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Objetivo: Analisar a associação do estado nutricional e glicemia de jejum com os principais fatores prognósticos tumorais no câncer de mama 

invasivo em mulheres submetidas a tratamento cirúrgico. Métodos: Estudo retrospectivo com mulheres maiores de 18 anos, diagnosticadas 

com câncer de mama invasivo, admitidas para tratamento cirúrgico no Hospital de Câncer III — Instituto Nacional de Câncer José Alencar 

Gomes da Silva. As variáveis coletadas foram: idade, Índice de Massa Corporal (IMC), comorbidades (hipertensão arterial sistêmica e diabetes 

mellitus), quimioterapia neoadjuvante, estado menopausal, glicemia de jejum, estadiamento clínico e marcadores tumorais (Receptor de 

Estrogênio e Progesterona/Her-2/Ki 67). Os dados categóricos foram expressos pela frequência e percentual e os dados numéricos pela 

média e desvio padrão. A análise estatística foi realizada por meio dos testes de: Kruskal-Wallis, Mann-Whitney, χ2 de Pearson e Sperman. 

P-valores <0,05 foram considerados estatisticamente significantes. Resultados: 166 pacientes participaram da pesquisa. A média de idade 

foi de 59,1 (±12,4) anos e a média de glicemia de jejum foi 109,5±23,7 mg/dL. De acordo com o IMC, 62,1% da amostra foi classificada com 

excesso de peso. O IMC elevado estava associado à presença de hipertensão e hiperglicemia, e não foi observada associação com fatores 

prognósticos. A hiperglicemia estava relacionada com idade mais avançada, maior comprometimento linfonodal, receptor hormonal 

positivo e estado pós-menopausal. Conclusão: O estado nutricional classificado pelo IMC não foi associado com fatores prognósticos no 

câncer de mama, sugerindo a necessidade de outros métodos antropométricos complementares para melhor diagnóstico nutricional.

PALAVRAS-CHAVE: Neoplasias da mama; estadiamento de neoplasias; prognóstico; estado nutricional; obesidade; hiperglicemia.

RESUMO

ABSTRACT

Objective: To analyze the association of nutritional status and fasting blood glucose with the main tumor prognostic factors in invasive breast 

cancer in women undergoing surgical treatment. Methods: Retrospective study with women aged 18 years or older, diagnosed with invasive 

breast cancer, admitted for surgical treatment at Cancer Hospital III – National Cancer Institute José Alencar Gomes da Silva. The variables 

collected were: age, Body Mass Index (BMI), comorbidities (hypertension and diabetes mellitus), neoadjuvant chemotherapy, menopausal 

status, fasting blood glucose, clinical staging, and tumor markers (estrogen and progesterone receptor/HER2/Ki-67). Categorical data were 

expressed by frequency and percentage, and numerical data by mean and standard deviation. We used the following tests to perform the 

statistical analysis: Kruskal-Wallis, Mann-Whitney, Pearson’s χ2, and Spearman tests. P-values <0.05 were considered statistically significant. 

Results: 166 patients participated in the study. The mean age was 59.1 (±12.4) years, and the mean fasting blood glucose was 109.5±23.7 mg/dL.  

According to BMI, 62.1% of the sample was overweight. The high BMI was related to hypertension and hyperglycemia, and no association 

with prognostic factors was found. Hyperglycemia was associated with more advanced age, higher lymph node involvement, hormone 

receptor positive, and post-menopausal status. Conclusion: The nutritional status classified by BMI was not related to prognostic 

factors in breast cancer, suggesting the need for other complementary anthropometric methods for better nutritional diagnosis.
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INTRODUCTION
Breast cancer is the most common type of cancer in women 
around the world, representing 25% of all cases worldwide and 
29.5% in Brazil. It is the most frequent tumor among the female 
population in all regions of the country, except the North, and 
the leading cause of death by cancer in developing countries.1

Breast neoplasia is multifactorial, involving biological-endo-
crine factors, reproductive life, aging, family history of breast 
cancer, high breast tissue density (ratio between glandular and 
breast adipose tissues), behavior, and lifestyle. In addition, alco-
hol consumption, overweight, a sedentary lifestyle, and exposure 
to ionizing radiation are potential agents for its development. 
Its prevention requires lifestyle changes; approximately 30% of 
breast cancer cases could be avoided with the practice of regu-
lar physical activity, a healthy diet, and body weight control.1

