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IMPORTANCE Racial disparities in time to surgery (TTS) after a breast cancer diagnosis and
whether these differences account for disparities in overall survival have been understudied
in the US population.

OBJECTIVES To compare TTS in non-Hispanic black (NHB) and non-Hispanic white (NHW)
women with breast cancer and to examine whether racial differences in TTS may explain
possible racial disparities in overall survival in a universal health care system.

DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort identified from the Department of
Defense Central Cancer Registry and Military Health System Data Repository linked databases
containing records between January 1, 1998, and December 31, 2008, of 998 NHB women
and 3899 NHW women who received a diagnosis of stages I to III breast cancer and
underwent breast-conserving surgery (BCS) or mastectomy in the US Military Health System
during the study period. Data analyses were conducted from July 5, 2017, to December 29,
2017.

MAIN OUTCOMES AND MEASURES The main outcome was time to breast cancer surgery.
Non-Hispanic black and NHW women were compared at the 25th, 50th (median), 75th, and
90th percentiles of TTS by using multivariable quantile regression. Cox proportional hazards
regression models were used to estimate hazard ratios (HRs) and 95% CIs for all-cause death
in NHB compared with NHW women after controlling for potential confounders first without
and then with TTS.

RESULTS Among the 4887 NHB and NHW women in the cohort, the mean (SD) age was
50.0 (9.4) years. The median TTS was 21 days (95% CI, 20.6-21.4 days) among NHW women
and 22 days (95% CI, 20.6-23.4 days) among NHB women. Non-Hispanic black women had
a significantly greater estimated TTS at the 75th (3.6 days; 95% CI, 1.6-5.5 days) and 90th
(8.9 days; 95% CI, 5.1-12.6 days) percentiles than NHW women in multivariable models. The
estimated differences were similar by surgery type. Non-Hispanic black women had a higher
adjusted risk for death (HR, 1.45; 95% CI, 1.06-2.01) compared with NHW women among
patients receiving breast-conserving surgery. The risks were similar between races among
those receiving mastectomy (HR, 1.06; 95% CI, 0.76-1.48). The HRs remained similar after
adding TTS to the Cox proportional hazards regression models.

CONCLUSIONS AND RELEVANCE This study’s results indicate that time to breast cancer surgery
was delayed for NHB compared with NHW women in the Military Health System. However,
the racial differences in TTS did not explain the observed racial differences in overall survival
among women who received breast-conserving surgery.
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B lack women who receive a diagnosis of breast cancer
have lower survival than their white counterparts in the
general US population.1-4 Documented racial differ-

ences in tumor characteristics and receipt of recommended
treatments3,5-7 may only partially explain survival disparities.3,7

Time to first treatment has gained attention as a possible ex-
planatory factor for survival disparities in nonmetastatic
disease.8-12 Treatment delays could lead to poorer treatment
response, more rapid disease progression, or adverse health
events13,14 and may contribute to reduced overall survival.8,12,15

Because surgery is the primary treatment for early-stage breast
cancer,16,17 time to surgery (TTS) may be important for racial
disparities research.

Recent investigations have evaluated whether there are
racial differences in breast cancer TTS.10,18-23 In population-
based studies using data from the Surveillance, Epidemiol-
ogy, and End Results–Medicare (SEER-Medicare) database,
Medicaid, and the National Cancer Database,10,18,19,21 non-
Hispanic black (NHB) women had longer TTS or were less
likely to receive surgery within 30 days of breast cancer
diagnosis than non-Hispanic white (NHW) women. How-
ever, it is understudied whether these differences may be
associated with racial disparities in survival. A California
Cancer Registry study of 8860 young women reported that
NHB women were more likely than NHW women to have
surgery more than 6 weeks after diagnosis and that NHB
women and those with treatment delays of more than 6
weeks also had poorer overall survival.20 Nevertheless, the
study did not directly address whether TTS differences
between NHB and NHW women could account for racial dis-
parities in survival.

