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Abstract

Background: Risk assessment for breast cancer-related lymphedema has emphasized upper-
limb symptoms and treatment-related risk factors. This article examined breast cancer-related
lymphedema after surgery, overall and in association with broader demographic and clinical
features.

Methods: The Carolina Breast Cancer Study Phase 3 followed participants for breast cancer-
related lymphedema from baseline (on average 5 months after breast cancer diagnosis) to 7 years
post-diagnosis. Among 2645 participants, 552 self-reported lymphedema cases were identified.
Time-to-lymphedema curves and inverse probability weighted conditional Cox proportional
hazards model were used to evaluate whether demographics and clinical features were associated
with breast cancer-related lymphedema.

Results: Point prevalence of breast cancer-related lymphedema was 6.8% at baseline, and 19.9%
and 23.8% at two- and seven-years post diagnosis, respectively. Most cases had lymphedema in
the arm (88-93%), while 14-27% presented in the trunk and/or breast. Beginning approximately
10 months post diagnosis, younger Black women had the highest risk of breast cancer-related
lymphedema and older non-Black women had the lowest risk. Positive lymph node status, larger
tumor size (>5 cm), and estrogen receptor-negative breast cancer, as well as established risk
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factors such as higher body mass index, removal of more than 5 lymph nodes, mastectomy,
chemotherapy, and radiation therapy, were significantly associated with increased hazard (1.5 to
3.5-fold) of lymphedema.

Conclusions: Findings highlight that hazard of breast cancer-related lymphedema differs by
demographic characteristics and clinical features. These factors could be used to identify those at
greatest need of lymphedema prevention and early intervention.

Lay summary:

In this study, we aimed to investigate breast cancer-related lymphedema (BCRL) burden, and
found that risk of BCRL differs by race, age, and other characteristics.

Precis for use in the Table of Contents:

We used a population-based racially diverse cohort of women with breast cancer to assess burden
of lymphedema as well as related demographic and clinical features. Our findings could be used to
identify those at greatest need of lymphedema prevention and early intervention after breast cancer
diagnosis.

Keywords
longitudinal study; breast cancer-related lymphedema; demographics; clinical correlates; USA

BACKGROUND

Approximately 1 in 5 women treated for breast cancer (BC) are affected by breast cancer-
related lymphedema (BCRL),12 a distressing side-effect distinguished by interstitial protein-
rich fluid accumulation and/or regional swelling.3# Associated physical impairments,
particularly of the upper-limb, are common and include reduction in range of motion,
weakness, and paresthesia.> BCRL is also associated with depression and anxiety, difficulty
in social, domestic, vocational, and sexual domains,8 and financial and time burdens.”
Improved understanding of disease burden and risk factors for BCRL would aid in
prevention, early detection, and management.

Increased risk of BCRL has consistently been observed among women who have more
extensive lymph node dissection and chest wall surgery as treatment for breast cancer,

as well as women who are overweight or obese.8 Historically, radiation therapy, but not
chemotherapy, has been associated with increased risk,? but more recent research suggests
that adjuvant chemotherapy may also be associated with increased risk.2 Furthermore, lower
levels of physical activity and a higher number of metastatic lymph nodes have been
identified as risk factors.2 However, a paucity of studies have evaluated risk factors for
BCRL in diverse cohorts. In the limited number of studies evaluating racial differences in
BCRL risk,19-13 one study reported no association between race [Black versus non-Black
(including Hispanic white and non-Hispanic white) and BCRL risk after multivariable
adjustment.19 In contrast, Kwan and colleagues found that African American women

bore two-fold BCRL risk as high compared with white women; however, the percentage
of African American women included within the sample was relatively small (n=210;
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7%).11 Incidence of BCRL by age is also underexplored and inconclusive,1# despite
reasonable mechanisms for age-related differences.®1 Larger, longitudinal studies are
needed to advance understanding of prevalence and factors associated with BCRL in diverse
populations.

The third phase of the Carolina Breast Cancer Study (CBCS3) is a population-based racially
diverse cohort study of women that oversampled Black and younger women diagnosed with
BC in North Carolina between 2008 and 2013. Participants were followed prospectively for
BCRL diagnosis and other disease characteristics from 5 months (defined as baseline in this
study) to 7 years following BC diagnosis. Using data from CBCS, we estimated prevalence
of BCRL according to self-reported diagnosis of BCRL, by body location, according to type
of diagnosis provider, and with respect to acute versus chronic symptoms. Because CBCS3
is designed to study younger and Black women, we assessed stratum-specific association
with BCRL for race and age.