The World Health Organization considers obesity one of the 
major public health problems in the world. The estimate is that, 
in 2025, around 2.3 billion adults will be overweight, and more 
than 700 million, obese. Obesity is the excessive accumulation of 
body fat in an individual and has multifactorial causes.2 In addi-
tion to its relationship with hypertension, diabetes, and other 
chronic non-communicable diseases, it is associated with the 
development of 13 types of cancer, including post-menopause 
breast cancer.3 Overweight and obesity in breast cancer patients 
are connected with a worse prognosis and clinical outcome.4

According to the International Agency for Research on Cancer 
(IARC), the carcinogenesis process involves biological mecha-
nisms linked to overweight, such as hyperinsulinemia, insulin 
resistance, changes in the metabolism of sex hormones, positive 
regulation of insulin-like growth factors, chronic inflammation, 
changes in immune function and adipokine production, vascu-
lar growth factors produced by fat tissue, and oxidative stress.3

Some studies have indicated certain causes for a worse clini-
cal outcome in obese breast cancer patients, such as: associa-
tion with other comorbidities, more advanced stage at diagnosis, 
unfavorable tumor characteristics, faster growth of tumor tis-
sue due to deficient cellular immunity, pro-inflammatory state, 
and hormonal influences, among them high levels of estrogen 
and insulin.5

Some anthropometric measures can quantify body over-
weight, such as Body Mass Index (BMI), calculated by dividing 
weight in kilograms (kg) by height in meters (m) squared, kg/m².  
BMI is the most widely used method to evaluate body adiposity 
for being simple, practical, without cost, and a good indicator 
to classify obesity.6

Studies have been developed on the relationship between 
BMI and prognostic factors in breast cancer.7 A prognostic factor 
is a marker associated with overall survival, and a parameter of 
the clinical course, involving the risk of recurrence or death. Its 
study allows a more specific analysis of tumor behavior according 
to its progression, and better development of adjuvant therapy.8 

Prognostic factors in breast neoplasm are classified in conso-
nance with the patient’s condition and tumor aspects. The main 
prognostic factors related to tumor are: histological type, degree 
of differentiation, size, presence of hormone receptors and tumor 
markers, and lymph node involvement. Regarding the host, the 
prognostic factors are: age at diagnosis, family history, BMI, 
and nutritional status, in addition to other not well-established 
genetic traits.9  

Tumor size associated with the condition of axillary lymph 
nodes are the two most important prognostic indicators of breast 
cancer and comprise the basis of the TNM staging, established by 
the Union for International Cancer Control. Tumor size is directly 
related to the risk of recurrence and lymph node involvement, 
that is, smaller tumors have a better prognosis of both overall 
survival and disease-free survival.10

The histological grade reflects the malignant potential of the 
tumor, indicating its higher or lower metastasis capacity, and, 
when combined with the stage of the disease, it can improve 
the prediction of the outcome.11 Age is also an important prog-
nostic factor in breast cancer. Despite the divergences found in 
several studies, most investigations highlight that patients in 
the age group 40-59 years have the best prognosis. On the other 
hand, young women (<35 years) and those with more advanced 
age (>75 years) have the worst prognosis.12,13

Hormone receptors (HR) are proteins that bind to circulat-
ing hormones, mediating their cellular effects. Estrogen recep-
tors (ER) and progesterone receptors (PR) are the HR most 
studied in breast cancer. Approximately two-thirds of breast 
carcinomas are HR-positive (ER and/or PR). This positivity is 
highly associated with a more favorable prognosis and a bet-
ter response to hormone therapy when compared to patients 
with HR-negative tumors.13 

The Human Epidermal Growth Factor Receptor 2 (HER2) is 
a biomarker also used as a prognostic factor. Its overexpression 
is related to a greater biological aggressiveness of the tumor 
and resistance to some types of treatment. HER2 encodes a 
membrane protein of tumor cells, which makes them develop 
faster and increases their duplication, resulting in more aggres-
sive tumors.14