Less access to care and lower insurance coverage among
black individuals compared with white individuals24 are main
factors for racial disparities in breast cancer survival in the gen-
eral US population.1,25-28 Access to care and insurance cover-
age may influence treatment timing.29,30 The California Can-
cer Registry study also reported that women with public or no
health insurance had longer TTS and poorer overall survival
than their counterparts with private insurance.20 Indepen-
dent of access to care and insurance coverage, it is unclear
whether NHBs and NHWs differ in TTS and, further, whether
racial differences in TTS may account for disparities in sur-
vival. Research in universal health systems, in which differ-
ent racial groups are provided equal access to health care, can
help address this topic.

The US Military Health System (MHS) provides eligible ben-
eficiaries with insurance coverage and access to medical care
through a direct network of military treatment facilities or from
approved civilian medical facilities.31 Therefore, beneficia-
ries have insurance and access to care regardless of racial back-
ground. Previous studies have shown that black women with
breast cancer had worse overall survival than their white coun-
terparts within the MHS.32,33 However, to our knowledge, TTS
after a breast cancer diagnosis has not been evaluated in the
MHS population in relation to race and clinical outcomes. The
objectives of this study were to examine whether racial dif-
ferences exist in TTS and to evaluate whether any differences
in TTS may subsequently explain any observed disparities in

overall survival between NHB and NHW women with a diag-
nosis of breast cancer in the MHS.

Methods
Data Sources
This study used linked data from the Department of Defense
Central Cancer Registry (CCR) and the MHS Data Repository
(MDR). The CCR contains information on demographics, can-
cer diagnosis, and treatment for patients diagnosed or treated
at military treatment facilities beginning in 1998.34 The CCR
compiles data and does follow-up on all patients for vital sta-
tus using the North American Association of Central Cancer
Registries reporting standards.35 The MDR includes adminis-
trative and medical claims data for inpatient, outpatient, labo-
ratory, pharmacy, and other ancillary services provided at mili-
tary treatment facilities or civilian facilities paid by the
Department of Defense.36 The CCR and MDR data linkage was
approved by the institutional review boards of the Walter Reed
National Military Medical Center, the Defense Health Agency,
and the National Institutes of Health. The requirement for in-
formed consent from patients was waived by the Walter Reed
National Military Medical Center Institutional Review Board
because the study was based on data from a large existing
database. Analyses were conducted from July 5, 2017, to
December 29, 2017.

Study Population
Patients with a pathologic diagnosis of breast cancer (Inter-
national Classification of Diseases for Oncology, Third Revi-
sion (ICD-O-3) topography codes C50.0-50.6 and C50.8 and
C50.9) were identified in the CCR data (Figure). Eligible pa-
tients were NHB or NHW37 women aged 18 to 64 years who re-
ceived a diagnosis of stages I to III disease between January 1,
1998, and December 31, 2007; had corresponding records in
the MDR database; and had documented surgical treatment
(mastectomy or breast-conserving surgery [BCS]) in either the
CCR or MDR. Women with stage IV (metastatic) breast cancer
were excluded because surgery is usually not the primary
treatment.16 Women who were Hispanic/Latina were ex-
cluded to minimize the potential effects of ethnicity on racial

Key Points
Questions Do black and white women differ in time to breast
cancer surgery, and could such differences explain racial disparities
in overall survival?

Findings This cohort study of 988 non-Hispanic black and 3899
non-Hispanic white women who received a diagnosis of and were
treated for breast cancer in the US Military Health System found
that black women had longer 75th and 90th percentile times to
surgery than white women. The longer time to surgery, however,
did not account for the observed racial disparity in overall survival.

Meaning Future research on factors that influence surgical
decisions, treatment delays, and short-term and long-term clinical
outcomes is warranted to better understand racial disparities in
breast cancer treatment and overall survival.
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comparisons in TTS and survival.4 Women older than 64 years
at diagnosis were excluded to reduce the possibility of incom-
plete information owing to their Medicare eligibility. Patients
with multiple primary cancer diagnoses were excluded to mini-
mize potential effects of other cancers on results.