Study Population

The CBCS3 is a prospective, population-based cohort study of women with invasive BC
based in 44 counties in eastern and central North Carolina.1® This study was initiated to
evaluate patterns of survivorship following diagnosis.1” Eligible participants were female,
English-speaking, newly diagnosed with invasive BC, and aged 20 to 74 years. Younger
(<50 years in age) and Black women with BC were oversampled to each represent
approximately 50% of the study population.1® Through rapid case ascertainment, a total of
2998 incident, invasive, pathologically confirmed BC cases were identified from the North
Carolina Central Cancer Registry between May 1, 2008 and October 21, 2013 and recruited
within two months of diagnosis.1”~19 This study was conducted following informed consent
by all participants, under a protocol approved by the University of North Carolina School

of Medicine Institutional Review Board. In this study, we interpret race as a social construct
under a cells-to-society framework where molecular, tissue, individual, community-level,
and structural factors act simultaneously to potentially alter lymphedema risk.2°

Study participants were interviewed in-person by trained nurses about demographics,
lifestyle factors, and diagnosis of BCRL within 9 months (range 2-9, median 5 months)

of BC diagnosis.® Of additional note, the surgery initiation occurred on average at 1.7
months post diagnosis in our study population, prior to baseline survey. At the initial
interview, participants consented for researchers to extract their medical records by chart
review to collect information on baseline comorbidities, BC treatment and type of surgery.21
Women also completed two follow-up surveys at approximately 2 years (range 20-36,
median 25 months) and 7 years (range 60-110, median 84 months) post BC diagnosis.
Tumor characteristics (e.g., stage, grade) were ascertained from pathology reports.22

The current analysis excluded CBCS3 participants who did not have their first course
surgery within 18 months of BC diagnosis (n=58). Additional exclusions included women
who already had self-reported lymphedema before BC surgery (n=113), women who were
diagnosed with stage 1V BC (n=63) due to different treatment strategies compared with
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women diagnosed with stage I-111 BC,23 and women who had unknown date of BCRL
diagnosis (n=119). After applying the study criteria, the final study population consisted
of 2645 participants, with a weighted mean age of 55.9 years at diagnosis; 47.5% of the
participants were Black women.

Outcome Ascertainment

Covariates

BCRL diagnosis was obtained by self-report. Among 2645 eligible women, 552 BCRL
cases were identified over the 7-year follow-up period. The CBCS3 questionnaire included
questions addressing a wide range of health outcomes. Participants were asked to self-report
current or prior diagnosis of BCRL since their BC diagnosis, BCRL location [i.e., left/

right arm, trunk, or breast, and dominant hand (left, right, or both)], time of diagnosis

(in month/year), health professional who provided the diagnosis (i.e., medical doctor,

nurse, physical therapist, other), and were asked to characterize episodic nature of BCRL
(i.e., single, recurrent, or persistent). Because participants were asked to choose between
“single”, “recurrent”, or “persistent”, we believe that some participants may have used these
categories as indicators of severity rather than episodicity. To be maximally conservative, we
included any report of BCRL as cases.

Time to BCRL was calculated in months from BC diagnosis to subsequent self-reported
BCRL diagnosis. Diagnosis was provided as month/year, and therefore date was assigned

as day 15 to calculate months between BC and BCRL diagnosis. For participants with
incomplete time (n=8; missing month or year) of BCRL diagnosis, dates of their 2-year
survey completion were used. For participants reporting different diagnosis dates across
surveys (n=445), the date reported on the earliest complete follow-up questionnaire was
selected. The average difference between most extreme dates reported by a given participant
was 4.7 months. Additionally, multiple reports of diagnosis time were not interpreted as
recurrence of BCRL, as BCRL is widely considered as a chronic condition.24

BCRL prevalence is thought to be a reasonable estimate of incidence as the proportion of
women with BCRL before BC surgery has been reported to be very low (as low as 0%).2°
Previous research has used incidence and prevalence interchangeably.? In this specific study,
women were asked to report whether they had been diagnosed with lymphedema since BC
diagnosis. For precision of language, we used prevalence to represent the disease burden of
BCRL; however results were compared against previous “incidence” studies.