Ki-67 is also a well-studied biomarker and known as a prog-
nostic factor. It is a nuclear protein expressed in proliferating cells 
and absent in resting cells. Its use as a cell proliferation marker 
showed that the higher its index (%), the greater the cell prolif-
eration and the lower the patient survival. Ki-67 can be used to 
divide patients into groups with good or bad prognosis.15

Studies suggest that high fasting blood glucose is also 
related to tumor growth and worse prognosis of breast can-
cer due to the association between hyperglycemia and various 
metabolic changes.16,17

Knowledge about the correlation between nutritional sta-
tus and the main prognostic factors in breast cancer patients 
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provides a better understanding of the population treated and 
the establishment of a more effective nutritional approach. 
Therefore, the main objective of this study was to analyze this 
association in women undergoing surgical treatment at Cancer 
Hospital III (INCA III). 

METHODS

Study design
Observational, cross-sectional, retrospective study with patients 
admitted to oncological surgery at the Mastology Center of INCA 
III from October to December 2016. 

Eligibility criteria
Female patients aged 18 years or older, diagnosed with invasive 
breast cancer and admitted to the surgical wards of INCA III for 
curative treatment.

Exclusion criteria
Women undergoing late reconstruction, palliative surgery, and/
or who lacked information in their hospital records.

Data Collection
For data collection, we used Admission Forms developed by the 
Nutrition Service of the same institution and electronic medical 
records. The variables collected were:
• Age: the number of complete years from the date of birth 

to the date of admission. Patients over 60 years of age were 
classified as older adults;

• Comorbidities: systemic arterial hypertension (SAH) and 
diabetes mellitus (DM);

• Current clinical staging: extension of malignant neoplasm 
determined by the Union for International Cancer Control 
(UICC), through a system called TNM Classification of 
Malignant Tumors (tumor size, lymph node involvement, 
metastasis, and grade);18

• Anthropometry: weight and height measured at the time of 
admission and BMI classification according to the WHO2 for 
adults and the PAHO19 for older adults;

• Fasting blood glucose: verified through a biochemical test 
performed in the preoperative routine at INCA III. The result 
was collected from the electronic medical record on the day of 
admission. We adopted the following parameters: <100 mg/dL  
(normal blood glucose), 100–125 mg/dL (impaired glucose 
tolerance), and ≥126 mg/dL (diabetes mellitus);20

• Tumor markers: presence or absence of hormone receptors 
(estrogen and progesterone), and expression of HER2 
and %Ki-67;

• Menopausal status: status of pre- or post-menopause reported 
at the time of hospitalization.

Statistical analysis
The data collected were analyzed anonymously with the software 
Statistical Package for Social Sciences, version 22.0.

The description of the sample used frequency and percent-
age as categorical variables and mean and standard deviation as 
numeric variables. We used the Kruskal-Wallis and Mann-Whitney 
tests to compare means in two or more groups, Pearson’s χ2 test to 
associate two categorical variables, and Spearman’s correlation 
coefficient to perform linear associations between two numeri-
cal variables, considered statistically significant when p<0.05. 

Ethical aspects
The Committee for Ethics in Research (CER) of INCA III approved 
this study under the number CAAE 73374417.3.0000.5274. 

RESULTS
Among the 287 patients admitted, 166 were selected by the eli-
gibility criteria of the study.

The mean age of the women under study was 59.1±12.4 
years, ranging from 31 to 92 years, with half of the sample 
population consisting of older adults; 80.7% reported being in 
post-menopause. With respect to fasting blood glucose, 62% 
of the patients were in the classification above 99 mg/dL, with 
a mean of 109.5±23.7 mg/dL. Regarding anthropometric vari-
ables, the mean BMI was 28.9±5.8 kg/m2. Tables 1 and 2 present 
the sample characteristics related to clinical, anthropometric, 
and tumor variables.

Table 3 shows the association of mean BMI and fasting blood 
glucose with the main tumor prognostic factors in breast cancer. 
We found no association between the mean BMI and prognos-
tic factors. Women with higher mean fasting blood glucose had 
a significantly more advanced age, greater lymph node involve-
ment, progesterone and estrogen receptor positive, and were in 
post-menopause.

