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Abstract: Purpose: The study aims to investigate racial disparities in fall-related injuries among Black and White
breast cancer survivors who received chemotherapy, focusing on the risks associated with different
chemotherapy regimens. Methods: This retrospective cohort study involved 11,400 breast cancer survivors
(Stage 1-3) treated with chemotherapy between January 1, 2019, and December 31, 2023. Chemotherapy types
studied include Doxorubicin, Cyclophosphamide, Paclitaxel, Docetaxel, and Carboplatin. Logistic regression
and descriptive analyses were used to assess fall risk associated with each chemotherapy type, stratified by race.
Results: The overall fall-related injury rate was higher among Black survivors (14.7%) compared to White
survivors (10.0%), with a significant difference in fall risk between the two groups (p < 0.001). Fall risk was
notably elevated for Black patients treated with Cyclophosphamide, Docetaxel, and Carboplatin. Conclusions:
The findings highlight significant racial disparities in fall-related injuries among breast cancer survivors
receiving chemotherapy. These disparities may be influenced by socioeconomic factors and healthcare access.
Implications for Cancer Survivors: Interventions targeting fall prevention and equitable healthcare access are
critical to reducing these disparities among Black breast cancer survivors.
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Introduction

Breast cancer survival rates have seen a remarkable increase over the past few decades, largely
due to advancements in early detection, targeted therapies, and chemotherapy (1,2). This progress
has transformed breast cancer from a once often fatal disease to one where long-term survivorship is
increasingly common (3). However, the journey to survivorship is not easy for any woman and is
often filled with mental and physical challenges (4). These challenges can be due to medications taken
during the diagnosis and afterward, such as chemotherapy and adjunct hormonal therapy(5-7).
Chemotherapy remains a cornerstone in the treatment of breast cancer, offering potent efficacy
against tumor cells (8). Medications such as Doxorubicin, Cyclophosphamide, Paclitaxel, Docetaxel,
and Carboplatin are widely used for their ability to improve survival rates(9). However, these
treatments are not without their challenges. The potent effects of these drugs are accompanied by a
range of side effects, including neuropathy, muscle weakness, and fatigue, which can significantly
increase the risk of falls—a serious and often overlooked complication among breast cancer survivors
(10,11).

Moreover, health disparities can profoundly impact the long-term outcomes of breast cancer
survivors and decrease their quality of life (12). Black breast cancer survivors, for instance, face
disproportionate challenges compared to their White counterparts, including limited access to
quality care and the financial burden of treatment (13,14). These inequities lead to varied health
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outcomes, making women of color more vulnerable to complications (15). The choice of
chemotherapy, in particular, is sometimes influenced by a patient's socioeconomic status, depending
on the availability and type of health insurance (16). Some chemotherapy drugs, known for their
strong effects, such as dizziness and muscle weakness, increase the likelihood of falls and related
injuries among these women (11,17).

This study aims to investigate racial disparities (Black and White) in fall-related injuries among
breast cancer survivors receiving chemotherapy, focusing on the impact of chemotherapy regimens,
including Doxorubicin, Cyclophosphamide, Paclitaxel, Docetaxel, and Carboplatin.

Methods

A retrospective cohort study consisted of 11,400 female breast cancer survivors (Stage 1-3), aged
18 years and older. The participants were divided into three groups for analysis: those who received
chemotherapy, those who experienced fall-related injuries, and those who had both chemotherapy
and fall-related injuries. The Inclusion criteria required patients between 18 to 89 years old who had
undergone treatment with one or more of the following chemotherapy agents: Doxorubicin,
Cyclophosphamide, Paclitaxel, Docetaxel, or Carboplatin. Additionally, patients needed to have
documented fall-related injuries during the study period, which spanned from January 1, 2019, to
December 31, 2023.