Covariates were identified based on a priori knowledge, associations in this particular

study, and directed acyclic graphs (DAGS). Information collected at baseline included
demographics (i.e., age at diagnosis, self-identified race) and physical characteristics [i.e.,
body mass index (BMI)]. Clinical features including baseline hypertension and diabetes, BC
surgery type, number of lymph nodes removed, receipt of adjuvant therapy (chemotherapy
and/or radiotherapy) were extracted from medical records. Pathology reports provided
information on tumor characteristics such as tumor size, lymph node status, histologic
grade, and estrogen-receptor (ER) status. Treatment on dominant side was defined using
information from BC treatment and dominant hand of participants.
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Statistical Analysis

Point prevalence (n, percent) of ever having BCRL since BC diagnosis was calculated at
three time points, corresponding to responses from each of the three surveys. Participants
were excluded for surveys to which they did not respond. Prevalence percentages were also
calculated for location, types of diagnosis provider, and episodic nature.

Crude time-to-BCRL curves were estimated as a measure of the general burden of BCRL
by age and race, and were used to calculate crude 5-year risk of BCRL for each potential
or established risk factor. Inverse probability of exposure weighting was used to adjust

for covariates in time-to-BCRL analyses. Inverse probability weighting (IPW) accounts for
baseline characteristics similar to adjusted Cox models, but does not assume hazards to be
proportional across strata.28 To assign weights to estimate the association of each factor
with BCRL hazard, we used logistic regression to calculate the probability of belonging to
each group (e.g., hypertension versus no hypertension) accounting for other characteristics.
These probabilities were used to calculate stabilized inverse probability of exposure weights.
Standardized hazard ratios (HR) and 95% confidence intervals (95% CI) were calculated
using inverse probability weighted Cox proportional hazards models. Specifically, weights
were obtained separately for each variable.

Models for stratum-specific associations with age at diagnosis and race were not adjusted
for other factors. Models for baseline comorbidities (i.e., hypertension, diabetes), tumor
characteristics (i.e., tumor size, lymph node status, histologic grade, and ER status), and
treatment on dominant side were adjusted for age and race. Models for established risk
factors of BCRL [i.e., surgery type, number of lymph nodes removed (>5 versus <5,

cutoff determined based on a previous study of optimal number for a sentinel lymph

node dissection),2’ receipt of chemotherapy, receipt of radiotherapy]? were adjusted for
demographic characteristics (i.e., age and race) and tumor characteristics. The proportional
hazards assumption for each Cox model was assessed using log-log plots of time-to-BCRL
and by Wald test of interaction term between lymphedema occurrence time and covariates
of interest. For several covariates (e.g., age, tumor size, ER status), the log-log curves

for different groups crossed at approximately 6.7 months, and the interaction terms with
lymphedema occurrence time had p-values < 0.05, which indicated that the proportional
hazards assumption was violated and suggested that factors associated with early BCRL
after diagnosis may differ from those associated with later BCRL. Therefore, analyses
were conducted conditional on follow-up length: data were truncated at 6.7 months and
then hazard was assessed conditional upon free from lymphedema the first 6.7 months.

As 6.7 months was a data-driven cut-off point, we interpreted the results nominally and
separately for early BCRL occurring within first 7 months and later BCRL occurring after 7
months. We conducted a sensitivity analysis using weighted Cox proportional hazards model
accounting for competing risk from death. Competing risk models assigned outcome status
to deceased participants according to their last reported BCRL status, and these participants
were censored at death. Additionally, to evaluate potential misclassification of BCRL, we
also performed a sensitivity analysis restricting our analytic sample to doctor-diagnosed
BCRL.
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All statistical tests were two-sided and considered statistically significant at £<0.05;

statistical analyses were performed using SAS software (version 9.4; SAS Institute, Inc,
Cary, NC).

