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Abstract
Purpose To examine trends in the surgical treatment of breast cancer by age, rurality, and among Black women in a populous, 
racially diverse, state in the Southeastern United States of America.
Methods We identified women diagnosed with localized or regional breast cancer between 2003 and 2016 in the North 
Carolina Central Cancer Registry (n = 86,776). Using Joinpoint regression we evaluated the average annual percentage 
change in proportion of women treated with mastectomy versus breast-conserving surgery overall, by age group, among 
Black women, and for women residing in rural areas.
Results Overall, the rate of mastectomy usage in the population declined 2.5% per year between 2003 and 2016 (95% CI 
− 3.2, − 1.7). Over this same time interval, breast-conserving surgery increased by 1.6% per year (95% CI 0.9, 2.2). These
temporal trends in surgery were also observed among Black women and rural residing women. Trends in surgery type varied
by age group: mastectomy declined over time among women > 50 years, but not among women aged 18–49 at diagnosis.
Discussion In contrast to national studies that reported increasing use of mastectomy, we found declining mastectomy rates
in the early 2000s in a Southern US state with a racially and geographically diverse population. These decreasing trends were
consistent among key subgroups affected by cancer inequities, including Black and White rural women.
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Introduction

Surgical treatment is an integral part of care for early-stage 
breast cancer with more than 90% of patients undergoing 
some form of surgical resection of their cancer [1]. Since 
1991, in the USA, the National Institutes of Health consen-
sus guidelines for women with early-stage breast cancer have 
described an equivalence in long-term outcomes between 
mastectomy and breast-conserving surgery (BCS) with adju-
vant radiation therapy [2]. The existence of multiple pos-
sible surgical treatment options for breast cancer denotes 
preference-sensitive care where decisions are likely to be 
made in a shared decision-making framework between the 
patient and care team [3]. Specifically, the decision to opt 
for mastectomy over BCS involves clinical, cost, or quality 
of life tradeoffs for patients [4–6]. Rate of breast-conserving 
surgery among eligible patients is a Commission on Cancer 
(CoC) quality measure among accredited facilities [7]. Given 
documented barriers to high-quality care for Black women 
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and White rural women in the United States of America, 
particularly within Southeastern states, monitoring trends 
in surgical type is a critical step for evaluating racial and 
geographic equity in delivering optimal cancer care [8–10].

Evidence is mixed regarding BCS and mastectomy trends 
in the past 30 years in the USA. Since the early 2000s some 
studies have described an increase in the use of mastectomy, 
while others described an initial decrease followed by an 
increase and still others described no change in mastectomy 
rates [11–17]. For example, studies conducted in Kentucky, 
Florida, and using US national Surveillance Epidemiology 
and End Results data have separately described a decrease 
in rate of mastectomy among women with early-stage breast 
cancer from 2000 to 2004 and then a change in trend indicat-
ing an increase in mastectomy rate from 2005 to 2008 when 
follow-up ended for these studies [18–20].

Of these studies, several noted temporal increases in con-
tralateral prophylactic mastectomies over time. Data from 
the Agency for Healthcare Research and Quality suggest that 
the US national uptick in overall mastectomy rates between 
2003 and 2013 has been driven by an increase in contralat-
eral mastectomy [21]. Consistent across these studies is the 
under-representation of patients of color with breast can-
cer, patients residing in rural areas, and specifically patients 
of color living in rural areas who are at increased risk for 
experiencing inequities in care delivery [22]. This is conse-
quential, as rural cancer patients and specifically Black rural 
cancer patients in the USA experience profound inequities 
in cancer treatment and outcomes [23].

Large population-based studies of cancer care delivery 
often undersample Black patients and those that do have a 
sizeable Black population have additional population restric-
tions. For instance, some studies that included a large sample 
of Black breast cancer patients have primarily focused on 
women who had inpatient rather than outpatient surgeries 
[24, 25]. This restriction to inpatient procedures is particu-
larly limiting, given that many BCS procedures happen in 
the outpatient setting, and the number of outpatient mastec-
tomies has nearly doubled from 2003 to 2013 [21].

