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Model for Aromatase Inhibitor - Associated
Osteoporosis in Breast Cancer Patients

Osteoporosis in Chinese Breast Cancer Patients: A Retrospective Cohort Study
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. Research Background

» According to the 2022 Statistical Report from the National Cancer

Center of China, breast cancer 1s the second most common AROMATASE INHIBITORS - HOW THEY WORK

Androgen Androgen

malignant tumor among Chinese women.;

Aromatase —® Aromatase

inhibitors

» Approximately 70% of breast cancer cases are hormone

receptor - positive, requiring endocrine therapy.

Estrogen
receptors

» Al -associated OP can reduce estrogen levels and the recurrence

risk of breast cancer. However, they also cause bone loss. Moreover, S A )

the decline in estrogen levels after menopause in women accelerates

Han B, 2024, Waks A G, 2019, [FZE, 2 Eastell R, 2006
bone loss.
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» Osteoporosis (OP) is a systemic bone disease characterized by reduced bone mass and deterioration
of bone tissue microstructure. The incidence of Al - related OP in breast cancer patients ranges from
approximately 11% to 30%. Osteoporotic fractures are a serious consequence of OP, which can affect
patients' treatment compliance and quality of life.

» Risk prediction models are effective tools for individualized risk prediction and accurate
identification of high - risk groups. They use statistical methods to accurately predict the probability of
a patient developing a certain disease, classify high - risk groups based on the probability, and

implement individualized prevention strategies for high - risk groups.

BfRMEE, 2023, Kwan ML, 2023, ZEXEREZE, 2017, LeBoff M'S, 2022,
Abdel-Razeq H, 2022, Wolff RF,; 2019



. Research Background

Summary of Existing Studies on Related Risk Prediction Models

Literatu Modeli Study

re

Li

2017

ng Subjects
Method
Cox Breast cancer
Wenhuan, Regressio patients
n taking
anastrozole

Lichen Ji Machine Breast cancer

2022 Learning  patients
Algorithm

Meiling Machine  Breast cancer

Chu Learning  patients

2023 Algorithm taking Al

iE: DXAPITNEEXETLLIRITE

OP

OP

Bone Loss

Assessment
Tool and
Diagnostic
Criteria

DXA
T<-2.5

DXA, 2022 AACE
Osteoporosis
Treatment
Guidelines

DXA
T<-1.0

Influencing Factors

Menopausal duration, duration of
anastrozole use, duration of
bisphosphonate use, serum bone -
specific alkaline phosphatase

Age, anti - estrogen therapy,
molecular subtype, glucocorticoid
therapy, serum bone - specific
alkaline phosphatase

Duration of breast cancer, duration
of oral Al use, hip fracture index,
major osteoporotic fracture index,
prolactin, osteocalcin

Limitations

When evaluating the predictive value of risk
factors, the area under the ROC curve (AUC)
is low (0.510 - 0.735), and the final prediction
model is not presented, so it cannot be applied
clinically.

When evaluating the predictive value of risk
factors, the area under the ROC curve (AUC)
is low (0.510 - 0.735), and the final prediction
model is not presented, so it cannot be applied
clinically.

If the bone loss prediction model constructed
in this study is used for OP risk prediction, it
may overestimate the OP risk in this
population.

EVIRE 2017, JiL, 2022, ChuM, 2023
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. Research Content and Objectives

To construct and validate a nomogram model for predicting the risk of Al - related OP

in breast cancer patients.



Research Methods
and Results




. Research Methods

Phase 1: Identification of Potential Influencing Factors for Al - related OP in Breast Cancer Patients

Category Variables (22 in total)

General Demographic Factors Age, BMI, Physical Activity

Medical History and Family History, Fracture History, Fall History, Hypertension, Diabetes, Glucocorticoid Use History
Comorbidities
Breast Cancer Disease and Molecular Subtype, Chemotherapy, Use of Anthracycline and Cyclophosphamide Chemotherapy Drugs,

Treatment Factors

Radiotherapy, Targeted Drug Therapy, Duration of AI Use

Physiological and Biochemical BALP

Indicators
Lifestyle Factors Exercise Frequency, Average Exercise Duration, Regular Calcium/Vitamin D Supplementation, Smoking,

Carbonated Beverage Consumption, Coffee Consumption
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. Research Methods

Phase 2: Construction and Validation of the Risk Prediction Model for Al - related OP in Breast
Cancer Patients

» Study Design: Retrospective cohort study

» Study Subjects: Breast cancer patients who completed DXA bone mineral density (BMD)

examination and took Al in a tertiary first - class oncology hospital in Tianjin from January

2016 to October 2023.