Prevalence of Breast Cancer-related Lymphedema

Association

The point prevalence of BCRL increased monotonically from 6.8% (n=180) at baseline to
19.9% (n=452) at 2 years and 23.8% (n=393) at 7 years (Table 1). The number of cumulative
BCRL cases was 180, 477, 552 at baseline, 2 years, and 7 years, respectively. The majority
of cases had BCRL in the arm (88-93%), while 14-27% presented in the trunk and/or breast.
There was a suggestion that trunk BCRL decreased in prevalence over time (24% at baseline
and 14% at 2-year and 7-year follow-up). Less than 10% of cases reported BCRL in three
body parts simultaneously (breast, arm, and trunk). BCRL presented on the dominant side
and non-dominant side in similar proportions. Over 80% of cases reported having chronic
BCRL, including 50% persistent and 40% recurrent. The vast majority (>70%) of women
reported receiving their BCRL diagnosis from medical doctors, with physical therapist being
the second most reported diagnostic method.

of Race and Age with Breast Cancer-related Lymphedema

26% (n=322) of Black women and 17% (n=230) of non-Black (including white, American
Indian, Asian, and other races) women reported BCRL following breast cancer. Younger
patients also had a higher burden of BCRL compared to older patients (23% versus 18%).
We compared BCRL risk by race and age, and observed differences between Black versus
non-Black BCRL curves as early as 5 months post BC diagnosis (Figure 1a). Given our
emphasis on burden of BCRL, models for age and race were not adjusted for other factors.
Similarly, BCRL curves for older versus younger women diverged, this time at roughly 10
months post BC diagnosis (Figure 1b). We also observed that after approximately 10 months
post BC diagnosis, younger Black women were at the highest risk of BCRL and older
non-Black women had lowest risk (Figure 1c). For early BCRL, the hazard ratios for Black
versus non-Black women were 1.42 (95% Cl=1.09 — 1.83) overall, 1.21 (95% CI=0.85 -
1.74) among women aged 50 years or older, and 1.68 (95% Cl= 1.15 — 2.44) among women
younger than 50 years of age (Table 2a). The Black versus non-Black hazard ratios were
greater for later BCRL, particularly among older women (HR=1.86; 95% CI=1.29 — 2.66).
Age was not significantly associated with early BCRL; however for later BCRL, younger
age was significantly associated with increased hazard of BCRL with hazard ratios of 1.80
(95% Cl=1.43 — 2.25) overall, 1.69 (95% Cl= 1.19 — 2.42) among non-Black women,

and 1.94 (95% ClI= 1.45 — 2.59) among Black women. The HRs from the competing risk
models were slightly attenuated but significance remained the same (Supplementary Table
1). Additionally, the HRs did not differ substantially in sensitivity analyses restricting to
women with doctor-diagnosed BCRL only (Supplementary Table 2).

Tumor Characteristics and Established Risk Factors

Positive lymph node status, higher BMI, removal of more than 5 lymph nodes, and
chemotherapy were significantly associated with both increased hazard of early- and later-
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onset BCRL (Table 2b). BMI and number of lymph nodes removed had greater hazard
ratios in association with early BCRL (1.7- to 2.7-fold versus 1.2- to 1.9-fold in association
with later BCRL); whereas lymph node status and chemotherapy had greater hazard ratios
in association with later BCRL (2.2- to 3.5-fold versus 1.8- to 2.2-fold in association

with early BCRL). Larger tumor size (> 5 cm), ER- subtype, and radiation therapy were
only significantly associated with increased hazard of later-onset BCRL (1.5- to 2.3-fold).
More extensive surgery (i.e., mastectomy) was only significantly associated with increased
hazard of early-onset BCRL (HR=1.46; 95% Cl= 1.20 — 1.91). Additionally, histologic
grade, side of treatment (dominant versus non-dominant), and baseline comorbidities such
as hypertension and diabetes, were not significantly associated with BCRL hazard in either
period. Specifically for hypertension and diabetes, we did not observe different BCRL
hazards across race groups. Sensitivity analysis adjusting for death as a competing event
did not impact significant associations, except for association with histologic grade, which
was of similar magnitude but became significant for later-onset BCRL (Supplementary
Table 1). Results from the sensitivity analysis restricting to women with doctor-diagnosis
only were also similar to those from the primary analysis, with similar magnitude and
significance (Supplementary Table 2). We also performed a sensitivity analysis wherein we
excluded single episodes of lymphedema, and the results are shown in Supplementary Table
3. Briefly, hazard ratios for demographic and clinical factors were even more pronounced
among those with chronic BCRL.