TriNetX is a global health research network that connects healthcare organizations and life
sciences companies, utilizing real-world data to accelerate clinical research and the development of
new therapies. Through its platform, TriNetX provides access to aggregated and anonymized patient
data from electronic health records, enabling researchers to conduct observational studies, optimize
clinical trials, and generate real-world evidence for healthcare advancements (18).

International Classification of Diseases (ICD-10)(19) codes were used to accurately identify
breast cancer diagnoses and fall-related injuries. These codes allow for a standardized way of
categorizing various health conditions, ensuring consistency in data collection and analysis. Personal
history of malignant neoplasm of the breast are coded under ICD-10 category Z85.3, which
encompasses various forms of malignant neoplasms of the breast, depending on their specific
location. Fall-related injuries, which are crucial to this study, are captured under the W00-W19 range,
which includes different types of falls, such as those occurring from slipping, tripping, or falling from
furniture (Tablel.).

Table 1. ICD-10 Codes for Breast Cancer Diagnoses and Fall-Related Injuries Used in the Study.

Category Code Description
Breast Cancer | Z85.3 Personal history of malignant neoplasm of the breast
(ICD-10)
Fall-Related WO00-W19 Slipping, tripping, stumbling, and falls
Injuries (ICD- W01 Fall on same level from slipping, tripping, and
10) stumbling

W06 Fall from bed

W07 Fall from chair

W08 Fall from other furniture

W18 Other fall on same level

W06 Fall from bed

The Current Procedural Terminology (CPT) codes used to document the administration of
chemotherapy drugs in the study. These codes provide a standardized way of identifying and billing
for specific chemotherapy treatments administered to breast cancer survivors. Each drug listed is
commonly used in the treatment of breast cancer, and its corresponding CPT code is used to track its
administration in clinical settings (Table. 2).

Table 2. CPT Codes for Chemotherapy Drugs Administered to Breast Cancer Survivors.
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Drug CPT Code  Description
Doxorubicin (Adriamycin) J9000 Doxorubicin hydrochloride, 10 mg
Cyclophosphamide (Cytoxan) J9070 Cyclophosphamide, 100 mg
Paclitaxel (Taxol) J9265 Paclitaxel, 30 mg
Docetaxel (Taxotere) Jo171 Docetaxel, 1 mg
Carboplatin J9045 Carboplatin, 50 mg

For missing data, the TriNetX platform aggregates real-world data from electronic health
records (EHRs) across healthcare organizations, ensuring that all necessary patient data are complete
and de-identified. TriNetX’s federated data network maintains rigorous data governance protocols,
minimizing the occurrence of missing data. Therefore, for this analysis, there were no missing data
for key variables such as diagnosis codes, demographic characteristics, or clinical outcomes.

Statistical Analysis. Our analysis was conducted on the TriNetX platform. Descriptive statistics
were used to summarize demographic characteristics of the study population. Continuous variables,
such as age, were expressed as means and standard deviations, while categorical variables, including
sex, race, and ethnicity, were reported as frequencies and percentages.

Univariate analyses were performed using Chi-square tests for categorical variables and T-tests for
continuous variables. Logistic regression analyses were conducted to assess associations between
chemotherapy types, race, and the likelihood of fall-related injuries.

Software and Tools. All analyses were conducted using the TriNetX platform’s analytical tools.
These tools enabled processing of large datasets and provided robust statistical evaluations and
visualizations to support epidemiological analysis.

Results

Demographic Characteristics. In the study population of 11,400 breast cancer survivors, 89.2%
(N =10,170) were identified as either Black or White. The age range of these patients ranged from 18
to 89 years, with a mean age of 69 years and a standard deviation of 12 years. The majority of patients
were White, accounting for 66.75% (N = 6,788), while Black or African American patients constituted
33.33% (N =3,390). In terms of ethnicity, 64.03% (N = 6,512) had an unknown ethnicity. Non-Hispanic
or Latino individuals comprised 35.78% (N = 3,639), while Hispanic or Latino individuals accounted
for only 0.35% (N = 36).