When evaluating the association between BMI categories 
and comorbidities, we found that most hypertensive patients 
were obese (51.1%) (p<0.05). Diabetic patients did not show this 
association (Table 4). Table 5 indicates that patients with higher 
blood glucose levels had greater mean BMI.

No significant difference was observed between the mean 
fasting blood glucose of patients who underwent neoadju-
vant chemotherapy (112.7±28.6 mg/dL) and those who did not 
(106.9±18.6 mg/dL).

The analysis of BMI categories and prognostic factors of the 
entire sample showed no significant association. An analysis 
stratifying the sample according to menopausal status presented 
no significant difference between groups.

The mean Ki-67 of the total sample was 34.1±26.1%, and when 
correlated with BMI and fasting blood glucose, it did not show a 
significant relationship.
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DISCUSSION
The findings of this study related to tumor characteristics indi-
cated that 80.7% of the patients analyzed had ER-positive tumors, 
similar to data presented by Anderson et al., which revealed that 
more than 75% of all breast cancer cases have this tumor char-
acteristic.21 The literature demonstrates that tumors with HER2 
overexpression or amplification affect around 15% of patients 
with invasive cancer;12 in this sample, 13.9% of women had HER2 
positive. The mean Ki-67 of the present study was 34.1%. A stan-
dard cut-off point for the Ki-67 index has not been established 
due to the different methodologies used, ranging from 3.5 to 34%, 
but these cut-off points are inconclusive. Ki-67 is an important 
predictor of neoadjuvant or adjuvant treatment, and the higher 
its index (%), the greater the cell proliferation and lower the sur-
vival. The literature reveals that healthy breast cells have Ki-67 
lower than 3%.15  

Age at diagnosis is also an important prognostic factor. In 
this study, half of the sample consisted of older adults (>60 years) 

and 24% were up to 50 years of age, similarly to literature data, 
which show that approximately 50% of breast cancer cases occur 
in 65-year-old women or older,22 and 20% in women younger than 
50 years of age.12

In the present study, according to BMI, over half of the sam-
ple (62.1%) had excess weight (39.2% overweight and 22.9% obe-
sity). Hankó-Bauer et al. found this same scenario when they 
analyzed obesity in women with breast cancer, revealing that 
62.45% of the sample were overweight and obese (33.07 and 
29.38%, respectively).10 

The number of cases of overweight and obesity is increasing 
around the world. In Brazil, 50.5% of women are overweight,23 
which suggests that it is common for women with breast can-
cer also to be overweight. Obesity is associated with both an 
increased risk of developing breast cancer and worse prognosis 
of the disease, but their relationship is also complex.12 Studies 

Variable n %

Age

≤39 12 7.2

40–49 28 16.9

50–59 43 25.9

60–69 51 30.7

≥70 32 19.3

Neoadjuvant chemotherapy

Yes 74 44.5

No 92 55.5

Hypertension

Yes 90 54.2

No 76 45.8

Diabetes Mellitus

Yes 27 16.3

No 139 83.7

BMI classification

Underweight 14 8.4

Normal 49 29.5

Overweight 38 22.9

Obesity 65 39.2

Blood glucose level

Up to 99 mg/dL 63 38.2

100–125 mg/dL 81 49.1

≥126 mg/dL 21 12.7

Table 1. Clinical, demographic, and anthropometric characteris-
tics of women with invasive breast cancer.

BMI: body mass index.

Variable n %

Tumor size

T1 (≤2cm) 65 39.2

T2 (2–5 cm) 62 37.3

T3 (>5 cm) 16 9.6

T4 (*) 23 13.9

Lymph node involvement

N0 87 52.4

N1 51 30.7

N2 24 14.5

N3 04 2.4

Metastasis

Yes 01 0.6

No 165 99.4

Grade

G1 23 13.8

G2 75 45.2

G3 68 41

Estrogen receptor

Positive 134 80.7

Negative 32 19.3

Progesterone receptor

Positive 123 74

Negative 43 26

HER2

Positive 23 13.9

Negative 143 86.1

Table 2. Distribution of invasive breast cancer patients accor-
ding to tumor characteristics.