Study Variables
Cancer information in the CCR included diagnosis date, patho-
logic and clinical stage, tumor grade (well, moderately, poorly,
or nondifferentiated), and estrogen receptor (ER) and proges-
terone receptor (PR) status. Tumor stage was defined using the
American Joint Committee on Cancer sixth edition criteria as
stage I, II, or III.38 Breast cancer treatments were identified from
both databases. In the CCR data, site-specific Facility Oncol-
ogy Registry Data Standards surgery codes were used to iden-
tify mastectomy (30, 40-49, 50-59, 60-69, and 70-76) and BCS
(20-24). The date(s) of first treatment for chemotherapy, ra-
diotherapy, and hormone therapy were also extracted from the
CCR. In the MDR data, medical billing codes39 were used to
identify the first surgical record with an algorithm to exclude
those for diagnostic purposes and to identify the first date of
other treatment(s). The cancer diagnosis and treatment dates
were consolidated using a deliberate and systematic process.
Chemotherapy and radiotherapy were classified as neoadju-
vant or adjuvant based on timing with the first surgery. Hor-
mone therapy was confined to those with hormone receptor–
positive tumors (ER+, PR+, or both). Surveillance mammograms
were identified in MDR records as any mammogram within the
3 years after diagnosis.

Comorbid conditions were identified in the MDR records
using International Classification of Diseases, Ninth Revision,
Clinical Modification codes for medical conditions included

in the Charlson Comorbidity Index,40 with the exception of
cancer because breast cancer was the condition of interest
and other primary cancers were excluded. To reduce the
possibility of false or unconfirmed diagnoses, comorbidities
were included when there was at least 1 inpatient or 3 outpa-
tient records with a relevant International Classification of
Diseases, Ninth Revision, Clinical Modification diagnosis
code. The number of conditions was categorized as 0, 1, or 2
or greater.

Other study variables included age at diagnosis, marital sta-
tus (married, single, separated, divorced, or widowed), active-
duty status, military service, or sponsor branch (Army, Navy,
Marines, Air Force, or other), TRICARE service region (North,
South, West, or overseas [Europe, Pacific, or Africa]), insur-
ance benefit type in the 3 months surrounding diagnosis
(prime, standard, or extra) and care source (military treat-
ment facilities or civilian facilities) in the 3 months before di-
agnosis and up to the first surgery date. Women with other
health insurance in addition to MHS-provided coverage
(n = 456) were excluded owing to the possibility of missing rec-
ords for cancer treatment.

Study Outcomes
The primary study outcomes were TTS and overall survival.
The TTS was calculated as the difference in days between the
diagnosis and first surgery dates. Women with a TTS longer
than 365 days (n = 61) were excluded because surgery be-
yond this period is unlikely to be part of primary treatment
based on clinical guidelines.16 Women with a surgery date prior
to diagnosis (n = 28) were excluded because these cases may
represent emergency procedures before a diagnosis could be
made and did not have a valid time interval for analyses.
Women with other treatment prior to diagnosis (n = 41) were
excluded owing to the illogical ordering of diagnosis and treat-
ment and its potential effects on the study exposures and out-
comes. Vital status was determined from CCR records. Sur-
vival time was calculated as the time between diagnosis and
the date of death for those who died, date of last contact re-
corded in CCR and MDR databases, or end date of the data on
December 31, 2008, whichever occurred first.

Statistical Analysis
Distributions of patient demographic, tumor, and treatment
characteristics by race (NHW and NHB) were examined using
χ2 or Fisher exact tests. Time to surgery and associated 95%
CIs were estimated at the 25th, 50th (median), 75th, and 90th
percentiles for each race using model intercepts and param-
eter estimates from quantile regression with bootstrap method
for SEs.41,42 Then, we compared TTS at the designated per-
centiles between NHB and NHW women using both univari-
able and multivariable models adjusted for demographic, tu-
mor, and other treatment variables. Analyses were conducted
for the first surgery and then separately for BCS or mastec-
tomy, respectively, owing to inherent differences in treat-
ment planning and excision techniques between surgery types
and the potential implications for surgical delays. We re-
peated the quantile regression analyses by neoadjuvant treat-
ment status because neoadjuvant treatment is indicated for

Figure. Selection of Patients in the Department of Defense
Central Cancer Registry for Study Inclusion

7383 Patients identified in Department of
Defense Central Cancer Registry

253 Excluded
35 No linked military data repository records
 22 No diagnosis date and information 

196 No surgery for primary breast cancer

2243 Patients excluded
476 Unknown ethnicity
 32 Unknown race
 72 Unknown race and ethnicity

  1077 Hispanic or other racial or ethnic minority
456 Additional non-MHS health insurance

61 Surgical date >365 d from diagnosis
69 Any treatment record before pathologic

diagnosis date

4887 Included in analysis

7130 Who underwent surgery for
primary breast cancer

MHS indicates Military Health Service.
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more advanced or aggressive tumors16,17 and can markedly
affect TTS.