Racial Distribution of Breast Cancer Survivors Who Received Chemotherapy. Among the total
breast cancer survivors, 28.2% (N = 3,220) received chemotherapy. Within this group, 55.7% (N =
1,794) were White, and 44.3% (N = 1,426) were Black or African American.

Among White breast cancer survivors, Cyclophosphamide was the most common
chemotherapy, given to 24.9% (N = 447) of patients, followed closely by Paclitaxel (Taxol) at 23.9% (N
= 429). Docetaxel (Taxotere) was used by 19.0% (N = 341) of White patients, while both Carboplatin
and Doxorubicin were each administered to 16.1% (N = 289).

For Black or African American breast cancer survivors, Cyclophosphamide was also the most
commonly administered treatment, given to 25.2% (N = 359) of patients. Paclitaxel (Taxol) was used
by 23.9% (N = 341), while Doxorubicin was administered to 17.8% (N =254). Docetaxel (Taxotere) and
Carboplatin were each given to 16.6% (N = 237) of Black patients.

The most commonly administered chemotherapy among the total group was
Cyclophosphamide, used by 25.0% (N = 806) of patients. This was followed by Paclitaxel (Taxol),
administered to 23.9% (N = 770) (Table.3).

Table 3. Racial Distribution and Chemotherapy Utilization Among Breast Cancer Survivors.

Chemotherapy White Patients Black Patients Total Patients
(N=1,794) (N=1,426) (N=3,220)
Docetaxel 341 (19.0%) 237 (16.6%) 578 (17.9%)
(Taxotere)
Carboplatin 289 (16.1%) 237 (16.6%) 526 (16.3%)

Doxorubicin 289 (16.1%) 254 (17.8%) 543 (16.9%)
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Cyclophosphamide 447 (24.9%) 359 (25.2%) 806 (25.0%)
Paclitaxel (Taxol) 429 (23.9%) 341 (23.9%) 770 (23.9%)
Total 1,794 (55.7%) 1,426 (44.3%) 3,220 (100%)

Racial Distribution of Breast Cancer Survivors Who Received Chemotherapy and
Experienced Falls. In the study population of 10,170 breast cancer survivors (Black and white), 9.2%
(N =940) experienced fall-related injuries. Among these, 41.5% (N = 390) of the falls were specifically
attributed to the effects of chemotherapy. The distribution of these chemotherapy-related falls varied
across different chemotherapy types.

For patients treated with Doxorubicin, 50% (N = 30) of the falls were observed in White patients,
and 50% (N = 30) in Black or African American patients. Cyclophosphamide was associated with falls
in 44.44% (N = 40) of White patients and 55.55% (N = 50) of Black or African American patients.
Paclitaxel (Taxol) resulted in an equal distribution of falls, with 50% (N = 50) occurring in White
patients and 50% (N = 50) in Black or African American patients.

Docetaxel (Taxotere) was linked to falls in 42.85% (N = 30) of White patients and 57.14% (N = 40)
of Black or African American patients. Similarly, Carboplatin was associated with falls in 42.85% (N
=30) of White patients and 57.14% (N = 40) of Black or African American patients (Table 4.).

Table 4. Racial Distribution of Breast Cancer Survivors Who Received Chemotherapy and
Experienced Falls.

Chemotherapy Total White Black or
Types N African
American
Doxorubicin 60 30 (50%) 30 (50%)
Cyclophosphamide 90 40 50 (55.55%)
(44.44%)
Paclitaxel (Taxol) 100 50 (50%) 50 (50%)
Docetaxel (Taxotere) 70 30 40 (57.14%)
(42.85%)
Carboplatin 70 30 40 (57.14%)
(42.85%)

