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ABSTRACT
Background: One particular cause of death from breast cancer is distant metastasis. In this study, we calculate and
compare diagnostic value of Mitotic Activity Index (MAI) and Ki-67 expression in predicting distant metastasis.
Methods: Study was conducted in Sanglah Hospital from January 2017 to February 2019. All histopathology results
from open biopsy are examined, thus MAI and Ki-67 values were obtained. We divided this into 2 groups: MAI high
(≥20/HPF), low (<20/HPF) and Ki-67 high (≥20%) and low (<20%). We compared with distant metastasis event as
gold standard, obtained from radiology examination. We count all diagnostic characteristics (sensitivity, specificity,
positive and negative predictive value, accuracy, and likelihood ratio). We compared these diagnostic validities from
data area under curve (AUC) with p value <0.005 considered to be statistically significant.
Results: A total of 173 breast cancer patients were participated in this study, 92 of them had distant metastasis
(53.2%) and 81 patients didn’t have any distant metastasis (46.8%). MAI had relative high specificity (82.7%) and
Ki-67 had fair sensitivity values (69.6%). There are 0.08 point AUC differences between these two variables. With p
value higher than 0.05 (0.06), it can be summarized that these two variables are not different significantly and
statistically.
Conclusions: There is not any statistically significant difference between these two markers in predicting distant
metastasis in breast cancer. We hope other researcher interest into exploring more about these markers and their
function.
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these numbers can be found in developing countries, and
Indonesia is one of them.1

INTRODUCTION
Breast cancer is the most common cancer found in
women worldwide. According to Global Cancer
Incidence, Mortality and Prevalence (GLOBOCAN) in
2012, the prevalence of breast cancer in woman
worldwide is 25.1% compared to other malignancies.
There are 1.671.149 new cases of breast cancer in 2012
and it was predicted in 2012, that death caused by breast
cancer could reach to more than 500.000 deaths. Most of

In years to come, Indonesia could become a country with
the highest number of woman patients with breast cancer,
even highest death counts related to breast cancer in
South East Asia. Numbers of patient suffered from breast
cancer in Indonesia are approximately 48.988 patients
and total death caused by breast cancer are approximately
19.750 deaths in 2012.2 The total of breast cancer patients
seek for medical attention in Sanglah Hospital are
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increasing from 253 to 322 patients from 2015 to 2016,
where 192 patients are stage IV breast cancer patients.3
Distant metastasis is still the leading cause of death in
patient with breast cancer.4 The majority of breast cancer
patients with distant metastasis have lower survival rate
although these patients were provided with appropriate
treatment. According to American Cancer Society, the
survival rate of most patients with stage III breast cancer
are 84%, meanwhile patients with stage IV breast cancer
only have 19% survival rate. In Indonesia, stage III breast
cancer patients have 72% five-year survival rates, while
patients with stage IV only have 22% five-years survival
rates.5
The proliferation of tumor cells are counted to be cancer
“hallmark” and one of reliable factors which affects
cancer prognosis. Tumor cells proliferation caused matrix
remodelling and neo-angiogenesis which can confirm
tumor aggressiveness.6 Simple methods to determine the
degree of proliferation are counting Mitotic Activity
Index (MAI) and Ki-67 expression. MAI can be used to
determine breast cancer prognosis.7 High mitotic activity
indicates an increased risk of death and relapse marker
although the size of tumor is small and although there
isn’t any spread to nearest regional lymph node.8-10 Ki-67
expression is a better marker for tumor proliferation
activity compared to MAI.11 Breast cancer patients with
Luminal B subtype more often had distant metastases
compared to Luminal A subtype.12 Breast cancer patients
with high Ki-67 expression had higher relapse event and
lower survival rate.13
Nowadays, studies regarding the relpatronship between
high MAI, high Ki-67 expressions and distant metastases
event in breast cancer have been explored. But there are
still lack of studies concentrating on MAI and Ki-67
sensitivity, specificity, accuracy, positive predictive
value, negative predictive value, positive likelihood ratio
and negative likelihood ratio in predicting distant
metastases in breast cancer. In this study, we would like
to examine the diagnostic validity between MAI and Ki67 in predicting breast cancer distant metastases.
METHODS
This study is a diagnostic trial between two markers in
predicting distant metastases in breast cancer patients
who were admitted to Sanglah Hospital for advanced
medical treatment. Sanglah hospital is center referral
hospital, particularly patients from around Bali and Nusa
Tenggara islands. Patients with moderate to severe
degrees are usually referred here for better medical
treatment. There are huge numbers of oncology patients
seek better treatment options, particularly chemotherapy
due to availability of chemotherapy agents in Sanglah
Hospital. For that reasons, Sanglah Hospital became one
of the biggest cancer treatment center in Bali and Nusa
Tenggara islands. Sanglah Hospital is also a teaching
hospital of Udayana University Faculty of Medicine.