We then compared overall survival between racial groups
and whether TTS might be associated with racial differences
in survival using Cox proportional hazards regression. Pa-
tients with less than 30 days’ follow-up after the surgery date
(n = 14) were excluded from survival analysis owing to possi-
bly incomplete information on course of treatment, such as ad-
juvant chemotherapy or radiotherapy, which may be associ-
ated with cancer outcomes. Individual hazard ratios (HRs) and
95% CIs for all-cause death were modeled for NHB compared
with NHW women in univariable and multivariable models.
To assess the association of TTS with racial differences in over-
all survival, we first fit the model without TTS. Then, we added
TTS to the model to examine whether racial differences in sur-
vival were attenuated. Relative likelihood of the models was
assessed using the Akaike information criterion.43 In this analy-
sis, the overall sample TTS was divided into quartiles (Q1-
Q4), with the shortest time interval defined by Q1. To reduce
the possibility of residual confounding within TTS quartiles,
we also modeled TTS as continuous time. Survival analyses
were conducted for the entire sample and stratified by sur-
gery type. Analyses were conducted using SAS, version 9.4 (SAS
Institute Inc). Statistical tests were 2-sided, and associations
were considered statistically significant at the α = .05 level.

Results
Patient Characteristics
Of the 4887 women included in the study, 3899 were NHW and
988 were NHB. The women in the study had a mean (SD) age
at diagnosis of 50.0 (9.4) years and were followed up for a mean
(SD) of 3.8 (2.1) years. Mean (SD) follow-up time was 3.86 (2.1)
years for NHW and 3.5 (2.0) years for NHB women. Distribu-
tions of patient and tumor characteristics differed between
NHB and NHW women on nearly every characteristic evalu-
ated (Table 1). Notably, NHB women tended to be younger at
diagnosis and were more likely to have stage II or stage III tu-
mors, hormone receptor–negative tumors, comorbid condi-
tions, or to have died during the study period compared with
NHW women.

Time to Surgery
For NHW women, the overall 25th percentile TTS was 7 days
(95% CI, 5.6-8.4 days), overall 50th percentile TTS was 21 days
(95% CI, 20.6-21.4 days), overall 75th percentile TTS was 35
days (95% CI, 34.0-36.0 days), and overall 90th percentile TTS
was 60 days (95% CI, 55.3-64.7 days). For NHB women, the
overall 25th percentile TTS was 6 days (95% CI, 1.6-10.4 days),
overall 50th percentile TTS was 22 days (95% CI, 20.6-23.4
days), overall 75th percentile TTS was 39.5 days (95% CI, 35.7-
42.3 days), and overall 90th percentile TTS was 92 days (95%
CI, 75.9-108.0 days) (Table 2). In multivariable models, NHB
women had a longer TTS than NHW women by 3.6 days (95%
CI, 1.6-5.5 days) at the 75th percentile and 8.9 days (95% CI,
5.1-12.6 days) at the 90th percentile (Table 2). The magni-
tudes of adjusted differences in TTS between NHB women and

NHW women were similar in models stratified by surgery type
(Table 2). We also considered patients with and without neo-
adjuvant treatment separately (Table 3). Among patients with
neoadjuvant treatment, there were no significant racial dif-
ferences in time to neoadjuvant treatment or in TTS, al-
though there was a tendency toward longer TTS for NHB
women at the 75th and 90th percentiles. Among patients with-
out neoadjuvant treatment, NHB women had a significantly
longer TTS at the 50th percentile of 1.9 days (95% CI, 0.3-3.5
days), at the 75th percentile of 3.1 days (95% CI, 0.8-5.4 days),
and at the 90th percentile of 7.6 days (95% CI, 3.5-11.7 days)
(Table 3).