Among the 390 breast cancer survivors who received chemotherapy and experienced falls, the
risk varied between White and Black or African American patients. White breast cancer survivors had
a fall risk of 10.0% (N =180), while Black or African American survivors had a higher fall risk of 14.7%
(N = 210). The odds ratio (OR) for experiencing a fall-related injury was 0.65, indicating that White
breast cancer survivors were 35% less likely to experience falls compared to their Black or African
American counterparts. This difference in fall risk was statistically significant, with a p-value of
0.000056 (p < 0.001), suggesting a meaningful disparity between the two racial groups (Figure .1).
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Figure 1. Falls risk among breast cancer survivors who received chemotherapy.
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The risk of fall-related injuries among breast cancer survivors varied by chemotherapy type and
race. For Doxorubicin, the risk of falls was 10.4% for White patients and 11.8% for Black patients. The
odds ratio for this difference was 0.86 (p = 0.681), indicating no statistically significant difference in
fall risk between the two groups for this treatment. Similarly, for Paclitaxel (Taxol), the risk of falls
was 11.7% for White patients and 14.7% for Black patients, with an odds ratio of 0.77 (p = 0.236), also
showing no significant difference.

In contrast, the risk of falls was significantly different for other chemotherapy types. For
Cyclophosphamide, the risk was 8.9% for White patients and 13.9% for Black patients, with an odds
ratio of 0.61 (p = 0.032). This suggests that White patients had a lower risk of falls when compared to
Black patients, and this difference was statistically significant. Docetaxel (Taxotere) showed a similar
pattern, with a fall risk of 8.8% for White patients and 16.9% for Black patients. The odds ratio was
0.48 (p = 0.004), indicating a significantly lower risk for White patients. Lastly, for Carboplatin, the
fall risk was 10.4% for White patients and 16.9% for Black patients, with an odds ratio of 0.57 (p =
0.038), again pointing to a significant difference.

Table 5. Risk of Fall-Related Injuries by Race and Chemotherapy Type.

Chemotherapy Race N % (Risk) | Odds Ratio | 95% p-value
(OR) Confidence
Interval (CI)

Overall Risk White 180 10.0% Reference - -
Black or | 210 14.7% 0.65 (0.52 - 0.80) 0.000056
African
American

Doxorubicin White 30 10.4% Reference - -
Black or | 30 11.8% 0.86 (0.50 - 1.47) 0.681
African
American

Paclitaxel (Taxol) White 50 11.7% Reference - -
Black or | 50 14.7% 0.77 (0.51-1.17) 0.236
African
American

Cyclophosphamide | White 40 8.9% Reference - -
Black or | 50 13.9% 0.61 (0.39 - 0.95) 0.032
African
American

Docetaxel White 30 8.8% Reference - -

(Taxotere) Black or | 40 16.9% 0.48 (0.29 - 0.79) 0.004
African
American

Carboplatin White 30 10.4% Reference - -
Black or | 40 16.9% 0.57 (0.34 - 0.95) 0.038
African
American

Discussion

This study investigates the risk of fall-related injuries among breast cancer survivors undergoing
chemotherapy, with a particular emphasis on racial disparities between Black and White patients.
Utilizing a retrospective cohort of 11,400 female breast cancer survivors (Stage 1-3), aged 18 and older,
treated between January 1, 2019, and December 31, 2023, the study evaluates the fall risks associated
with chemotherapy agents like Doxorubicin, Cyclophosphamide, Paclitaxel, Docetaxel, and
Carboplatin.
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Our study found that Black breast cancer survivors are disproportionately affected by falls,
particularly when treated with Cyclophosphamide, Docetaxel, and Carboplatin. This aligns with
prior research indicating that chemotherapy-induced peripheral neuropathy (CIPN) is a significant
risk factor for falls, especially among patients undergoing aggressive chemotherapy regimens(20).
Black patients receiving these chemotherapy agents were found to be at a significantly higher risk of
falls compared to their White counterparts, indicating a critical disparity in treatment outcomes. This
disparity may stem from various factors, including differences in drug metabolism, healthcare access,
and availability of supportive care(21,22). In particular, Cyclophosphamide, one of the more
affordable chemotherapy drugs(23), was associated with the highest fall risk among Black patients,
in our study. This raises concerns about the influence of socioeconomic factors on treatment decisions,
where less costly but potentially riskier drugs are more frequently prescribed to minority
populations.