» Diagnostic Criteria:Patients were divided into the osteoporosis group and the non - osteoporosis
group according to whether they had OP. Patients diagnosed with OP by DXA were included in the

osteoporosis group. According to the WHO diagnostic criteria: OP can be diagnosed if the T - score

of any one of the lumbar spine 1 - 4, femoral neck, and total hip is <- 2.5. Kanis JA, 2000
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. Research Methods

Phase 2: Construction and Validation of the Risk Prediction Model for Al - related OP in
Breast Cancer Patients

> Inclusion Criteria:

1. Patients with pathologically confirmed primary breast cancer, in accordance with the Breast Cancer
Diagnosis and Treatment Guidelines (2022 Edition). ;

2. Postmenopausal patients (natural menopause or menopause induced by drugs or surgery) who have taken

Al for > 6 months.

> Exclusion Criteria:

1. Patients with a previous history of OP or OP detected in the baseline BMD examination.

> Exclusion Criteria (for Data):

1. Patients who died or were lost to follow - up after discharge.
2. Patients and/or their family members refused follow - up.

3. Patients with missing data > 10%.



. Research Methods

Phase 2: Construction and Validation of the Risk Prediction Model for Al - related OP in
Breast Cancer Patients

Sample Size Calculation:

According to the sample size estimation method for Logistic regression analysis, the sample size
should be 5 - 10 times the number of independent variables. This study estimated that 22 independent
variables would be included. Based on the literature, the incidence of Al - related OP in breast cancer
patients is approximately 11% - 30%, and a 10% loss - to - follow - up rate is also considered.

Finally, 1186 patients were included in this study, which met the sample size requirement.
According to the ratio of 7:3, the sample size of the modeling group was 830 cases, and that of the

validation group was 356 cases. Kwan ML, 2023, ZEE 2017 Moons K G, 2009

12
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. Research Methods

Data Collection and Entry:

» The collection and export of data obtained the approval and support of the relevant departments of a tertiary first - class
oncology hospital in Tianjin.,

» Data of breast cancer patients who completed DXA examination from January 2016 to October 2023 were exported from the
hospital medical record system, and the study subjects were selected according to the inclusion and exclusion criteria.
Patients were followed up by telephone according to the Questionnaire on Influencing Factors of Al - related OP in Breast
Cancer Patients. Data were entered into Excel spreadsheets on the day of collection.

» Using the patient's name and medical record number as search terms, the patient's BMD test results were viewed through the
hospital medical record system and entered into Excel spreadsheets. At the same time, the missing and incomplete contents

in the spreadsheets were supplemented and improved.
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. R h Method Phase 2: Construction and Validation of the Risk Prediction
esearc €tNOAS  \odel for Al - related OP in Breast Cancer Patients

SPSS 26.0 and R 4.0.4 software were used for statistical analysis.

Umva"a_te » To screen out variables with potential associations with the outcome.
Analysis

The forward - backward stepwise regression method was used to determine the final

Logistic Regression

variables included in the model, and a nomogram model for predicting the risk of Al -

Analysis

related OP in breast cancer patients was constructed.

» Discriminative Ability;

Model Evaluation » Classification Performance;
» Calibration;

» Clinical Utility.
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. Quality Control

> Study Design Phase:

Clinical medical and nursing experts in the fields of breast oncology, bone oncology, breast rehabilitation, and nursing management were
invited to revise and improve the potential influencing factor variables, and the potential influencing factor variables and their operational
definitions were determined before data collection.

A pre - experiment was conducted before formal data collection to adjust the content of telephone follow - up and improve the data

collection form..

