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ABSTRACT
Introduction. Breast cancer is the leading cause of cancer death in Romania. In the context in which the 
treatments available for this pathology have increased curability, the identification of negative prognostic 
factors involved in the evolution of this disease seems essential to improve the overall survival as well as 
the time to disease progression. 
Aim. The aim of this study is to identify the role of prognostic factors such as ki67 proliferation index, the 
presence of tumour estrogen receptors, HER2 overexpression, the presence of secondary determinations 
at diagnosis, the association of obesity and type II diabetes.
Methods. 50 patients diagnosed with breast cancer treated in the Elias University Emergency Hospital 
Bucharest were retrospectively followed, for which the progression was documented at the time of elabora-
tion of this study. Thus, a database was developed in which data were entered on age, body mass index, 
immunohistochemical characteristics of breast tumours, the presence/absence of metastases at diagnosis 
and the association of type II diabetes. Statistical calculations were performed to highlight a possible corre-
lation between obesity (quantified by measuring body mass index) and tumour aggressiveness (quantified 
by ki67 proliferation index) as well as statistical evaluation of potential prognostic factors that would influ-
ence time, until the disease progresses.
Results. Within this group, no correlation could be established between the presence of an increased body 
mass index and the value of the ki67 proliferation index (p = 0.38). The mean value of the body mass index 
for this group of unselected patients was 28.76 ± 4.81 (DS) most patients are therefore overweight or 
obese. The factors involved in the evolution of breast cancer that influenced the early progression of the 
disease were: the proliferation index ki67 (p <0.05), the presence of metastases at diagnosis (p < 0.0001) 
and the association of type II diabetes (p = 0.0085). The value of the body mass index did not influence the 
time to disease progression according to statistical calculations in this group probably due to the small 
number of normal weight patients included (p = 0.34).
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INTRODUCTION 

Breast cancer is the leading cause of death in 
women worldwide and in Romania. According to 
data published by the IARC (International Agency 
on Cancer Research), 781 of the deaths due to 
breast cancer in postmenopausal patients are due 
to obesity, ranking 26th in the world (1). The data 

published by the WHO state that 51% of adults 
over the age of 20 are overweight and 19% are 
obese (Of these, 49.1% of women are overweight 
and 21.2% are obese).

In the literature there are several risk factors 
represented by: genetic predisposition, hormonal 
factors, diet and lifestyle, benign breast diseases, 
breast density and environmental factors (2).
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Among these risk factors, we consider modifia-
ble factors to be extremely important. An impor-
tant example is obesity which is in turn influenced 
by diet, lack of physical activity as well as hormo-
nal factors (3).

The European Guide to Breast Cancer Treat-
ment emphasizes that the accumulation of excess 
fat and reduced physical activity are detrimental to 
the prognosis of these patients (4).

When diagnosing a patient with breast cancer, 
the main question that arises is related to the means 
that could be used to improve the prognosis of these 
patients, both in the short and long term. It appears 
that frequent imaging and biological monitoring of 
patients diagnosed and treated for breast cancer has 
not brought a benefit on overall survival (5).

What seems to have a benefit on reducing the 
risk of recurrence and mortality of patients with 
breast cancer is represented by sustained physical 
exertion, weight loss and avoidance of obesity, as 
well as decreased alcohol consumption (6).

AIM

This paper aims to identify negative prognostic 
factors that would influence the survival to disease 
progression of patients diagnosed with breast can-
cer. These factors could be represented by the im-
munohistochemical characteristics of the tumour 
(presence/absence of estrogen receptors), by the 
advanced diagnosis (presence of metastases) or by 
the association of other pathologies such as obesity 
and type II diabetes.

MATERIAL AND METHODS

Data source
The observation sheets and medical documents 

of 50 patients diagnosed and treated with breast 
cancer between January 2009 and December 2014 
at the Elias University Emergency Hospital were 
analysed retrospectively. The study was retrospec-
tive, observational, non-randomized, on a sample 
of 50 patients diagnosed with breast cancer, in dif-
ferent oncological stages, a representative sample 
for a population of patients with breast cancer, in-
vestigated/treated in a centre specialized in the 
treatment of oncological diseases.