*Tumor of any size with skin or chest wall invasion.
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Variable
BMI Fasting Blood Glucose

N Mean±SD p-value N Mean±SD p-value

Age (years)

≤39 12 26.89±4.07

0.58

12 97.25±8.04

0.01

40–49 28 29.30±6.50 28 109.21±33.31

50–59 43 29.40±5.93 43 106.65±21.01

60–69 51 29.22±5.80 51 112.57±20.96

≤70 32 28.12±5.91 32 113.25±24.43

Tumor size

T1 65 28.38±6.12

0.63

65 110.25±24.54

0.78
T2 62 29.34±5.73 62 108.06±17.81

T3 16 27.90±4.88 16 102.50±9.79

T4 23 29.86±6.12 23 116.09±37.83

Lymph node involvement

N0 87 29.17±5.67

0.43

87 107.36±20.34

0.03
N1 51 28.16±6.15 51 107.02±20.02

N2 24 29.29±6.33 24 118.21±35.52

N3 4 30.19±2.82 4 135.25±31.05

Metastasis

No 165 28.90±5.87
0.94

165 109.56±23.77
0.72

Yes 1 29.31 1 99.00

Grade

G1 23 29.06±5.23

0.79

23 106.61±18.39

0.36G2 75 29.12±5.80 75 112.84±28.64

G3 68 28.60±6.17 68 106.78±18.55

Menopausal status

Pre 32 28.45±6.40
0.58

32 103.00±18.57
0.02

Post 134 29.01±5.73 134 111.04±24.58

Progesterone receptor

Positive 123 29.36±5.89
0.11

123 111.64±24.96
0.01

Negative 43 27.59±5.61 43 103.35±18.60

Estrogen receptor

Positive 134 29.09±5.89
0.52

134 110.89±24.20
0.03

Negative 32 28.09±5.69 32 103.66±20.88

HER2

Negative 143 28.86±5.84
0.65

143 110.44±24.94
0.4

Positive 23 29.16±6.06 23 103.61±12.61

Table 3. Association of fasting blood glucose and body mass index (BMI) with prognostic factors in women with invasive breast cancer.

SD: standard deviation.

show that the main hypothesis is that excess fat tissue promotes 
a hormonal imbalance, and increases insulin and circulating 
insulin-like growth factor (IGF-1); and that adipocytes produc-
ing pro-inflammatory factors, such as tumor necrosis factor 
(TNF), interleukin, and C-reactive protein, induces the progres-
sion of the cell cycle and apoptosis inhibition, raising the risk 

of developing cancer. In addition, the factors mentioned might 
promote overexpression of oncogenes,24 oxidative stress, and 
changes in immune function.3

In the current study, we analyzed the relationship between 
nutritional status and prognostic factors and found no signif-
icant association between BMI and tumor size, lymph node 
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involvement, metastasis, histological grade, hormone receptors, 
HER2, and Ki-67. These results differ from those of other studies 
that, after associating obesity with prognostic factors, revealed 
that overweight women with breast cancer had larger tumors 
and lymph node involvement.10,25,26 Daling et al., while studying 
the relationship between BMI and tumor markers in 1,177 North-
American women with invasive breast cancer, found that those 
who were in the highest BMI quartile had larger tumors, higher 
histological grade, estrogen receptor negative, and more signifi-
cant expression of Ki-67, when compared to women with tumor 
who were in the first BMI quartile.27 

Currently, there are several anthropometric measures to 
assess excess fat in individuals. Among them, BMI is the most 
widely used method to classify overweight or obesity in adult 
populations for being simple, fast, and easy to apply and mea-
sure. However, when compared to methods that assess body 
composition, BMI shows an imprecise estimate of fat and 
lean mass. Some authors have questioned its use in diagnos-
ing body fat.28

In this study, we did not adopt other anthropometric vari-
ables to analyze body fat distribution, such as waist circumfer-
ence (WC) and waist-hip ratio (WHR). A Brazilian study by Felden 
and Figueiredo investigated the relationship between body fat 
distribution and breast cancer patients and revealed that women 
with WC>88 cm were 2.08 times more likely to develop the dis-
ease than those with normal measures, not finding an association 
of BMI and WHR with breast cancer.29 A research conducted in 
the same institution with 2040 women with breast cancer, who 
had a profile similar to the participants in the current study, indi-
cated that patients with greater abdominal fat (WC and WHR) 
had larger tumors and lymph node involvement; and, after ana-
lyzing the BMI and prognostic factors, it found no significant 
difference.30 These findings could suggest that abdominal obe-
sity is more significant when analyzing the relationship between 
overweight and prognostic factors in breast cancer than assess-
ing overall obesity.