This study was conducted from January 2017 to February
2019. There were total of 173 patients participating in
this study, all of these patients are breast cancer patients
with or without distant metastases. The inclusion criteria
for our study includes female patient who had a breast
cancer seeking medical treatment in Sanglah Hospital
during our study period. The exclusion criteria for our
study consist of breast cancer patients whose medical
records were not found or incomplete and didn’t have any
open biopsies histopathology results from Pathological
Anatomy laboratory. Our sample study is recruited with
simple random sampling method in breast cancer patients
who meet our inclusion criteria.
Data and variables required for this study are obtained
retrospectively from SIMARS, our medical record system
in Sanglah Hospital, written medical records and
histopathology results from Sanglah Hospital Department
of Pathological Anatomy. Variables collected from our
study sample in medical records consist of patient’s age,
distant metastasis event, distant metastasis target organ,
amount of organ inflicted by metastasis, primary tumor
size and lymph node spreading event. Variables obtained
from patient’s histopathology results consist of
histopathology grade, MAI level, and Ki-67 expression
level.
Mitotic Activity Index (MAI) is total of mitosis activity
found on histopathology slide with High Power Field
microscopic view. MAI are divided based on how many
mitotic activities found in High Power Field view. MAI
values are considered low when total of mitotic activities
found in microscope are below than 20. MAI values are
considered high when 20 or more mitotic activities found.
Ki-67 expression is cancer cell antigen expression from
single cell cycle. Ki-67 expressions are presented in
percentages. Ki-67 expression 20% or more are
considered high and Ki-67 expression below 20% are
considered low. Histopathology grade consist of scoring
system which present how atypical some cancer cells
compared with normal cell. This score consists of 3
categories, grade 1 for low grade/well differentiated,
grade 2 for intermediate grade/moderately differentiated
and grade 3 for high grade/poorly differentiated or
undifferentiated. All of these variables are taken from
histopathology result, obtained from open biopsy.
For the statistical analyses, we used STATA statistic
software to analyze our study variables. All numerical
variables were presented as mean ± standard deviation
and all categorical variables were shown in percentages.
Diagnostic study was presented in 2x2 tables, consist of
MAI levels and Ki-67 expression values listed in row
sections and metastatic event listed in columns. We
calculated the sensitivity value, specificity, accuracy,
positive predictive value (PPV), negative predictive value
(NPV), likelihood ratio positive (LR+) and negative
(LR). We used radiology examination in determining
metastasis event as a gold standard. Once we had these
diagnostic values, we compare between MAI and Ki-67
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expression’s diagnostic trial results compare both
validities using are under curve (AUC) comparative test
with confidence interval of 95% and p value <0.05.
RESULTS
A total of 173 breast cancer patients were participated in
this study, 92 of them had distant metastasis (53.2%) and
81 patients didn’t have any distant metastasis (46.8%).
Patients are divided by 2 based on their age, below 40
years old and 40 years or above. There are 27 patients
(15.6%) aged below 40 and 146 patients (84.4%). Based
on target organ affected from metastasis, 52 patients
(56.5%) had lung metastasis, 37 patients (40.2%) had
bone metastasis and 22 patients had liver metastasis
(23.9%). Based on primary tumor cells size, 126 patients
(72.8%) had primary tumor cell with size above 5 cm,
while 47 patients (27.2%) had primary tumor cells with
size 5 cm or smaller (Table 1).
Table 1: Patient’s characteristic and histopathology
status.
Frequencies
(%)

Variables
Age (years)
<40
≥40
Distant Metastasis
Positive
Negative
Target Organ Affected
Bone Metastasis
Liver Metastasis
Lung Metastasis
Total Patients With (…) Metastasis
1
2
3
Primary Tumor Size (cm)
>5
<5
Lymph Node Involvement
Positive
Negative
Histopathology Grade
1
2
3
MAI
High
Low
Ki-67
High
Low