The target group was represented by patients 
diagnosed with breast cancer in the hospital and 
who at the time of compiling the database had re-
mote secondary determinations.

In order to study the working hypotheses, the 
patients in the database were divided according to 

BMI into 3 groups: normal-weight patients with 
BMI between 18.5 and 24.9 kg/m2, overweight pa-
tients with BMI between 25 and 29.9 kg/m2 and 
obese patients with BMI > 30 kg/m2.

Patients were also divided according to the 
presence or absence of estrogen receptors in im-
munohistochemistry, according to the presence or 
absence of HER2 expression and according to 
menopausal status, respectively, premenopausal or 
postmenopausal patients, the presence or absence 
of diabetes.

Inclusion criteria:
• Patients aged 18-90 years.
• Patients under treatment or monitoring at

Elias University Emergency Hospital, Medi-
cal Oncology Department, between January
2009 and December 2014.

• Patients whose disease has progressed
during this period, progressively documen-
ted by imaging.

• The availability of source medical docu-
ments, which should show the information
that makes up the variables studied such as:
histopathological and immunohistochemical
report, patient weight and height, to calcula-
te body mass index, imaging investigation
attesting the disease progression, presence/
absence of menopause, presence/absence of
type II diabetes, anamneses of the oncologi-
cal treatments received, results of the ima-
ging investigations reports in which the lo-
cations of the remote secondary determinations 
are described.

Exclusion criteria:
• Patients for whom the information corres-

ponding to the studied variables was not
available.

• The presence of a second cancer at the same
time.

• Serious diseases at the time of diagnosis.

Statistical analysis

For statistical analysis, the Ri program, version 
3.6.2 (2019) was used. In addition to the standard 
packages, the following packages were also used:

 − survival Therneau T (2015)._A Package for 
Survival Analysis in S_. version 2.38, 
<URL:https://CRAN.R-project.org, Al-
boukadel Kassambara and Marcin Kosinski 
(2018). 

 − survminer: Drawing Survival Curves using 
‘ggplot2’. R package version 0.4.3. https://
CRAN.R-project.org.
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RESULTS

The statistical indicators followed in this re-
search are: age; body mass index (BMI); ki67 pro-
liferation index; the presence of diabetes; immu-
nohistochemical characteristics of the tumor 
(presence/absence of estrogen receptors, overex-
pression of HER2); time to disease progression 
(PFS).

These indicators shall be analysed each individ-
ual with the distribution within the group of pa-
tients studied in order to verify the hypotheses is-
sued.

Analysis of the correlations between BMI and the 
level of expression of ki67

In Table 1, the Pearson r index was calculated 
to establish a possible correlation between the 
body mass index (BMI) as an expression of excess 
adipose tissue and the ki67 proliferation index as 
an expression of breast cancer aggressiveness.

TABLE 1. Correlation between obesity and ki67 
proliferation index (Pearson correlation coefficient)
Obesity parameter Express ki67

r Pearson (p-value)
BMI 0.125 (0.3844)

The data do not suggest that there is a statisti-
cally significant correlation between BMI and the 
level of expression of ki67 (p > 0.05), see also  
Figure 1.

Time to disease progression
The analysis was a Kaplan-Meier type for gen-

eral and menopausal analysis: yes/no, estrogen re-

ceptor expression: yes/no, HER2 overexpression: 
yes/no, the existence of diabetes mellitus (DM): 
yes/no, the existence of neoplastic secondary de-
terminations at the initial diagnosis: yes/no, for 
testing the survival curves on the different stratums 
using a log-rank test, for the interval variables 
(age, BMI, expression level of ki67) using a Cox 
regression. 

The study did not include censored patients, in 
all patients appearing the event of interest (disease 
progression), the average occurrence of progres-
sion was calculated, the median occurrence of pro-
gression with 95% CI (when possible).

Kaplan-Meier analysis and survival curve to 
disease progression are illustrated in Figure 2.

TABLE 2. Survival to disease progression in the 
studied group
Strata Average Median IC 95% Median
Whole lot 40.98 16.00 13.00 to 29.00

Survival without median progression was 16 
months and median survival was 40.98 months 
(Table 2).