Other large studies have been restricted to a certain age 
range or insurance payers dominated by certain age groups, 
such as Medicare beneficiaries. These studies of selected 
populations may yield incomplete insights about the overall 
breast cancer patient population [15]. For example, restric-
tion to Medicare populations provides an incomplete pic-
ture, as patterns in surgical care differ for older patients 
with recent movement toward the de-escalation of care 
among the oldest patients [26]. Additionally, restriction 
to Medicare-insured populations leaves an important gap 
for understanding surgical trends in women younger than 
65. On the other hand, large database studies of surgical 
trends commonly underrepresent rural patients due to higher 
rates of non-insurance and being less likely to be treated at

a CoC-accredited facility [27]. No prior study has explic-
itly addressed how surgical treatment differs among Black 
women by their age group and the rurality of where they 
live.

The main objective of this study is to examine tempo-
ral trends from 2003 to 2016 in the prevalence and type of 
surgical treatment of breast cancer for over 80,0000 adult 
women living in North Carolina. North Carolina is in the 
Southeastern United States with substantial Black rural pop-
ulations; in fact 23% of the Black population resides in a 
rural county [28]. In this investigation, using the total North 
Carolina breast cancer population as a referent, we evaluate 
the within-group treatment variation for Black women by 
age and rurality.

Methods

Data and study sample

This study used a retrospective cohort design of all first pri-
mary, unilateral cases of loco-regional breast cancer diag-
nosed in North Carolina between 2003 and 2016. The pri-
mary source of data was the North Carolina Central Cancer 
Registry, a statewide population-based registry accredited by 
the North American Association of Central Cancer Regis-
tries [29]. We identified all records for women over the age 
of 18 diagnosed with the Surveillance, Epidemiology, and 
End Results (SEER) cancer registry defined Summary Stage 
localized or regional breast cancer [30]. Unlike other staging 
criteria, the SEER program criteria were a required data ele-
ment across the entire time period, enabling us to maximize 
inclusion in the cohort. Women were excluded if they were 
missing SEER Summary stage at diagnosis (n = 3140), diag-
nosed with in situ cancer (n = 20,368), or diagnosed with 
distant cancer (n = 5624). Patients were also excluded if they 
had unknown surgery status (n = 74), Fig. 1.

Definition of study variables

The primary outcome of interest was the type of first 
course of surgical treatment a patient received as recorded 
in the North Carolina Central Cancer Registry. Prior 
research using these registry data has demonstrated high 
agreement for the surgical treatment information con-
tained in the North Carolina Central Cancer Registry when 
compared to insurance claims [31]. Surgery types were 
determined by the North American Association of Central 
Cancer Registry cancer-specific treatment codes contained 
in the cancer registry (Item #670). Type of surgery was 
categorized as follows: breast-conserving surgery (partial 
mastectomy or lumpectomy, codes 20–24) and mastectomy 
(modified radical mastectomy, total mastectomy, or simple 



mastectomy, codes 30–80). This variable included both 
unilateral and bilateral procedures.

There were several key sub-populations of interest. 
Black women, all women residing in rural areas, and 
specifically Black women residing in rural areas. These 
groups were selected as populations of interest because 
of previously documented breast cancer disparities and 
under-representation in previous investigations of secular 
trends in breast cancer surgery [32–34]. Race was catego-
rized into Black and non-Black categories based on the 
abstracted data from health systems included in the can-
cer registry. Rurality was operationalized using the United 
States Department of Agriculture Rural–Urban Commut-
ing Area (RUCA) codes based on census tract of residence 
at the time of diagnosis, an ordinal measure of rurality 
[35]. Every census tract is assigned a score of 1 to 10 with 
1 being the most urban and 10 being the most rural. As 
recommended by the Federal Office of Rural Health Policy 
we dichotomized rurality: RUCA codes 1–3 were classi-
fied as urban and census tracts with RUCA codes 4–10 we 
classified as rural [36]. We were also interested in assess-
ing differences in surgical trends by age at diagnosis. Age 
at diagnosis was categorized into the following groupings: 
18–49 years, 50–64 years, and 65 years and older. Insur-
ance type was defined by the cancer registry as the type 
of insurance at the time of diagnosis and was categorized 
into commercial, Medicaid, Medicare, Medicaid/Medicare 
dual enrolled, Uninsured, and Insured with unknown type.