Overall Survival
Non-Hispanic black women had a higher risk for all-cause death
(HR, 1.53; 95% CI, 1.24-1.90) compared with NHW women in
the univariable model. The higher mortality risk for NHB
women was attenuated (HR, 1.21; 95% CI, 0.97-1.52) when ad-
justed for demographic, pathologic, and treatment variables
(Table 4). The addition of TTS to the multivariable model did
not substantially attenuate the HR estimates compared with
the adjusted model. The results remained similar when TTS
was modeled as continuous time (data not shown). When strati-
fied by surgery type, NHB women had a higher adjusted risk
of all-cause death compared with NHW women (HR, 1.45; 95%
CI, 1.06-2.01) among those receiving BCS and a similar ad-
justed risk of all-cause death compared with NHW women (HR
1.06; 95% CI, 0.76-1.48) among those receiving mastectomy
(Table 4). The addition of TTS to the models did not change
the HR estimates associated with race by surgery type (Table 4).

Discussion
Racial differences in TTS have been previously reported, with
black women experiencing a 3- to 15-day longer median TTS
compared with white women.10,18-23 Insurance status and ac-
cess to care have been identified as 2 system-driven factors that
potentially contribute to treatment delays.10,15,20,22 The me-
dian TTS of 22 days among NHB women in our study was
shorter than the median TTS of 27 to 37 days reported among
NHB women in the literature.10,21-23,44 Nevertheless, in the
MHS, which provides insurance and equal access to care re-
gardless of racial background, we observed a longer TTS of
nearly 4 and 9 days for NHB compared with NHW women at
the 75th and 90th percentiles of treatment time, respec-
tively. This finding suggests that factors other than access to
care and insurance status may play a role in longer TTS for NHB
compared with NHW women.

Patient and tumor factors, such as comorbid conditions
or hormone receptor negative status, which tend to be more
prevalent among NHB women than NHW women,45-47 could
also influence surgical treatment decisions and delay
treatment.5,48,49 Nevertheless, we controlled for comorbidi-
ties and ER and PR status in our data analysis. To further
account for possible effects of underlying racial differences
in tumor phenotype, we stratified the analysis by hormone
receptor status and found similar results; NHB women
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Table 1. Selected Demographic and Pathologic Characteristics by Race/Ethnicity for 4887 Women
With a Diagnosis of Breast Cancer in the US Military Health System, 1998-2007

Characteristic

Race/Ethnicity, No. (%)

P ValueNon-Hispanic White Non-Hispanic Black

Age at diagnosis, y

18-39 508 (13.0) 246 (24.9)

<.001
40-49 1148 (29.4) 382 (38.7)

50-59 1343 (34.4) 243 (24.6)

60-64 900 (23.1) 117 (11.8)

Marital status

Married 3337 (85.6) 777 (78.6)

<.001
Single 101 (2.6) 59 (6.0)

Divorced/widowed/separated 367 (9.4) 122 (12.4)

Unknown 94 (2.4) 30 (3.0)

Military service/sponsor branch

Army 1184 (30.4) 474 (48.0)

<.001

Navy 802 (20.6) 142 (14.4)

Marine Corps 189 (4.9) 42 (4.3)

Air Force 1329 (34.1) 228 (23.1)

Other 367 (9.4) 94 (9.5)

Unknown 28 (0.7) 8 (0.8)

Active duty at diagnosis

Yes 237 (6.1) 166 (16.8)

<.001No 3635 (93.2) 814 (82.4)

Unknown 27 (0.7) 8 (0.8)

TRICARE region

North 1303 (33.4) 400 (4.5)

<.001
South 1245 (31.9) 352 (35.6)

West 1253 (32.1) 204 (2.7)

Overseas (Europe, Pacific, or Africa) 98 (2.5) 32 (3.2)

Benefit type

Prime 3245 (83.2) 819 (82.9)

.91Nonprime (standard or extra) 269 (6.9) 72 (7.3)

Unknown 385 (9.9) 97 (9.8)

Medical care source

Direct (military) 1838 (47.1) 577 (58.4)

<.001
Purchased (private) 840 (21.5) 135 (13.7)

Both (military and private) 1151 (29.5) 256 (25.9)

Unknown 70 (1.8) 20 (2.0)

Breast cancer diagnosis year

1998 471 (12.1) 99 (1.0)