For a conclusive analysis of the main prognos-
tic factors followed in this study, we assessed their 
influence on the progression without signs of dis-
ease, namely the presence/absence of estrogen re-
ceptors, HER2 status, menopausal status, the pres-
ence/absence of diabetes.

Analysis of the impact regarding the presence of 
estrogen receptors on progression-free survival 
(PFS)

Figure 3 illustrates the Kaplan-Meier survival 
curve as a function of the presence/absence of es-
trogen receptors in immunohistochemistry.

FIGURE 1. Correlation between body mass index and the value of the ki67 proliferation index
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Survival data are highlighted in Tables 3 and 4 
and the log-Rank test is applied.

TABLE 3. PFS analysis as a function of estrogen 
receptor expression at IHC
Strata Average Median IC95% Median
Estrogen (-) – 16 27.20 14.50 10.00 to 48.00
Estrogen (+) – 34 47.50 18.50 14.00 to 52.00

TABLE 4. Log-Rank test for patients with / without 
estrogen receptors
Statistic χ² p Value

2.40, 1 freedom degree 0.1000

The differences between the survival curves are 
marginally insignificant (p = 0.10), PFS seems bet-

ter for estrogen receptor tumours, but the data are 
inconclusive. These data are not statistically sig-
nificant due to the fact that the group of patients 
was followed for a short period of time as well as 
the fact that it was composed of patients who were 
initially both in the early and metastatic stages.

Analysis of data on HER2 overexpression and 
the progression-free survival curve

After assessing survival to disease progression 
for patients whose tumours overexpress HER2 
compared to those without expression did not de-
tect a difference, as suggested by the Kaplan Meier 
curve in Figure 4. By performing statistical calcu-
lations, the median survival was 17.5 months for 

FIGURE 2. Kaplan-Meier curve of survival to disease progression

FIGURE 3. PFS survival curve as a function of estrogen receptor expression
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HER2 positive patients compared to 16 months for 
HER2 negative ones. Applying the log-rank for-
mula this difference is not statistically significant 
(p = 1).

Survival analysis without disease progression 
according to the presence / absence of diabetes

In the context in which obesity is frequently as-
sociated with the presence of type II diabetes, a 
statistical analysis was performed regarding the 
influence of the association of diabetic pathology 
on the evolution of breast neoplasm given that in 

this group most patients were overweight or obese. 
The analysis of Figure 5 shows a decrease in time 
to disease progression for patients associated with 
the diagnosis of diabetes. This is also highlighted 
by the statistical calculations in Tables 5 and 6. 
Thus, we observe an average survival of 47 months 
for patients who do not associate diabetes com-
pared to 19.6 months for diabetics.

Median survival is 24 months compared to  
15 months. These are statistically significant  
(p < 0.05).

FIGURE 4. Survival curve to disease progression as a function of HER2 overexpression

FIGURE 5. Survival curve without disease progression depending on the association of diabetes
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TABLE 5. Survival without disease progression in 
patients with / without associated diabetes
Strata Average  Median IC95% Median
DM (-) – 39 47.00 24.00 13.00 to 48.00
DM (+) – 11 19.60 15.00 12.00 to N/A

DM- type II diabetes

TABLE 6. Log-rank test in patients with / without 
diabetes
Statistic χ² p value
4.30, 1 degree of freedom 0.0400

Survival analysis without disease progression 
according to the presence/absence of 
metastases at initial diagnosis

Figure 6 shows that the time to disease progres-
sion is significantly shorter for patients who had 
secondary determinations at diagnosis.

Patients who had metastases at the time of diag-
nosis have lower and median progression-free sur-
vival than patients without metastasis (p < 0.01) 
statistical calculations Median survival without 
disease progression is 36 months for patients who 
did not have metastases at diagnosis compared to 
14 months for those diagnosed in the metastatic 
stage.

To investigate the possible influence of these 
variables on disease-free survival, a simple Cox 
regression is used. Also, in order to provide more 
reproducible information, the influence of signifi-
cant variables on the log-rank test was calculated.

The initial model was the simple one (only one 
independent parameter in the model).