Statistical analysis

Demographic and clinical characteristics of women who 
had mastectomy compared to breast-conserving surgery 
were calculated stratified by key subgroup, Black women, 
rural women, and Black women in rural areas. To detect 
secular trends in the proportion of procedures that were 
mastectomy compared to BCS we used Joinpoint Regres-
sion. Joinpoint Regression uses a series of permutation 
tests to identify the inflection point at which there was a 
significant change in the annual proportion of procedures 
of a given surgery type (APC) [37]. These models tested 
for up to 3 joinpoints or inflection points where the slope 
changes, during 2003 to 2016 with the p-value for each 
permutation test being determined by Monte Carlo meth-
ods [38]. We also calculated the overall average annual 
percentage change (AAPC) to describe the net change in 
type of procedures over the whole time period where the 
null hypothesis is that there is no change in the proportion 
of a given procedure. Stratified analyses were conducted 
by race, age group, and rurality of residence.

Given that SEER staging is primarily used for research 
while TNM staging is used in clinical practice and may 
be more meaningful in assessing who is BCS eligible, we 
conducted a sensitivity analysis to evaluate the missing-
ness of TNM staging to evaluate the consistency of results 
when restricting to patients with non-missing TNM stage.

Fig. 1  Flowchart of eligibility 
criteria for study of surgical 
type after breast cancer diagno-
sis, North Carolina, 2003–2016



Statistical analyses were performed using SAS version 
9.4 and the Joinpoint regression program, version 4.0.4, 
from the Surveillance Research Program of the National 
Cancer Institute [37, 38]. This investigation was approved 
by the Institutional Review Board (IRB) at the University 
of North Carolina at Chapel Hill (IRB # 18–3552).

Results

Cohort characteristics

Overall, there were 116,019 women diagnosed with breast 
cancer between 2003 and 2016, of which 86,776 women 
met inclusion criteria, Fig. 1. Of these women, 67.4% 
had localized disease and 32.6% had regional disease 
(Table 1). Demographically, 19.4% of women were Black, 
21.6% lived in rural areas, and 3.8% of patients overall 
were Black and lived in rural areas.

Change in procedure type

At the start of the study period in 2003, the proportions of 
mastectomy and BCS were relatively equal at 49.1% and 
48.4%, respectively, with 2.5% of women not having any 
surgery. At the end of the study period in 2016, BCS was 
the more common procedure at 60.8%, while the proportion 
of mastectomy dropped to 33.7%. In 2016, 5.5% of women 
had no record of surgery. In Joinpoint regression analyses, 
there was one detected change in slope for the proportion 
of mastectomies between 2003 and 2016. Between 2003 
and 2010 there was no significant change in mastectomy 
(APC − 0.4%; 95% CI − 1.5%, 0.7%), culminating with a 
notable decrease from 2010 to 2016 (APC − 4.8%, 95% CI 
− 6.2%, − 3.3%) per year, Fig. 2A. The proportion of BCS
also remained flat (APC 0.2; 95% CI − 0.9, 1.2) between
2003 and 2010 and then increased sharply from 2010 onward
(APC 3.2%; 95% CI 2.2%, 4.3%). Trends were similar
among Black women. Among Black women, there was no
net change in proportion of mastectomy from 2003 to 2011
(APC − 0.9%; 95% CI − 2.3%, 0.6%) or breast-conserving

Table 1  Characteristics of women diagnosed with early stage breast cancer between 2003 and 2016 in North Carolina stratified by key demo-
graphic subsets

a “Other federal” insurance includes TRICARE, Veterans Health Administration, and Indian Health Service

Characteristic All eligible women 
(n = 86,776)

Subset 1: black women 
(n = 16,841)

Subset 2: rural women 
(n = 18,734)

Subset 3: black 
rural women 
(n = 3282)

Surgery type
 Breast-conserving surgery 45,953 (53.0) 8890 (52.8) 9474 (50.6) 1663 (50.7)
 Mastectomy 37,142 (42.8) 6864 (40.8) 8502 (45.4) 1409 (42.9)
 None 3681 (4.2) 1087 (6.4) 758 (4.0) 210 (6.4)

Age group
 18–49 18,303 (21.1) 4407 (26.2) 3273 (17.5) 720 (21.9)
 50–64 31,969 (36.8) 6634 (39.4) 6831 (36.5) 1268 (38.7)
 65 + 36,484 (42.1) 5789 (34.4) 8626 (46.0) 1293 (39.4)