.01

1999 495 (12.7) 113 (11.4)

2000 446 (11.4) 94 (9.5)

2001 425 (10.9) 93 (9.4)

2002 412 (10.6) 105 (1.6)

2003 371 (9.5) 97 (9.8)

2004 356 (9.1) 91 (9.2)

2005 350 (9.0) 110 (11.1)

2006 282 (7.2) 85 (8.6)

2007 291 (7.5) 101 (1.2)

(continued)
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tended to have longer TTS at the 75th and 90th percentiles
despite ER and PR status (data not shown). We also consid-
ered effects of neoadjuvant treatment on racial differences
in TTS and found a similar tendency for longer TTS among
NHB women in patients with and without neoadjuvant treat-
ment. Other factors, such as genetic or familial risk; social,

behavioral, and cultural factors; and patient attitudes and
perceptions not routinely captured in registry and medical
claims data may be associated with cancer treatment49-52

and thus TTS. These factors may provide an area of future
research to better understand racial disparities in treatment
timing for breast cancer.50

Table 1. Selected Demographic and Pathologic Characteristics by Race/Ethnicity for 4887 Women
With a Diagnosis of Breast Cancer in the US Military Health System, 1998-2007 (continued)

Characteristic

Race/Ethnicity, No. (%)

P ValueNon-Hispanic White Non-Hispanic Black

Tumor stage (AJCC)

I 1921 (49.3) 369 (37.4)

<.001II 1563 (40.1) 463 (46.9)

III 415 (10.6) 156 (15.8)

Tumor grade (AJCC)

G1 (well differentiated) 794 (20.4) 120 (12.2)

<.001

G2 (moderately differentiated) 1431 (36.7) 322 (32.6)

G3 (poorly differentiated) 1196 (30.7) 434 (43.9)

G4 (nondifferentiated) 49 (1.3) 12 (1.2)

GX (undetermined) 429 (11.0) 100 (1.1)

Hormone receptor status

ER+/PR+ 2206 (56.6) 397 (4.2)

<.001

ER+/PR− 307 (7.9) 107 (1.8)

ER−/PR+ 89 (2.3) 46 (4.7)

ER−/PR− 741 (19.0) 307 (31.1)

Unknown 556 (14.3) 131 (13.3)

Hormone therapya

Yes 1505 (57.8) 283 (51.5)
.01

No 1097 (42.4) 267 (48.5)

Surgery type

Breast conserving 2507 (64.3) 647 (65.5)
.49

Mastectomy 1392 (35.7) 341 (34.5)

With immediate reconstruction 172 (12.4) 41 (12.0) .87

Chemotherapy

Preoperative (neoadjuvant) 215 (5.5) 85 (8.6)

<.001Postoperative (adjuvant) 2596 (66.6) 718 (72.7)

No 1088 (27.9) 185 (18.7)

Radiotherapy

Preoperative (neoadjuvant) 31 (0.8) 18 (1.8)

.001Postoperative (adjuvant) 2713 (69.6) 714 (72.3)

No 1155 (29.6) 256 (25.9)

Surveillance mammogram

Yes 1751 (44.9) 414 (41.9)
.09

No 2148 (55.1) 574 (58.1)

Comorbid conditions

None 3248 (83.3) 786 (79.6)

.011 487 (12.5) 157 (15.9)

≥2 164 (4.2) 45 (4.6)

Vital status

Died (all cause) 334 (8.6) 115 (11.6)
.002

Alive 3565 (91.4) 873 (88.4)

Abbreviations: AJCC, American Joint
Committee on Cancer; ER, estrogen
receptor; PR, progesterone receptor.
a Hormone therapy for women with

hormone receptor–positive tumors
(ER+ or PR+).
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Although NHB patients experienced longer TTS, the de-
lays did not appear to account for a higher risk of all-cause mor-
tality for NHB compared with NHW women. This may be re-
lated to the dilution of TTS-associated outcomes because the
racial discrepancy in TTS was observed only at the 75th and
90th percentiles. To assess this possibility, we stratified the
analysis by median TTS among patients with BCS, in whom ra-
cial differences in survival were found. We noted a slight at-
tenuation in the HR comparing NHB with NHW women among

patients with a TTS greater than the median, the group that
had racial differences in TTS, after adding TTS to the model
(eTable in the Supplement). We also explored whether differ-
ences in tumor phenotype or time to initiation of adjuvant che-
motherapy after surgery may lead to different associations. Al-
though sample sizes were relatively small in each stratum, the
results for the association of TTS with overall survival re-
mained similar by ER and PR status (data not shown). For pa-
tients with adjuvant treatment, we found longer time be-