Regarding comorbidities, more than half of the sample 
(54.2%) had SAH. According to the Ministry of Health, 25.7% 

of the population has this pathology. The relationship between 
hypertension and breast cancer is still inconsistent in the lit-
erature. A study revealed that hypertension before a breast 
cancer diagnosis was associated with worse survival, partic-
ularly for African-American women.31 The results of studies 
with animal models and humans suggest that hypertension 
can increase the carcinogenic response and initiate the carci-
nogenesis process. However, further studies are necessary to 
understand this association.32

Among the women participating in this research, 16.3% had 
diabetes mellitus, corroborating a study conducted in Mexico 
with a sample of 265 invasive breast cancer patients, in which 
15% were diabetic.16 In the present study, despite the low percent-
age of diabetic patients, over half of the sample (62%) presented 
pre-surgical hyperglycemia (blood glucose level >99 mg/dL).  
Among non-diabetic patients, 51.8% had blood glucose level 
between 100 and 125 mg/dL, belonging to the category of 
increased risk for the development of this comorbidity, and 
4.3% had blood glucose level ≥126 mg/dL, classified in the indi-
cator of diabetes mellitus category, according to the American 
Diabetes Association.18 A recent study with women with breast 
cancer found higher blood glucose and insulin levels in non-
diabetic patients.33

The present study showed a significant association between 
hyperglycemia and more advanced age, higher lymph node 
involvement, hormone receptor positive, and post-menopausal 
status. These results are in line with a similar study, conducted 
in the same institution, which revealed that women with fasting 
blood glucose above 100 mg/dL in the preoperative period had 

Table 4. Association between body mass index (BMI) and comorbidities of women with invasive breast cancer.

Variable

BMI

Underweight 
(%)

Normal
(%)

Overweight
(%)

Obesity
(%)

p-value

Hypertension

No (n=76) 10.5 31.6 32.9 25.0
0.03

Yes (n=90) 6.7 27.8 14.4 51.1

Diabetes Mellitus

No (n=76) 7.9 28.8 23.7 39.6
0.86

Yes (n=90) 11.1 33.3 18.5 37.0

SD: standard deviation.

Table 5. Association between fasting blood glucose and body 
mass index (BMI) of women with invasive breast cancer.

Fasting blood glucose BMI (Mean±SD) p-value

≤99 mg/dL 27.6±5.04

0.03100–125 mg/dL 29.9±5.09

≥126 mg/dL 28.6±7.13
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larger tumors and lower survival.30 Villarreal-Garza identified 
decreased survival in patients with hyperglycemia — diabetic or 
not —, and a higher risk of death for women with serum glucose 
levels greater than 130 mg/dL.16 Studies indicate an association 
of hyperglycemia with a worse prognosis of breast cancer and 
larger tumors.16,17 According to Erickson et al., hyperglycemia 
can directly influence the progress and outcomes of breast can-
cer through several mechanisms, including high levels of insu-
lin and insulin-like growth factors, sex hormones, and inflam-
matory markers.17 

Similarly to our results, a study performed with women with 
breast cancer in Southern Brazil did not identify a significant 

association of menopausal status with tumor characteristics 
and anthropometric variables.29

The current findings show that nutritional status, classified 
according to BMI, had no association with prognostic factors. 
These results might suggest the need for other complementary 
anthropometric methods, such as waist circumference and waist-
hip ratio, for a better nutritional diagnosis. Nonetheless, patients 
with fasting hyperglycemia had a more advanced age, higher 
lymph node involvement, hormone receptor positive, and post-
menopausal status. Considering that overweight and hypergly-
cemia are modifiable risk factors, we can adopt new practices 
to improve nutritional intervention.
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