Data Collection and Entry Phase:

During the telephone follow - up, active communication was conducted with patients, their questions were answered patiently, and their
trust and support were obtained. ;

The patients' bone conditions were determined strictly in accordance with the WHO diagnostic criteria. If there were any doubts, BMD
diagnosis experts were consulted;

After the completion of data collection, range and logical verification were conducted on the data collection forms.

Data Analysis Phase:

Statistical analysis was conducted strictly in accordance with statistical methods, and guidance was sought from professionals in statistical

analysis to ensure the reliability and scientificity of statistical analysis.



I Ethical Principles

» This study has been approved by
the Ethics Committee of Tianjin
Cancer Hospital: Approval No.
bc2023143.

» The principles of informed consent,
voluntariness, confidentiality,
impartiality, and non - maleficence were

followed
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. Research Results
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» The incidence of OP was approximately 16.27%;

» Except for the variable of carbonated beverage consumption, which showed a statistically significant
difference in the baseline data comparison between the modeling group and the validation group (P < 0.05),
there were no statistically significant differences in other potential risk factors between the modeling group

and the validation group (P > 0.05).



. Univariate Analysis Baseline Characteristics

Variable

Physical Activity

Fracture History

Fall History

Glucocorticoid
History

Hypertension

Grouping

Underweight

Normal
Overweight
Obese
Mild
Moderate

Severe

No

Yes
No
Yes
No
Yes
No

Yes

Osteoporosis

61.94+6.99

5(3.70)

63(46.67)
58(43.96)
9(6.67)
104(77.04)
23(17.04)
8(5.93)

116(85.9%)

19(14.1%)
130(96.30)
5(3.70)
111(82.22)
24(17.78)
93(68.89)

42(31.11)

Non - Osteoporosis

54.53+£10.18

12(1.73)

237(34.10)
313(45.04)
133(19.14)
354(50.94)
135(19.42)
206(29.64)

655(94.2%)

40(5.8%)
691(99.42)
4(0.58)
477(68.63)
218(31.37)
559(80.43)

136(19.57)

7).

-8.095
NA

38.952

11.847

7.603

10.106

8.94

<0.001
<0.001

<0.001

0.001

0.006

0.001

0.003

Potential influencing factors of Al +s
related OP in breast cancer patients:
Age

BMI

Physical Activity

Fracture History

Fall History

Glucocorticoid Use

Hypertension

Diabetes

Chemotherapy

Cyclophosphamide and
Anthracycline/Taxane Chemotherapy
Drugs

Radiotherapy

Targeted Drug Therapy

Carbonated Beverage Consumption

Coffee Consumption



. Univariate Analysis 19

Non - Osteoporosis t/x?

Osteoporosis

Variable Grouping
Diabetes No
Yes
Chemotherapy No
Adjuvant Chemotherapy

Cyclophosphamide and
Anthracycline/Taxane
Chemotherapy Drugs

Radiotherapy

Targeted Drug Therapy

Carbonated Beverage Consumption

Coffee Consumption

Neoadjuvant Chemotherapy

Adjuvant and Neoadjuvant
Chemotherapy

No
Yes

No
Yes
No
Yes
Never
< 3 bottles/week
> 3 bottles/week
Never

< 3 cups/week

> 3 cups/week

117(86.67)

18(13.33)
42(31.11)
79(58.52)

10(7.41)
4(2.96)

81(60.00)
54(40.00)

89(65.93)
46(34.07)
124(91.85)
11(8.15)
131(97.04)
4(2.96)
0(0%)
124(91.85)
6(4.44)

5(3.71)

639(91.94)

56(8.06)
120(17.27)
438(63.02)

94(13.53)
43(6.19)

348(50.07)
347(49.93)

362(52.09)
333(47.91)
581(83.60)
114(16.40)
613(88.20)
70(10.07)
12(1.73)
572(82.30)
80(11.51)

43(6.19)

3.875

16.921

4.462

8.726

6.021

NA

7.883

0.049

0.001

0.035

0.003

0.014

0.005

0.019



. Univariate AnalysiS coliinearity Diagnosis and Variable Assignment ”