Table 2. Quantile Regression Estimated Racial Difference in Time to Surgery Across Percentiles for Women
With a Diagnosis of Breast Cancer in the US Military Health System, 1998-2007

Surgery Type and
Time to Surgery,
Percentile

Time to Surgery by Race/Ethnicity,
(95% CI), d

Model-Estimated Difference (95% CI):
Non-Hispanic Black − Non-Hispanic White

Non-Hispanic White Non-Hispanic Black Unadjusted Adjusteda

Breast conserving
or mastectomy
(n = 4887)

25th 7 (5.6 to 8.4) 6 (1.6 to 10.4) −1.0 (−6.6 to 4.6) −0.6 (−2.1 to 0.9)

50th 21 (20.6 to 21.4) 22 (20.6 to 23.4) 1.0 (−0.2 to 2.2) 1.3 (−0.2 to 2.9)

75th 35 (34.0 to 36.0) 39.5 (35.7 to 42.3) 4.0 (0.7 to 7.2)b 3.6 (1.6 to 5.5)b

90th 60 (55.3 to 64.7) 92 (75.9 to 108.0) 32 (12.3 to 51.7)b 8.9 (5.1 to 12.6)b

Breast conserving
(n = 3154)

25th 0 (0 to 0) 0 (0 to 0) 0 (0 to 0) 0 (−0.4 to 0.4)

50th 18 (16.9 to 19.1) 19 (16.5 to 21.5) 1.0 (−2.0 to 4.0) 2.0 (0.0 to 4.0)

75th 31 (29.2 to 32.8) 33 (30.1 to 35.9) 2.0 (−1.5 to 5.5) 3.5 (0.9 to 6.1)b

90th 48 (45.5 to 50.5) 57 (49.1 to 64.9) 9.0 (−0.7 to 18.7) 7.9 (3.6 to 12.1b

Mastectomy
(n = 1733)

25th 15 (14.2 to 15.8) 14 (12.5 to 15.5) −1.0 (−2.8 to 0.8) −0.3 (−3.5 to 2.8)

50th 26 (24.4 to 27.6) 29 (25.7 to 32.3) 3.0 (−0.7 to 6.7) 2.0 (−0.8 to 4.9)

75th 43.5 (40.4 to 47.6) 64 (52.2 to 75.8) 20.0 (5.7 to 34.3)b 4.1 (−0.1 to 8.5)

90th 102 (86.5 to 117.5) 149 (125.9 to 172.1) 47.0 (24.2 to 69.8)b 9.2 (0.8 to 17.5)b

a Model adjusted for age, marital
status, active duty status, military
service/sponsor branch, care
source, benefit type, TRICARE
region, year of diagnosis, tumor
stage, tumor grade, hormone
receptor status, preoperative
chemotherapy or radiotherapy, and
comorbid conditions. (See the
Study Variables subsection of the
Methods section for a description
of the variable levels.)

b P < .05.

Table 3. Multivariable Quantile Regression–Estimated Racial Difference in Time to Treatment
Across Percentiles by Neoadjuvant Treatment Status for Women With a Diagnosis of Breast Cancer
in the US Military Health System, 1998-2007

Treatment Interval,
Percentile

Time by Race/Ethnicity (95% CI), d
Model-Estimated
Difference (95% CI)aNon-Hispanic White Non-Hispanic Black

Patients With Neoadjuvant Treatment

Time to neoadjuvant
treatment

25th 13 (11.2 to 14.8) 18 (13.2 to 22.8) 4.3 (0.6 to 8.0)b

50th 22 (19.5 to 24.5) 24 (20.1 to 27.8) 3.5 (−0.9 to 7.8)

75th 32 (28.0 to 35.9) 36 (30.9 to 41.1) 2.3 (−3.2 to 7.8)