Insurance type at diagnosis
 Commercial 31,485 (36.3) 5609 (33.3) 5514 (29.4) 850 (25.9)
 Medicaid 4481 (4.9) 1796 (10.7) 1053 (5.6) 371 (11.3)
 Medicare 33,114 (38.2) 5109 (30.3) 7786 (41.6) 1082 (33.6)
 Other  Federala 1381 (1.6) 304 (1.8) 295 (1.6) 30 (0.9)
 Uninsured 2573 (3.0) 777 (4.6) 613 (3.3) 163 (5.0)
 Unknown/missing 2277 (2.6) 427 (2.5) 480 (2.5) 79 (2.4)
 Medicare/medicaid dual eligible 3185 (3.7) 1343 (8.0) 977 (5.2) 385 (11.7)
 Insured unknown type 8480 (9.8) 1476 (8.8) 2016 (10.8) 322 (9.8)

SEER 2000 summary stage
 Localized 58,466 (67.4) 10312 (61.2) 12,635 (67.4) 2022 (61.6)
 Regional 28,310 (32.6) 6529 (38.8) 6099 (32.6) 1260 (38.4)

ER status
 Positive 59,011 (68.0) 9942 (59.0) 12,443 (66.4) 1878 (57.2)
 Negative 15,833 (18.2) 4803 (28.5) 3371 (18.0) 921 (28.1)
 Unknown 11,932 (13.8) 2096 (12.5) 2920 (15.6) 483 (14.7)



surgery from 2003 to 2010 (APC 0.3%; 95% CI − 1.1%, 
1.7%), (Fig. 2B). After 2010 and 2011, respectively, among 
Black women, the proportion of mastectomy decreased 
(APC − 6.5%, 95% CI − 9.5%, − 3.4%) while BCS increased 
(APC 3.5%; 95% CI 2.1%, 4.9%), until 2016.

There were several notable differences in the distribu-
tion of surgery type by age group. In contrast to what was 
observed in the overall population, among women aged 
18–49 years, mastectomy was the most common procedure 
type. Among these younger women there was a modest 
increase in proportion of mastectomy from 2003 to 2016, 
(AAPC 0.7, 95% CI 0.1, 1.4), Fig. 3A, while BCS decreased 
overtime (AAPC − 1.1%, 95% CI − 1.7%, − 0.6%), data not 
shown. However, among Black women aged 18–49, breast-
conserving surgery remained the more common procedure 
type, and there was no net change in proportion for either 

surgery over the study period. Trends among women aged 
50–64, and older than 65, resembled those seen in the overall 
population, with BCS increasing and mastectomy decreasing 
particularly after 2010, Fig. 3B and C. Among Black women 
aged 50 to 64 and those older than 65 years, the propor-
tion of surgeries that were mastectomy steadily decreased 
and BCS procedures increased over the entire time interval 
(Fig. 3E, F.

With regard to patients living in rural areas, mastectomy 
was the more prevalent procedure type at the start of the 
time interval. In 2011 for rural women overall, BCS became 
the more prevalent procedure type (Fig. 4A). Similar to the 
overall North Carolina population, among rural women, 
BCS proportion remained flat between 2003 and 2010 (APC 
1.1%; 95% CI − 0.2%, 2.3%) and then increased from 2010 
onward (APC 3.4%; 95% CI 2.0%, 4.7%). Accordingly, 

Fig. 2  Temporal trends in surgical treatment of early-stage breast can-
cer 2003–2016. A Total North Carolina Population.  B Among Black 
Women. APC indicates Annual Percent Change which calculates the 
annual percentage rate change in a model specified time interval. 

AAPC is Average Annual Percent Change which calculates the aver-
age annual percentage rate change in a model specified time interval 
over the entire time interval



among rural patients overall the proportion of mastectomy 
decreased steadily from 2003 to 2011 (AAPC − 1.5, 95% 
CI − 2.4, − 0.6) and then decreased more sharply after 2011 
(AAPC − 5.8, 95% CI − 8.0, − 3.6). Specifically, among 
Black women in rural areas, the observed crossover in most 
prevalent procedure type happened a slightly earlier, in 
2009, Fig. 4B. Among Black rural women there were no 
detected inflections in slope for procedure type. In this popu-
lation, the proportion of BCS increased (APC 2.3%; 95% CI 
1.6, 3.0) and mastectomy decreased (AAPC − 3.0, 95% CI 
− 4.2, − 1.7) between 2003 and 2016 with no changes in
slope during this time interval.