27 (15.6)
146 (84.4)

There are 143 breast cancer patients (82.7%) with
regional lymph node involvement, and only 30 patients
(17.3%) didn’t have any spread into regional lymph node.
According to histopathology grades, 96 patient (55.5%)
had grade 2 malignant cells, 71 patients (41%) had grade
3 malignant cells, and only 6 patients had grade 1 tumor
cells. From MAI examination, 42 patients (24.3%)
considered having high levels of MAI, and 131 patients
(75.7%) had low MAI levels. From Ki-67 expression
observation, 123 patients (71.1%) had high expression of
Ki-67 and 50 patients (28.9%) had low Ki-67 expression
(Table 1).
Data obtained from MAI and Ki-67 expression
examinations are presented in 2x2 tables and compared to
distant metastasis event. Results regarding metastatic
event from radiologic examination (gold standard) are
compared with MAI examination from histopathology
results. There are 28 patients (30.4%) patients with high
MAI and had distant metastasis, while 64 patients
(69.6%) had low MAI and distant metastasis positive.
There are 14 patients (17.3%) with high MAI but didn’t
have any distant metastasis, and 67 patients had low MAI
and didn’t have any distant metastasis (Table 2).
Table 2: Cross tabulation between MAI variables and
distant metastasis event.
Variable

92 (53.2)
81 (46.8)
37 (40.2)
22 (23.9)
52 (56.5)
76 (82.6)
13 (14.1)
3 (3.3)
126 (72.8)
47 (27.2)
143 (82.7)
30 (17.3)
6 (3.5)
96 (55.5)
71 (41)
42 (24.3)
131 (75.7)
123 (71.1)
50 (28.9)

MAI
High
Low
Total

Distant Metastasis
Positive
Negative

Total

28 (30.4%)
64 (69.6%)
92

42
131
173

14(17.3%)
67(82.7%)
81

Results regarding metastatic event from radiologic
examination (gold standard) are compared with Ki-67
expressions from histopathology results. There are 64
patients (69.6%) patients with high Ki-67 expressions and
had distant metastasis, while 28 patients (30.4%) had low
Ki-67 expressions and distant metastasis positive. There
are 59 patients (72.8%) with high Ki-67 expressions but
didn’t have any distant metastasis, and 22 patients had
low Ki-67 expressions and didn’t have any distant
metastasis (Table 3).
Table 3: Cross tabulation between Ki-67 expression
and distant metastasis event.
Variables
Ki-67 expression
High
Low
Total

Distant Metastasis
Positive
Negative

Total

64 (69.6%)
28 (30.4%)
92

123
50
173

59(72.8%)
22(27.2%)
81

We calculated every diagnostic value regarding MAI
values and Ki-67 expressions compared to distant
metastasis event, consist of sensitivity, specificity,
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interval and α score 0.05. Table 5 shows diagnostic
validity comparison between MAI and Ki-67 expressions.
There are 0.08 point AUC differences between these two
variables. With p value higher than 0.05 (0.06), it can be
summarized that these two variables are not different
significantly and statistically (Table 5).

positive predictive value (PPV), negative predictive value
(NPV), accuracy (in percentages), likelihood ratio
positive (LR+) and negative (LR-) (Table 4).
Our next analysis is to compare two variables validity
using area under curve (AUC) with 95% confidence

Table 4: Diagnostic validity presentation in MAI and Ki-67 expression.
Diagnostic
variables
MAI
Ki-67

Sensitivity (%)
30.4
69.6

Specificity
(%)
82.7
27.2

PPV (%)
66.7
52

NPV
(%)
51.1
44

Accuracy
(%)
54.9
49.7

LR+

LR–

1.76
0.95

0.84
1.12

Table 5: Diagnostic validity comparison between MAI and Ki-67 expression in predicting distant metastasis.
Variable
MAI
Ekspresi Ki-67