TABLE 7. Variables that influenced the progression-
free survival of the study group
Variable Coefficient p Value HR [IC95%]
Age 0.02 0.1620 1.02 [0.99 to 1.05]
Percentage ki67 0.03 0.0023 1.03 [1.01 to 1.05]
BMI 0.02 0.3480 1.02 [0.96 to 1.09]
Present 
metastases

1.44 < 0.0001 4.25 [2.15 to 8.38]

DM 0.73 0.0433 2.09 [1.02 to 4.28]

The analysis of Table 7 shows that there is an 
influence of the percentage of ki67 proliferation 
index on PFS, an increase of one percent of ex-
pression being associated with an increase in the 
probability of developing a disease progression 
earlier, an increase of 5% being associated with a 
3% higher probability of faster progression  
(p < 0.01); the presence of DM is associated with a 
probability of progression 2 times higher (p < 0.05). 
Also, the probability of developing progression 
earlier is 4.25 times higher in patients who had me-
tastases at the time of diagnosis, the effect being 
statistically significant (p < 0.01).

Multiple Cox regression used the variables with 
statistical significance in the simple analysis, the 
algorithm used was that of retrograde selection and 
the final model is shown in table 8.

TABLE 8. Variables that influence early disease 
progression
Variable Coefficient p value HR [IC95%]
Percentage ki67 0.02 0.0189 1.02 [1.01 to 1.04]
Present metastases 1.52 < 0.0001 4.60 [2.25 to 9.39]
DM 0.99 0.0085 2.70 [1.28 to 5.67]

FIGURE 6. Survival without disease progression in patients with the presence/absence of metastases at diagnosis
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The independent risk factors that influence the 
probability of early onset of neoplasia progression 
are: ki67 percentage with 2% increase probability 
for a 5% increase in the percentage of ki67 prolifer-
ation index (p < 0.05), the existence of initial metas-
tases with an increase of the probability of 4.6 times 
and the existence of diabetes with an increase of 2.7 
of the probability of early progression.

Descriptive analysis of the analysed batch
Table 9 summarizes the characteristics of the 

studied group are in the form of mean ± standard 
deviation (D.S) for continuous variables, and in 
the form of absolute frequency (relative frequency 
– percentages) for category variables.

TABLE 9. Characteristics of patients
Variable Patients
Age – Average ± D. S 54.58 ± 9.83
Estrogen receptors   No – No. (%)

Yes – No. (%)
16 (32.00)
34 (68.00)

ki67 percentage – Average ± D. S 23.80 ± 13.23
HER2   Overexpression No – No. (%)

Yes – No. (%)
36 (72.00)
14 (28.00)

Progression time – Average ± D.S 40.98 ± 46.50
Diabetes No – No. (%)

Yes – No. (%)
39 (78.00)
11 (22.00)

Initial metastases    No – No. (%)
Yes – No. (%)

32 (64.00)
18 (36.00)

BMI – Average ± D. S 28.76 ± 4.81

DISCUSSIONS

This study aimed to identify some prognostic 
factors involved in the evolution of breast cancer 
and the possible implications caused by the pres-
ence of excess adipose tissue. All the patients in-
cluded in this study were screened for cervical 
cancer and viral diseases such as hepatitis B, C or 
HIV. We consider this aspect very important for 
therapeutic compliance (7-13).

Obesity has shown a definite negative influence 
on the evolution of breast cancer in the postmeno-
pausal period and most likely in the premenopau-
sal period, according to recent literature. Given 
this context, we tried to demonstrate an association 
between obesity and the development of breast tu-
mors with a higher degree of aggression, expressed 
by a proliferation index increased in percentage.

In order to establish a correlation between the 
presence of obesity and the aggressiveness of the 
breast neoplasm, a Pearson correlation index was 
calculated between the value of the body mass in-
dex and the value of the proliferation index ki67.

A study by Inwald E.C. and collaborators have 
shown that the ki67 proliferation index has predic-

tive value in terms of overall survival and dis-
ease-free survival (14,15). However, there is a 
study published in 2018 that highlights the fact 
that, in obese patients, intrinsic subtypes with fa-
vorable evolution predominate (16).