The financial burden of chemotherapy, particularly with drugs like Cyclophosphamide,
Paclitaxel, Docetaxel, and Carboplatin, significantly influences treatment decisions and outcomes for
breast cancer survivors(24). These drugs vary in cost, with Docetaxel and Carboplatin being more
expensive than Cyclophosphamide(25). However, cost plays a crucial role in physicians’ prescribing
patterns, especially when treating patients from underinsured or uninsured backgrounds(26).
Cyclophosphamide, though less expensive(27), is often prescribed to Black breast cancer survivors,
who are disproportionately affected by financial toxicity due to inadequate health insurance
coverage(28). Moreover, limited insurance coverage can delay access to high-quality supportive care,
exacerbating these side effects and increasing the likelihood of poor outcomes. The higher costs of
Docetaxel and Carboplatin, coupled with limited insurance, make them less accessible to minority
populations, even though these drugs could offer more favorable side effect profiles. These findings
underscore the critical role that healthcare policies and insurance play in shaping equitable access to
cancer treatment. Addressing these disparities requires policies that ensure all patients, regardless of
financial status or race, have access to comprehensive care and the full range of chemotherapy
options.

Strengths

The study boasts several strengths that enhance the robustness and relevance of its findings.
First, the large sample size of 11,400 breast cancer survivors allows for sufficient statistical power to
detect meaningful differences across chemotherapy regimens and racial subgroups. This extensive
dataset ensures that the results are more generalizable and reflective of broader patterns in real-world
clinical settings. Additionally, the use of standardized ICD-10 codes for identifying both breast cancer
diagnoses and fall-related injuries improves the accuracy and consistency of the data, minimizing
potential errors in diagnosis classification and treatment outcomes. The study’s focus on multiple
chemotherapy agents, including Doxorubicin, Cyclophosphamide, Paclitaxel, Docetaxel, and
Carboplatin, offers a comprehensive evaluation of fall risks across different treatment modalities,
providing valuable insights into drug-specific side effects that could inform future clinical guidelines.
Moreover, the inclusion of racial disparities as a key component of the analysis is a significant
strength, as it highlights critical healthcare inequities that affect treatment outcomes for
underrepresented populations, particularly Black breast cancer survivors.

Limitations

As a retrospective cohort study, the analysis is reliant on previously collected data, which may
be subject to inaccuracies or incomplete entries in electronic health records (EHRs). While the TriNetX
platform provides a powerful tool for analyzing large datasets, the inability to conduct follow-up
assessments limits the ability to validate certain outcomes, such as the accuracy of fall-related injury
reports or the precise timing of chemotherapy administration. Additionally, the study’s reliance on
de-identified data restricts the potential for in-depth patient-level analysis, preventing a more
personalized understanding of the factors contributing to the observed disparities. The study’s
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setting within a single health system may also limit the generalizability of the findings, as healthcare
access, treatment practices, and socioeconomic factors can vary widely across different regions.

Conclusions

The findings reveal that Black breast cancer survivors face a disproportionately higher risk of
fall-related injuries compared to their White counterparts, particularly when undergoing specific
chemotherapy regimens. This disparity underscores concerns regarding healthcare access, treatment
quality, and the differing physiological responses to chemotherapy between racial groups.
Addressing these inequities requires a focused effort to ensure that all breast cancer survivors,
regardless of race, receive equitable care, supportive treatment, and comprehensive follow-up to
mitigate adverse effects such as falls. These insights point to the need for more inclusive healthcare
policies that address both racial and socioeconomic barriers to effective cancer care.
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