DISCUSSION

The current study found that the prevalence of BCRL increased over 7 years of follow-up
to include at least 20% of BC survivors. Arm was by far the most common site, and most
(>80%) were chronic cases. Aggressive tumor features, aggressive clinical treatment, and
obesity or overweight status, were associated with increased BCRL hazard in our study.
Few prior studies have specifically evaluated the burden of BCRL by race, and in this study
we found that younger Black participants had substantially higher 5-year risk of BCRL.
Additionally, compared to non-Black women, a larger proportion of Black women reported
BCRL following breast cancer surgery, underscoring the high burden of BCRL experienced
by these patients. Lastly, younger patients also had a higher burden of BCRL compared to
older patients. We also considered BCRL during two windows: early onset (i.e., occurring
within 7 months post BC diagnosis) and later onset (i.e., occurring >7 months post BC
diagnosis), and found that risk factors differed slightly between these windows, with surgery
type associated with only early-onset BCRL; tumor size, ER status, and radiation therapy
associated with only later onset; and lymph node status, BMI, number of lymph nodes
removed, and chemotherapy associated with both early and later onset.

Prevalence of BCRL in our study are similar to previous studies.228 Our study reported
slightly higher BCRL prevalence at the 7-year follow-up compared to the pooled estimate
(21.0%; 95% Cl=15.1 — 28.5%) in North America from a meta-analysis by DiSipio et al.?
That study also included a study of long-term (up to 20 years) BCRL, but only focused
on unilateral arm BCRL and no other sites (i.e., breast, trunk).228 Qur result is consistent
with the pooled estimate for prospective cohort studies (21.4%; 95% Cl=14.9 — 29.8%)
from that same meta-analysis, and it is higher than the estimate for randomized clinical
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trials (10.4%) and retrospective studies (8.4%), of which more than 80% used objective
measurements such as arm circumferences to define BCRL.2 Different methods of outcome
classification for BCRL (e.g., physical measurement, medical record abstraction, self-report)
have different levels of sensitivity and specificity.2? In our study, we used self-reported
questionnaires asking participants to report their BCRL diagnosis by health care providers
(not to report BCRL-related symptoms such as arm swelling), including medical doctor,
nurse, and physical therapist. Clinical practice suggests that any postoperative swelling
could be considered as BCRL by untrained eyes, and even by some less experienced
therapists.30:31 Therefore, the prevalence of BCRL from our study is likely more sensitive,
but also potentially less specific. While self-report is over sensitive, physical measurement
and medical record extraction tend to under-report BCRL presentation.32

Mitigating some concern about outcome classification, we did find associations with risk
factors that were consistent with previous estimates from both cohort studies and medically-
validated clinical trials.2 We note that in our study, we emphasized burden, unadjusted

for all possible clinical variables for each risk factor. While it is well-known that cancer
aggressiveness varies by demographic factors,’ the attendant complications of aggressive
tumors (in this case BCRL) are not well documented. Therefore, we presented burden

of BCRL by demographics without adjusting for clinical factors. Previous literature? has
identified the influence of clinical factors on BCRL and we have also included these
associations in our work. For example, both our study and previous literature? offered
accumulating evidence that more extensive treatment (in particular mastectomy and axillary
lymph node dissection), as well as adjuvant therapy such as chemotherapy and radiation
therapy, increase the risk of BCRL, although mastectomy only influenced the hazard of
early BCRL and radiation therapy only influenced the hazard of later BCRL. Our study also
demonstrates that being overweight or obese was associated with increased hazard of BCRL
(1.2- to 2.2-fold), consistent with the estimate from previous literature.?

It is concerning that some demographic groups experience higher burden of BCRL.
Consistent with Kwan et al.,}1 we observed higher hazard in Black patients compared to
non-Black patients. In our analysis, we interpret race as a social construct, and we note that
many factors including tumor subtype and access to care differ by race in the CBCS cohort,
which could further affect women’s risk of BCRL.1” Two previous studies did not find
racial differences in BCRL risk after multivariable adjustment.1912 However, it is difficult
to compare our results to those studies because they sought to estimate effect of race after
clinical factor adjustment, while we sought to estimate burden, and therefore did not adjust
for clinical risk factors. One previous study has looked at race as a modifier of BCRL risk.
Namely, the Togawa study reported that hypertension was a BCRL risk factor only for Black
women.10 In the larger CBCS population, we found that hypertension did not significantly
increase BCRL hazard either overall or within race groups.