In this group, no correlation could be estab-
lished between the presence of an increased body 
mass index and the value of the ki67 proliferation 
index. This correlation may not be statistically sig-
nificant in the context of a small group of patients 
and the fact that most of the patients included in 
this group were overweight or obese.

A very valuable tool for assessing prognosis, 
prognostic factors as well as response to treatment 
is survival without disease progression.

Survival without progression of the disease is 
40.98 months in the context of a mixed group, in 
terms of disease stage.

According to the Breast Cancer Diagnosis and 
Treatment Guide (ESMO), survival at 10 years is 
on average 70%, the recurrence rate is higher in 
the first 2 years after which it decreases to a recur-
rence risk of 2-5% per year for treated localized 
breast cancer (17). In the case of metastatic breast 
cancer, the median overall survival is approxi-
mately 3 years and the 5-year survival is 25% (18). 
Because the group was mixed in this study, con-
sisting of patients in different stages, all of whom 
progressed, it is difficult to compare with data 
from the literature.

The status of estrogen receptors in immunohis-
tochemistry is validated as an important prognos-
tic factor for survival. It is known from the litera-
ture that patients with breast cancer and estrogen 
receptors may recur even 20 years after diagnosis 
(19). Another aspect is represented by the fact that 
in the case of breast tumors with estrogen recep-
tors present, several types of treatments are availa-
ble with increased effectiveness compared to other 
histological subtypes, the prognosis of these tum-
ors being improved.

Thus, in this group, the impact of estrogen re-
ceptor expression on the time to disease progres-
sion was evaluated. Although apparently survival 
without disease progression is longer for patients 
with tumors expressing these receptors, this differ-
ence was not statistically significant (p = 0.1). 
These data have no statistical significance due to 
the fact that the group of patients was followed for 
a short period of time as well as the fact that it was 
composed of patients initially in both the early and 
metastatic stages.

HER2 amplification is present in 20-30% of pa-
tients diagnosed with breast cancer. The main  
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result of HER2 overexpression is the acceleration 
of tumor cell growth and proliferation. HER 2/neu 
overexpression is considered a sign of tumor ag-
gression, but with the discovery of anti-Her agents, 
the prognosis of these patients improved with a 
halving of the recurrence rate, which means a 10% 
benefit for 3-year survival without signs of dis-
ease. a 3% increase in overall survival at 3 years 
(20).

Starting from the premise that HER2 overex-
pression in patients with breast cancer could nega-
tively influence we evaluated the survival to dis-
ease progression in the studied group. Median 
survival without disease progression was 16 
months for HER2-negative patients compared to 
17.5 months for HER2-positive patients. The dif-
ferences were of no statistical significance (p = 1) 
probably in the context of the development of tar-
geted anti- HER 2 treatments with increased effi-
cacy that led to increased survival of patients with 
HER 2 overexpressed tumors.

Insulin, one of the key hormones involved in 
the evolution of glucose intolerance and diabetes, 
also plays an important role in intracellular signal-
ing and uncontrolled proliferation of neoplastic 
disease. Because this hormone interacts with mul-
tiple intra- and intercellular signaling pathways, 
after binding to its receptor, insulin, in addition to 
its role in energy metabolism, has an important 
function in transmitting growth and proliferation 
signals through interaction with mitogen-activated 
protein kinase (MAPK) (21). There are studies that 
suggest that high serum fasting insulin levels in 
patients diagnosed with breast cancer cause an un-
favorable prognosis for them (22).

Based on these data from the literature and from 
the fact that most patients in this group were over-
weight or obese, the role of the association of type 
II diabetes as a prognostic factor in the evolution 
of these patients was quantified.

Thus, a statistically significant difference was 
observed in terms of survival without disease pro-
gression. This difference is evident by following 
the Kaplan Meier curves between the groups of 
patients with / without type II diabetes. Statistical 
calculations performed for this group demonstrat-
ed a median progression-free survival of 24 months 
for patients not associated with diabetes (n = 39) 
compared to 15 months for diabetic patients  
(n = 11). This difference is statistically significant 
(p = 0.04) thus establishing the role of the associa-
tion of diabetic pathology in the evolution of breast 
cancer.