90th 50 (43.3 to 56.7) 45 (36.7 to 53.3) −2.8 (−12.1 to 6.6)

Time to surgery

25th 100 (91.5 to 108.5) 91 (71.5 to 110.5) −13.1 (−29.8 to 3.6)

50th 133 (127.0 to 138.9) 142 (128.1 to 155.9) −12.2 (−28.8 to 4.3)

75th 166 (157.4 to 174.6) 177 (164.9 to 189.1) 9.3 (−10.2 to 28.9)

90th 201 (187.5 to 214.4) 214 (176.9 to 251.1) 24.2 (−2.7 to 51.2)

Patients Without Neoadjuvant Treatment

Time to surgery

25th 6.0 (4.3 to 7.7) 0.0 (−3.3 to 3.3) 0.4 (−0.7 to 1.5)

50th 20.0 (19.4 to 20.6) 20.0 (18.4 to 21.6) 1.9 (0.3 to 3.5)b

75th 33.0 (31.7 to 34.3) 34.0 (31.5 to 36.5) 3.1 (0.8 to 5.4)b

90th 47.0 (45.1 to 48.9) 52.0 (47.7 to 56.3) 7.6 (3.5 to 11.7)b

a Model adjusted for age, marital
status, active duty status, military
service/sponsor branch, care
source, benefit type, TRICARE
region, year of diagnosis, tumor
stage, tumor grade, hormone
receptor status, surgery type, and
comorbid conditions. (See the
Study Variables subsection of the
Methods section for a description
of the variable levels.)

b P < .05.
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tween surgery and adjuvant chemotherapy for NHB compared
with NHW women. However, the addition of time to adju-
vant chemotherapy in the multivariable Cox model contain-
ing key variables and TTS did not affect the HR estimates of
all-cause death associated with race.

The difference in relative mortality risk associated with race
by surgery type may be related to variation in characteristics of
women eligible for BCS compared with mastectomy and under-
lying all-cause mortality risk. Patients receiving BCS may have
earlier tumor stages16,17 and may be more likely to die of compet-
ing risks (ie, comorbid conditions) rather than breast cancer. In
our data, NHB women were more likely to have comorbidities,
which may be reflected in our outcome of all-cause death, al-
thoughweadjustedforcomorbidities intheanalysis.Meanwhile,
mastectomy is recommended for later-stage or poorly differen-
tiated tumors,16,17 and mortality among patients receiving mas-
tectomy may be more likely to be associated with breast cancer
or its treatment. In our data, NHB patients tended to have more
aggressive tumor features (ER−/PR−) but had similar time to ini-
tiation of neoadjuvant treatment and were equally likely to re-
ceive adjuvant chemotherapy or radiotherapy among patients
receiving mastectomy (data not shown). Probably as a result of
the combined effects of tumor features and breast cancer treat-
ment, no racial differences in survival were observed among
women receiving a mastectomy.

Limitations
To the best of our knowledge, this is the first study to evalu-
ate racial differences in breast cancer TTS and its potential as-

sociations with disparities in overall survival by using com-
prehensive data from a universal health care system. Despite
the strengths and implications for future research, our study
had limitations. First, with no consensus guidelines on sur-
gery timing,11 the clinical significance of racial differences in
TTS observed in this study is unclear. Second, we were lim-
ited to all-cause death as the study outcome owing to incom-
plete data on breast cancer–specific death. Third, the rela-
tively short follow-up period may have prevented observation
of sufficient outcomes to evaluate the associations of TTS with
racial differences in overall survival. Fourth, we cannot rule
out the potential effects of unknown clinical details, such as
ERBB2 (formerly HER2 or Her2/neu) status, on our results.
Fifth, as with any administrative data, possible errors in cod-
ing and recording could result in inaccurate determination of
diagnostic and treatment intervals. Nevertheless, such errors
might not be differential by race and thus might not substan-
tially affect our results.

Conclusions
In the universal access MHS, NHB women had longer TTS than
NHW women. However, surgical delays did not appear to ex-
plain observed racial disparities in survival. Future research
on factors that influence surgical decisions, treatment de-
lays, and short-term and long-term clinical outcomes is war-
ranted to better understand racial disparities in breast cancer
treatment and overall survival.
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