Stage at diagnosis sensitivity analyses

TNM stage at diagnosis was missing for 35.7% of records 
and therefore was not used in the primary analysis. Of the 
30,964 patients missing stage, (19%) were Black which is a 
comparable proportion to the proportion of Black patients 
included in the study using SEER staging inclusion criteria. 
However, 42.6% of rural residing women were missing TNM 
stage at diagnosis, compared to 34.3% overall (Supplemental 

Table 1). Further, missingness of TNM stage was associated 
with year of diagnosis. Cumulatively, years 2003 through 
2008 made up 62.4% of TNM stage missingness (Supple-
mental Table 2).

In sensitivity analyses restricted to non-missing TNM 
Stage (n = 67,731) our interpretation of trends in surgery 
practices remained unchanged across age, race, and rural-
ity. Among the total NC population among those with non-
missing TNM staging, the change in proportion of mastec-
tomy for the time interval 2003 to 2016 yielded an AAPC 
of − 4.5% (95% CI − 4.3%, − 0.9%) per year. While the 
proportion of procedures that were BCS increased steadily 
with an AAPC of 2.2% (95% CI 1.8%, 2.6%) between 2003 
and 2016.

Discussion

In this investigation, we observed a considerable decrease 
in the use of mastectomy among women eligible for either 
BCS or mastectomy in North Carolina between 2011 and 
2016. This overall finding differs from previously reported 

Fig. 3  Average Annual Percent Change (AAPC) for use of mas-
tectomy in the treatment of early-stage breast cancer 2003–2016 
stratified by age group. A–C Total North Carolina Population. D–F 
Among Black Women. AAPC is Average Annual Percent Change 

which calculates the average annual percentage rate change in a 
model specified time interval over the entire time interval. AAPC is 
presented for mastectomy only



national trends assessed using the National Cancer Data-
base and other data sources that described an increase in 
the proportion of patients receiving mastectomy overall 
[1, 18–20]. Our finding was consistent by race and rural-
ity but differed by age, where BCS decreased for women 
18–49 years old between 2003 and 2016. Characteristics 
of our study populations differ from prior investigations in 
several important ways. There were a higher proportion of 
Black and rural patients represented and patients from all 
insurance types, including the uninsured, and all treating 
facility types were included. Importantly study includes 
data through 2016, representing an update on previous 
trends. Our study is one of the few investigations to evalu-
ate within-group variation in the Black patient surgical 
treatment experience by age group and rurality.

Temporal trends in surgical treatment have previously 
been shown to vary by age. A national study conducted 
among women older than 65 found a consistent decline in 
mastectomy rate between 2000 and 2008 [15]. This decline 
in mastectomy for women older than 65 was consistent with 
what we observed in our investigation in the North Carolina 
overall population and our key sub-populations of interest. 
The prevalence of mastectomy across the time period was in 
general higher for women younger than 65 than women older 
than 65 potentially reflecting a trend to de-escalate breast 
cancer therapy in older women or a preference for a surgery 
perceived as “more aggressive” among younger women [39, 
40]. Temporal trends in breast cancer surgery differed for 
Black women younger than 50 relative to North Carolina as 
a whole. Among younger Black women, breast-conserving 

Fig. 4  Temporal trends in surgical treatment of early-stage breast cancer 2003–2016 among A all women living in rural and B Black women in 
rural areas



surgery remained the most common procedure type in con-
trast to mastectomy being the more common procedure 
across the time interval overall in the North Carolina popu-
lation. This difference may represent cultural differences in 
procedure preference or could possibly be a gap in shared 
decision-making around surgery.