A paper published by Patterson R.E. and his 
collaborators reported a significant increase in 

mortality due to both breast cancer and all causes 
of mortality. These patients had a 26% higher risk 
of developing any event related to the progression 
of breast cancer compared to glycosylated hemo-
globin below 6.5% (23).

A pilot retrospective cohort study published by 
Yen-Lin Chang in 2017 showed that for each unit 
increase in the value of glycosylated hemoglobin, 
the risk of mortality from any cause but also from 
mortality specific to breast cancer is increased. 
Thus, if the level of glycosylated hemoglobin is 
kept below 7%, the prognosis of patients with lo-
calized breast cancer is significantly improved 
(24).

These data from the literature support the re-
sults of this study, respectively, a decrease in sur-
vival without disease progression in patients asso-
ciated with type II diabetes.

This retrospective study followed the evolution 
of a mixed group of patients in terms of diagnosis. 
Thus, the time to disease progression in patients 
with localized breast cancer was assessed com-
pared to those diagnosed in the metastatic stage.

Patients who had metastases at the time of diag-
nosis have lower and median progression-free sur-
vival rates than patients without metastases  
(p < 0.01).

In order to identify the prognostic factors in-
volved in the evolution of breast cancer, continu-
ous variables such as age, body mass index and 
proliferation index ki67 were also evaluated.

Although in the group of patients the mean val-
ue of body mass index was 28.76 ± 4.81 (D.S.) It 
could not be demonstrated that the body mass in-
dex influences survival without disease progres-
sion. Probably this fact is in the context of a signif-
icantly low number of normal-weight patients in 
this group, as well as the fact that in this study 
were included both patients in localized and meta-
static stage.

Recent studies in the literature support the neg-
ative impact of obesity on the prognosis of breast 
cancer (25).

This retrospective study aimed to identify some 
prognostic factors involved in the evolution of 
breast cancer. We also tried to identify a correla-
tion between the presence of excess adipose tissue 
and certain known prognostic factors such as the 
ki67 proliferation index.

The factors involved in the evolution of breast 
cancer that influenced the early progression of the 
disease were: the proliferation index ki67  
(p < 0.05), the presence of metastases at diagnosis 
(p < 0.0001) and the association of type II diabetes 
(p = 0.0085).
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The limitations of this study are represented by 
its retrospective nature and the fact that in this 
study were included both patients diagnosed with 
early breast cancer and patients in metastatic stage.

CONCLUSIONS

When diagnosing a patient with breast cancer, 
the main question that arises is related to the means 
that could be used to improve the prognosis of 
these patients, both in the short and long term. In 
order to achieve this goal, we consider that the 
identification of prognostic factors that influence 
both the overall survival and the time to disease 
progression is an essential step.

The ki67 proliferation index was assessed in the 
group of patients analysed to assess the degree of 
aggression of breast tumours assessed in a group 
of patients in which overweight and obese patients 
predominated. Although in this group no correla-
tion could be identified between the presence of 
excess adipose tissue and this index of prolifera-
tion, it seems that a percentage increase in the ki67 
proliferation index is associated with a decrease in 

time to disease progression. This could be the sub-
ject of further studies to identify the need to esca-
late treatments in these patients.

Another negative prognostic factor identified in 
this study is the association of type II diabetes, a 
factor that doubled the risk of early disease pro-
gression in these patients.

The molecular mechanisms by which diabetes, 
hyperglycaemia, hyperinsulinemia and metabolic 
changes related to these conditions interact with 
the proliferation of neoplastic cells and the evolu-
tion of breast cancer are the subject of numerous 
studies in the literature. Therefore, the impact that 
neglecting the control of type II diabetes in breast 
cancer patients may have adverse consequences 
for their survival. Early diagnosis and optimal 
treatment of diabetes is a controllable way to im-
prove the prognosis of these patients.

Future prospective future studies could clarify 
the connection between breast cancer and meta-
bolic syndrome and could lead to a personalization 
of therapeutic modalities as well as to the fol-
low-up of these patients in multidisciplinary teams.
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