Variables with P < 0.05 in the univariate analysis were tested
for multicollinearity using tolerance and variance inflation

Variable
Age
BMI
Physical Activity
Fracture History
Fall History
Glucocorticoid Use
Hypertension
Diabetes
Chemotherapy

Cyclophosphamide and
Anthracycline/Taxane Chemotherapy Drugs

Radiotherapy
Targeted Drug Therapy

Coftee Consumption

Tolerance \21%
0.678 1.475
0.959 1.043
0.885 1.130
0.956 1.046
0.967 1.034
0.818 1.223
0.829 1.207
0.885 1.130
0.757 1.321
0.894 1.119
0.818 1.222
0.937 1.063

>0.994?1 < 11og

factor.

ROC 4k
1.0 //
vl
P4
7 4
08 ,/
//
Ve
P
i
06 74
e
o
o
04 /
/
02 ,/
/
rd
00 %
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Age was divided into two groups: < 57 years old and > 57 years old



. Univariate Analys IS Binary Logistic Regression Analysis

Finally, 4 independent risk factors were identified, including age, BMI, physical activity, and fracture history.

Table 3: Results of Logistic Regression Analysis on Influencing Factors of Al - related OP in Breast Cancer Patients

-““ N

Variable

Age < 57 years old
Age 2 57 years old

Underweight

Overweight or Obese

Physical Activity

Moderate
Severe

Fracture History

Yes

Constant

Regression

Coefficient

1.127

-0.986
-2.260

0.129
-1.035

0.675
-1.057

Standard

Error

0.272

0.606
0.693

0.278
0.448

0.327
0.635

<0.001

0.103
0.001

0.644
0.021

0.039
0.096

17.217

2.651
10.627

0.214
5.34

4.246
2774

3.085

0.373
0.104

1.137
0.355

1.963
0.347

1.000
1.839~5.347

1.000
0.118~1.319
0.027~0.425

1.000
0.667~1.990
0.140~0.827

1.000
1.017~3.695
0.092~1.153

21
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- - - Nomogram for Predicting the Risk of Al -
. Univariate AnaIySIS related OP in Breast Cancer Patients
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. Univariate Analysis

Sensitivity
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0.6
|

AUC: 0.767

0.2
|
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| | \ \ | |
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1 - Specificity

Image: ROC Curve of the Modeling
Group
AUCH0.767 (95%CI: 0.727-0.808)

Model Validation - Discriminative Ability

Sensitivity
0.4

1.0

0.8
|

0.156 (0.641, 0.759)

0.6

AUC: 0.741

0.2

0.0
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Image: ROC Curve of the Validation

Group
AUCH0.741 (95%CI: 0.683-0.800)
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. Univariate Analysis

Actual probability
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Calibration curve of the modeling group: The
chi - square value of the H - L test was 1.358,
P=0.715>0.05
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Calibration curve of the validation
group: The chi - square value of the H -
L test was 3.429, P=0.330> 0.05
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. Univariate Ana|ysis Model Validation - Clinical Utility

Net Benefit
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DCA curve of the modeling group: DCA curve of the validation group:

Threshold probability range of 5% - 40% Threshold probability range of 5% - 45%
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. Research Conclusions

» The results of the univariate analysis showed that 14 variables, including age, BMI, physical activity, fracture
history, fall history, glucocorticoid use, hypertension, diabetes, chemotherapy, use of cyclophosphamide and
anthracycline or taxane chemotherapy drugs, radiotherapy, targeted drug therapy, carbonated beverage consumption,
and coffee consumption, were influencing factors of Al - related OP in breast cancer patients.

» Based on the binary Logistic regression analysis, the independent influencing factors of OP were screened out, and
the model included age, BMI, physical activity, and fracture history. After validation, the model showed good
discriminative ability. The consistency between the predicted probability and the actual probability of OP was good,

and the model could effectively identify high - risk groups of OP.

27
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. Limitations and Prospects

» This is a retrospective study.
Limitations
> Itis a single - center study.

» In the future, multi - center and prospective studies can be carried out to validate
and optimize the predictive performance of the model, so as to promote its

popularization and application.

29
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