained in the same stage, 
58% were downstaged by at least one step, and 6% were up-
staged. The consistency rate of restaging from the 7th edition to 
the 8th edition of the AJCC varied from 40.63% to 54.5% in other 
studies (7, 21-24). Most of these studies have reported upstaging 
rates of 5.3%–9.9% and downstaging rates were varying be-
tween 35.6% and 48.2% (21-24). But one study reported a much 
higher upstaging rate of 39.76% and a lower downstaging rate 
of 19.61% (7). Our upstaging rate was slightly higher than those 
reported by these studies. This could be because our patient 
population had a markedly higher mean age than the subjects 
in these studies. Moreover, most of our patients were in stage 3, 
making up 47% of all our patients; 78% of these patients were 
assigned to a lower stage after restaging. In the other studies, 
13%–21% of the patients were in stage 3. We think that the high 
mean age of our study population and the high rate of ad-
vanced-stage patients compared to the aforementioned stud-
ies can be suggested as factors that influence our consistency 
and restaging rates.

AS expected, ER and PR were significantly different in the un-
changed, upstaged, and downstaged groups. However, Ki-67, 
HER2 status, tumor grade, and tumor size were similar in these 
groups. Thus, we concluded that Ki-67 did not have any power 
in predicting the staging change. We performed the same anal-
ysis using 10%, 14%, 25%, and 34% values for Ki-67, as stated in 
other studies; however, we did not find a significant correlation 
between Ki-67 and the staging change (data not shown). This 
finding is in contradiction with the findings reported by Ding et 
al (7). In the mentioned study, Ki-67, tumor size, and lymph node 
involvement were independent individual factors for predict-
ing staging change. To our knowledge, no other single-center 
study has investigated the predictive ability of Ki-67 on staging 
change from AS to PPS. We recommend that more comprehen-
sive studies on larger patient populations be performed to eval-
uate this ability of Ki-67. 
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TABLE 2. Distribution of upstaging and downstaging in patients with anatomic staging and pathological prognostic staging

 Pathological Prognostic Staging

 1A 1B 2A 2B 3A 3B 3C Total

Anatomic Staging No. % No. % No. % No. % No. % No. % No. % No. %

1A 5 8.4 1 1.7           6 10.2

1B   1 1.7 1 1.7         2 3.4

2A 2 3.4 7 11.9 6 10.2 1 1.7       16 27.1

2B   1 1.7 3 5.1 3 5.1       7 11.9

3A     5 8.4 2 3.4 5 8.4 1 1.7   13 22.0

3B         1 1.7 --- 0   1 1.7

3C           13 22.0 1 1.7 14 23.7

TOTAL 7 11.8 10 17 15 25.4 6 10.2 6 10.2 14 23.7 1 1.7 59 100

TABLE 3. Rates of stage changes in patients classified as per ana-
tomic staging

Anatomic   Down 
Stage Unchanged Staged Up Staged P*

Stage I 6 (75%) 0 (0%) 2 (25%) 0.003

Stage II 9 (39%) 13 (57%) 1 (4%) 

Stage III 6 (21%) 21 (75%) 1 (4%) 

Total 21 (36%) 24 (58%) 4 (7%) 

* Chi-square test



Lymph node involvement is one of the most important prognostic 
factors in breast cancer. However, some patients with similar tu-
mor size and lymph node involvement have completely different 
prognosis (25). Thus, presenting the relationship of biomarkers 
with the nodal status might be beneficial for prognostic group-
ing. We demonstrated a significant positive correlation between 
Ki-67 and lymph node involvement. Most of our N0 cases were 

negative for Ki-67, and the rate of the patients in N1 and N2 stag-
es did not have a meaningful difference from N0 cases in terms 
of Ki-67 positivity. However, most of the N3 patients were Ki-67 
positive. This implies that tumors with a high proliferation rate 
are prone to lymphatic spread. This correlation between Ki-67 
and lymph node involvement confirms that Ki-67 is an important 
prognostic biomarker. But, our finding contradicts certain recent 
reports (5, 9, 19). Nonetheless, a review of early breast cancer 
has shown that studies with a higher number of patients tend 
to demonstrate a significant positive correlation between Ki-67 
and positive lymph node count (17). These contradictory results 
indicate the need for more comprehensive and larger popula-
tion-based studies for investigating the correlation of Ki-67 with 
lymph node status in breast cancer.