Our finding of overall decreasing rates of mastectomy 
for the treatment of early-stage breast cancer was surprising 
given the prior literature. North Carolina, is relatively unique 
with the density of three National Cancer Institute desig-
nated comprehensive cancer centers that in total, cover the 
entire state within the catchment area [41, 42]. This poten-
tial high level of access to academic medical centers with 
comprehensive cancer centers may influence the patterns of 
surgical treatment that we observed. Further, nationally and 
internationally, there has been increased attention on reduc-
ing the treatment burden of breast cancer care. This has been 
observed in the move from axillary lymph node dissection 
to sentinel lymph node biopsies where indicated, shorter 
courses of radiation therapy, and greater use of neoadjuvant 
therapy [43–45]. The observed decline of mastectomies in 
our study may be in alignment with the broader state of 
breast cancer care delivery, especially given updated data on 
long-term outcomes for patients treated with BCS.

Presently, studies have revisited questions related to 
potential differences in long-term survival among women 
diagnosed with early-stage breast cancer by surgery type 
using large-scale observational and real-world data studies 
highlighting the ongoing need for population-level surveil-
lance of surgical treatment trends [46]. A single-state cancer 
registry study in Louisiana found that women treated with 
breast-conserving surgery had higher overall survival after 
10 years than women treated with mastectomy, after con-
trolling for sociodemographic and clinical characteristics 
[47]. Similarly, in the National Cancer Database, research-
ers found higher overall and breast cancer-specific survival 
for women treated with BCS than those with mastectomy 
[48]. Globally, a recent prospective cohort study conducted 
in Sweden found greater 5-year overall survival for patients 
treated with BCS and radiation than those treated with 
mastectomy with or without radiation [49]. As the relative 
benefits of each surgery type continue to be evaluated, it is 
imperative to monitor temporal trends in treatment to ensure 
all groups are receiving treatment that is based on contem-
porary standards of evidence.

There are important demographic and methodologic 
considerations in studying temporal trends of care deliv-
ery over long windows of time, namely the change in 
rurality designation that can occur. In the USA, since the 
year 2000, the proportion of people living in rural areas is 
decreasing, while the proportion of people residing in sub-
urban or urban areas is increasing [50]. For this investiga-
tion, specifically in North Carolina, the urban population 

increased from 60% of residents to 66% of residents, 
largely attributable to in-migration to already urban areas 
from other states [51–53]. While there were no substan-
tial shifts in rural designation in North Carolina during 
the study period, the changing demography of the USA 
remains an important factor to consider in the evaluation 
of temporal trends in cancer treatment.

Our study has several strengths. Using surgical infor-
mation contained in the cancer registry we were able 
to include all women across the state of North Carolina 
including uninsured women who are not represented in 
insurance claims-based research and also those treated out-
side of CoC-accredited facilities that report to the NCDB. 
We were able to conduct specific subgroup analyses among 
women from populations affected by health disparities in 
breast cancer outcomes, such as Black and rural women, 
populations often underrepresented in investigations of 
surgical management of breast cancer. Additionally, the 
recency of our data through 2016 permits a more recent 
update on surgical trends than was previously available. 
Our study is not without limitations. This is an investiga-
tion that was limited to a single state and it is unknown 
how results from this investigation generalize to other US 
states or global trends in breast cancer surgery. Addition-
ally, while our previous investigation demonstrated high 
validity for the surgical treatment information contained 
in the registry, there remains the potential for surgery mis-
classifications particularly for patients who had multiple 
procedures or re-excisions. While cancer registrars can 
update a treatment record following a second procedure, it 
is unknown how commonly this occurs. Further, the surgi-
cal landscape of breast cancer is constantly changing, with 
oncoplastic techniques becoming increasingly common for 
BCS. In the current national surgical data standards for 
cancer registries, including North Carolina, information 
on oncoplastic techniques is not currently reported and 
as such we are not able to evaluate this in our analyses, 
masking the potential population-level heterogeneity that 
may exist for type BCS received.

The frequent scientific and clinical updates in the treat-
ment of cancer necessitate a thorough understanding of 
population-level trends in cancer care delivery and how 
those trends may differ across geographic and demo-
graphic lines. In our investigation, we observed that in a 
Southern state with a large Black population that mastec-
tomy rates decreased overall in contrast to prior national 
estimates of increasing rates. This decrease was consist-
ent among marginalized populations of Black women and 
rural White women. Our work underscores the need for 
ongoing population-level surveillance of cancer treatment 
trends that is inclusive of populations who are most likely 
to experience cancer care inequities.
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