A principal strength of this study is a diverse population based on a large population-based
prospective cohort composed of nearly 50% Black women and 50% younger women. This
yielded novel insights. For example, most previous studies did not identify age as a risk
factor, and had few younger patients.14 Additionally, more than 50% of the evidence
contributing to BCRL clinical associations is drawn from cross-sectional or retrospective
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cohort studies, predominantly among white and older women.2:11.14.33-39 Of the prospective
cohort studies, 90% involve samples sizes <1000, limiting statistical power.2:10.11.40-47 Qyr
cohort also has a long-term follow-up (i.e., up to 7 years post BC diagnosis), with detailed
questionnaires and medical record abstraction. While duration of follow-up has varied (6
months to 20 years post BC diagnosis) for previous research,? the largest study (n>5000)
had short follow-up (6 months post diagnosis).*® BCRL incidence tends to peak between
12-18 months post-diagnosis,?23 but our data showed that some cases do continue to accrue
in the two- to seven-year interval.

There were also some limitations for our study, including self-reported outcome assessment.
We note that episodic nature (classification as single, recurrent, and persistent) in our study
is not typically how BCRL is described. BCRL usually progresses through a series of
stages from 0 to 3, which represent symptom severity and could impact normal functioning.
However, conventional staging is not available for our study. Future studies should continue
to examine how BCRL stage affects quality of life. On the other hand, by looking at
self-reported data, our study revealed that nearly 20% of the cases reported their BCRL

as a single episode rather than a chronic condition. This conflicts with the notion that
presence of BCRL at any point in time reflects a compromised lymphatic system, and

that even if swelling reduces, it continues to be a “poor” performing system which could

be overloaded easily.2* Resolution of self-reported BCRL suggests that either some single
episodes reflect normal post-surgical or post-radiation swelling and move rapidly into a
subclinical or remission-like state, or some people experience less bothersome symptoms
over time, because the number of single episodes has been accumulating during the
follow-up even after the maximum time (i.e., 14 months post BC diagnosis) of first course
surgery completion. Patients treated with taxane-based chemotherapy may also experience
mild swelling (23%) that could be misinterpreted as lymphedema in self-reported data.*2
However, although some patients may experience a single BCRL episode, it does not
preclude future onset and they remain even at enhanced risk due to the compromised
lymphatic system. Additionally, we did not assess whether lymphedema presenting in
different sites (i.e., breast, trunk, or arm) might have disparate risk factors. As local

excision as BC treatment and breast radiation can cause puffiness in the breast, which
typically resolves over time,*? whereas lymphedema of the arm is more likely to become a
chronic problem,23 factors associated with trunk/breast lymphedema might differ from those
associated with arm lymphedema. Therefore, a future study is needed to take lymphedema
sites into account. Nonetheless, by exploring risk factors by timing of presentation identified
a more comprehensive list of risk factors that may have otherwise not been identified.
Understanding risk factors provides the necessary platform for identifying who may benefit
most from risk reduction strategies.

In summary, our study presents prevalence and cumulative burden of BCRL among BC
survivors after surgery. The results highlight that groups who already suffer BC disparities
(i.e. younger Black women, and women with more aggressive cancer and more extensive
treatment) are at increased hazard of developing BCRL. BCRL can reduce quality of life and
inhibit ability to return to work, a feedback loop that has multiple consequences. Continued
research on pathways of age and race to BCRL is critical for developing preventive
strategies for women after BC surgery.
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Figure la.
Plot shows crude risk of breast cancer-related lymphedema following surgery among women

with breast cancer (stage I-111) stratified by race - Carolina Breast Cancer Study (Phase 3,
diagnosis years 2008-2013). Dashed line represents risk over time for Black participants,
and solid line represents risk over time of Non-Black participants.
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Plot shows crude risk of breast cancer-related lymphedema following surgery among women
with breast cancer (stage I-111) stratified by age - Carolina Breast Cancer Study (Phase

3, diagnosis years 2008-2013). Red line represents risk over time for younger (<50 years

in age) participants, and green line represents risk over time of older (=50 years in age)

participants.
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20 40 60 80 100
Months since Breast Cancer Diagnosis

Plot shows crude risk of breast cancer-related lymphedema following surgery among women
with breast cancer (stage I-111) stratified by race and age - Carolina Breast Cancer Study
(Phase 3, diagnosis years 2008-2013). Red dashed line represents risk over time for younger
(<50 years in age) Black participants, green dashed line represents risk over time of

older (=50 years in age) Black participants, red solid line represents risk over time for
younger non-Black participants, green solid line represents risk over time of older non-Black

participants.
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