In the present study, the Ki-67 positivity did not vary significantly 
in stages 1, 2, and 3 in AS; however, we found that stage 3 pa-
tients in PPS had markedly higher Ki-67 positivity than stage-1 
and stage-2 patients. Ki-67 is a proliferation marker with wide-
spread availability and ease of application; however, the lack of 
reproducibility and universal cut-off value do not allow its im-
plementation in PPS. Nevertheless, Ki-67 is recommended by the 
expert panel to be determined at the time of initial diagnosis as 
a proliferation marker (4). Denkert et al. (14) recommended that 
the best strategy to demonstrate tumor biology in the adjuvant 
settings is to use Ki-67 as a continuous marker, rather than as a 
cut-off. Based on this information, we also compared the medi-
an values of Ki-67 among stage-1, stage-2, and stage-3 patients 
in AS. We did not find any difference using a cut-off value as 
stated before, and stage 3 patients had a significantly higher Ki-
67 median value than stage-1 and stage-2 patients in AS (Kru-
skal-Wallis test, p=0.043, data not shown). We believe that this 
finding supports the suggestion of Denkert et al. and that using 
Ki-67 as a continuous marker may be a better approach. Den-
kert et al. (14) also suggested that especially intermediate Ki-67 
levels that have low analytic validity have limited applicability in 
clinical practice and that we should not determine whether Ki-
67 is positive based on marginal differences. Almost 50% of our 
patients had Ki-67 values of 15%–25%; this finding is important 
because it shows that this situation affects a large population 
of breast cancer patients.

This was a single-center study; this is a major strength of our 
study. Every sample was prepared in the same laboratory and 
evaluated by all three pathologists at the same time, minimizing 
the aforementioned variability of Ki-67 staining. In addition, to our 
knowledge, our study is one of the few single-center studies to 
evaluate the new PPS and its effects as well as the relationship 
of Ki-67 with the biomarkers used for PPS in a Turkic population. 

This study has certain limitations; first, we studied a relatively 
small population because the study was performed at a sin-
gle institution, and because our hospital does not specialize in 
breast care. In addition, the study population was relatively old 
and was diagnosed late for breast cancer; therefore, our sample 
was not representative of all breast cancer patients and was 
formed majorly of subjects who were in advanced stages. This 
may have influenced our consistency and restaging rates. Final-
ly, we did not study the effects of the biomarkers on the progno-
sis, given our study design. Further, prognosis evaluation would 
have significantly contributed to our findings.
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TABLE 4. Correlation of Ki-67 expression with clinicopathological 
features

 Ki-67

 ≤20 >20 pϮ

Age

≤50 6 (38%) 10 (62%) 0.211

>50  24 (56%) 19 (44%) 

Localization

Left 19 (53%) 17 (47%) 0.792

Right 11 (48%) 12 (52%) 

ER

Negative 4 (25%) 12 (75%) 0.015*

Positive 26 (61%) 17 (39%) 

PR

Negative 8 (33%) 16 (67%) 0.026*

Positive 22 (63%) 13 (37%) 

HER-2

Negative 29 (64%) 16 (36%) <0.001*

Positive 1 (7%) 13 (93%) 

Grade

1 5 (46%) 6 (54%) <0.001*

2 25 (71%) 10 (29%) 

3 0 (0%) 13 (100%) 

Anatomic Stage

Stage I 5 (63%) 3 (37%) 0.086

Stage II 15 (65%) 8 (35%) 

Stage III 10 (36%) 18 (64%) 

Pathologic Prognostic Stage

Stage I 12 (71%) 5 (29%) 0.007*

Stage II 13 (62%) 8 (38%) 

Stage III 5 (24%) 16 (76%) 

Tumor Stage

T1 13 (68%) 6 (32%) 0.168

T2 14 (44%) 18 (56%) 

T3 3 (38%) 5 (62%) 

Node Status

N0 11 (73%) 4 (27%) 0.047*

N1 9 (53%) 8 (47%)  

N2 7 (54%) 6 (46%) 

N3 3 (21%) 11 (79%) 

*Statistically significant. 
†Chi-square test.



In conclusion, Ki-67 is not useful for predicting the staging change 
between AS and PPS. However, it is significantly correlated with 
most biomarkers used for PPS, emphasizing its importance in un-
derstanding the biological behavior of the tumor. Moreover, its 
correlation with stage and lymph node involvement strengthens 
its prognostic features. However, there remains a need for more 
comprehensive studies based on larger populations to increase 
the usefulness of Ki-67 in understanding breast cancer biology.
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