AUC
0.56
0.48

IK 95%
0.50-0.63
0.42-0.55

DISCUSSION
Total patients age below 40 years old are 27 people
(15.6%), and 13 patients (14.1%) had distant metastasis.
Patients age 40 years and above are counted for 146
patients (84.4%) where 79 patients (85.9%) had distant
metastasis. A study conducted by Narisuari at Oncology
Surgery Clinic Sanglah Hospital in 2012 support this
number by stating majority of breast cancer patients seek
medical attention are patients with age ranged from 41 to
50 years old (42.18%).14 Partini and associates also did a
study regarding breast cancer patients in Department
Surgery Oncology in Sanglah Hospital between 2014 to
2016.15 The study shown patients with breast cancer aged
below 40 years old were 14 patients (11.3%), while
breast cancer patients aged 40 years old and above were
110 patients (88.7%).15
In this study, the most organ affected from distant
metastasis were bone, lungs, and liver, where lungs are
the most common distant metastasis target organ in out
breast cancer patients, counted for 52 patients or 56.5%.
We didn’t found any case where distant metastasis affect
patient’s brain. With this result, it doesn’t relate to a
study conducted by Pulido and associates, where they
stated that bone was the most common distant metastasis
target organ found in breast cancer patients.16 Similar
outcome also presented from a study conducted by Chen,
stating that bone was the most common distant
metastases target organ in breast cancer patients.17
Our study showed several patients, particularly patient
aged 40 years and above suffered distant metastasis for
more than one target organ. Thirteen patients (13.1%) had
two target organs affected from distant metastasis breast

AUC Difference

p value

0.08

0.06

cancer and 3 patients (3.3%) had three target organs
affected. These phenomenon probably can be explained
from “seed and soil” hypothesis. This hypothesis
describes that different tumor cell subpopulations can be
more comfortable in particular micro environment, thus
these cell tumors can invade and proliferate in other area
or multiple areas.18
In diagnostic trial, we are familiar with these 2 terms,
pre-test probability and post-test probability. Whether we
found a change in probability or how big/small changes
in probability depends on LR value.19 Pre test probability
is a prevalence value which is obtained from data
analyses result. High or low MAI pre test probability
value is 53%, which means before MAI were obtained,
there is a 53% probability of a patient will suffer or not
suffering distant metastasis. High MAI post test
probability value according to data analysis are 66.7%,
meaning after MAI values were obtained, there is a
66.7% probability of a patient will suffer distant
metastasis. Low MAI post test probability value
according to data analysis are 51.1%, meaning after MAI
values were obtained, there is a 51.1% probability of a
patient will not suffer distant metastasis. Likelihood ratio
values of MAI are below than 2 or above 0.5 which
means changes of probability are very unlikely.19
High or low Ki-67 expression pre test probability value is
53%, which means before Ki-67 expression variable were
obtained, there is a 53% probabilty of a patient will suffer
or not suffering distant metastasis. High Ki-67 expression
post test probability value according to data analysis are
52%, meaning after Ki-67 expression values were
obtained, there is a 52% probability of a patient will
suffer distant metastasis. Low Ki-67 expression post test
probability value according to data analysis are 44%,
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meaning after Ki-67 expression values were obtained,
there is a 44% probability of a patient will not suffer
distant metastasis. Likelihood ratio values of Ki-67
expression are below than 2 or above 0.5 which means
changes of probability are very unlikely.
Based on comparison analysis between MAI and Ki-67
diagnostic validity in predicting distant metastases, there
was not a significant statistical difference between these
two, with p value of 0.06 (>0.05).
High activity in tumor cell proliferation is associated with
tumor aggressiveness, particularly the presence of distant
metastasis. However, these potential malignant cells have
to pass through several stages or cascades to evolve from
primary tumor into spreading into other distant target
organ, one example, tumor have to pass through
defensive mechanism such as tumor infiltrating
lymphocytes (TIL).
Metastasis are also determined by genetic factor, such as
Human epidermal growth factor receptor 2 (HER2), a
genome that has major part in growth process,
differentiation, and survival in these cancer cells. HER2
overexpression is associated with metastasis, recurrence
and lower survival rate.20 Other studies concerning
diagnostic value and its comparison between MAI and
Ki-67 expression in predicting breast cancer distant
metastasis has not yet found as far as our knowledge.
There are some limitations we found on conducting this
study. First, we used only radiology examinations, such
as CT-Scan, Ultrasonography and X-Ray to diagnose
distant metastasis as our gold standard. In Sanglah
Hospital, we didn’t have appropriate resources in
detecting or diagnosing distant or micro metastasis such
as PET-Scan. Second, there are more than one institute
which provide histopathology results, resulting bias in
diagnosing malignancies. Lastly, we didn’t observe
Pathological Anatomy Department on how they utilized
our specimens, such as staining and buffering. We hope
for further study related to put these factors into attention,
since it can alter the diagnosis result.
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