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Objective. To examine whether hospitals where patients obtain care explain racial/
ethnic differences in treatment delay.
Data Source. Surveillance, Epidemiology, and End Results data linked with Medi-
care claims.
Study Design. We examined delays in adjuvant chemotherapy or radiation for
women diagnosed with stage I–III breast cancer during 1992–2007. We used
multivariable logistic regression to assess the probability of delay by race/ethnicity
and included hospital fixed effects to assess whether hospitals explained
disparities.
Principal Findings. Among 54,592 women, black (11.9 percent) and Hispanic (9.9
percent) women had more delays than whites (7.8 percent, p < .0001). After adjust-
ment, black (vs. white) women had higher odds of delay (odds ratio = 1.25, 95 percent
confidence interval = 1.10–1.42), attenuated somewhat by including hospital fixed
effects (OR = 1.17, 95 percent CI = 1.02–1.33).
Conclusions. Hospitals are the important contributors to racial disparities in treat-
ment delay.
Key Words. Breast cancer, delays, disparities

Racial disparities in the receipt of breast cancer care are well documented and
likely contribute to the worse outcomes of minority women (Bickell et al.
2006; Griggs et al. 2007; Gross et al. 2008; Freedman et al. 2009, 2010).
In addition to differences in treatment receipt, black and Hispanic women are
more likely to have delays in treatment initiation (Gwyn et al. 2004; Gorin
et al. 2006; Lund et al. 2007; Fedewa et al. 2010), which have been associated
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with poorer outcomes and increased mortality (Richards et al. 1999a,b;
Hershman et al. 2006a,b). Although patient factors such as treatment prefer-
ences and provider mistrust (Bickell et al. 2009) may lead to racial disparities
in treatment, provider and institutional factors likely also play an important
role.

Growing evidence suggests that the hospitals where patients receive care
may influence racial disparities in rates of surgery and outcomes for cardiovas-
cular disease and other conditions (Barnato et al. 2005; Jha et al. 2005; Skin-
ner et al. 2005; Liu et al. 2006; Lucas et al. 2006; Lathan, Neville, and Earle
2008; Regenbogen et al. 2009). Data also suggest that the hospital factors are
important contributors to racial disparities in receipt of definitive local therapy
for breast cancer (Keating et al. 2009) and in mortality for breast cancer and
other cancers (Morris et al. 2006; Zhang, Ayanian, and Zaslavsky 2007; Bres-
lin et al. 2009).

In this analysis, we assessed adjuvant treatment delays by race/ethnicity
for older women with breast cancer and further assessed whether hospitals
where women receive care explained such disparities.

PATIENTS ANDMETHODS

Data Source

We used Surveillance, Epidemiology, and End Results (SEER)-Medicare
data for this analysis. The SEER program of the National Cancer Institute
reports information from population-based registries in areas representing
28 percent of the U.S. population (Howlader et al. 2011). SEER registrars
uniformly report information from medical records on patient demograph-
ics, tumor characteristics, treatment utilization, and mortality for all incident
cancers. Since 1991, SEER data have been linked with Medicare adminis-
trative data for Medicare-eligible patients, successfully matching over 93
percent of persons aged � 65 in the SEER registry (Warren et al. 2002;
SEER-Medicare n.d.). These data were also linked with hospital characteris-
tics from Medicare Cost Reports. Because this study used previously col-
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lected, de-identified data, this study was deemed exempt for review by the
Harvard Medical School Committee on Human Studies and the Dana-Far-
ber Cancer Institute Office for Human Research Studies.

Study Cohort

We identified women aged � 66 with a first invasive breast cancer (with
histology likely to be treated by routine guidelines) diagnosed during
1992–2007 and who were enrolled in Parts A and B fee-for-service Medi-
care and not a health maintenance organization (HMO, excluded because
claims for HMO patients are not available) during the 12 months before
diagnosis (n = 173,824). We excluded women diagnosed at autopsy, with
bilateral breast cancer, and those not continuously enrolled in Parts A and
B of fee-for-service Medicare or otherwise missing claims around the time
of diagnosis, and we focused on women with stage I-III cancers who
underwent cancer-directed surgery, including mastectomy, and breast con-
serving surgery (Figure 1). We created a cohort of non-Hispanic white,
non-Hispanic black, and Hispanic women with stage I–III cancers who
underwent breast surgery in hospitals located within SEER areas. We
included only women who had an initial chemotherapy claim within
1 year of diagnosis or a first radiation claim within 270 days after surgery
or both to focus on women already selected for adjuvant therapy. We then
examined treatment delays within this final cohort of 54,592 patients trea-
ted at 685 hospitals.

Definition of Variables

Dependent Variable. Delay in adjuvant therapy. We defined delay in adjuvant
chemotherapy or radiation therapy (in sensitivity analyses we assessed
each separately). We defined chemotherapy delay as a first chemotherapy
claim >90 days after breast surgery (Hershman et al. 2006b; Fedewa et al.
2010). Women who received preoperative chemotherapy (n = 1,424) were
considered to have received timely therapy. Claims for chemotherapy
were determined if patients had an inpatient code for chemotherapy
(99.25, International Classification of Diseases, 9th edition) or at least one
J Code for a chemotherapeutic agent used in the adjuvant breast
cancer setting: cyclophosphamide, anthracyclines, carboplatin, docetaxel,
5-fluorouracil, methotrexate, paclitaxel, and trastuzumab. Radiation delay
was defined as a first radiation claim (after BCS or mastectomy) >90 days
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after BCS if no chemotherapy was administered and >90 days after the
final chemotherapy claim if chemotherapy was administered (Richards
et al. 1999b).

Independent Variables. Our independent variable of interest was race/ethnicity,
defined based on the medical record information with Hispanic ethnicity
information supplemented with information on birthplace and Hispanic sur-
name (NAACCR Latino Research Group 2005) and categorized as non-His-
panic white, non-Hispanic black, or Hispanic. Control variables included age
(66–70, 71–75, 76–80, � 81), socioeconomic status (SES) (percent with high
school diploma and median income based on Census tract of residence from
U.S. Census data, in quartiles), marital status (unmarried, married, unknown),
comorbidity (Charlson index, categorized as 0, 1, � 2) (Charlson et al. 1994;
Klabunde et al. 2000), year of diagnosis (1992–1995, 1996–1999, 2000–2003,
2004–2007), tumor size (� 2 cm, 2.1–3 cm, >3 cm, unknown), number of

Figure 1: Study Inclusions and Exclusions
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positive lymph nodes (0, 1–3, 4–9, �10, unknown), disease stage (I, II, III),
tumor grade (well differentiated, moderately differentiated, poorly differenti-
ated, unknown), hormone receptor status (positive if estrogen receptor [ER] or
progesterone receptor [PR] positive, negative if ER and PR negative, and
unknown if ER/PR unknown, ER-negative/PR unknown, or ER-unknown/
PR-negative), surgery received (BCS or mastectomy, defined by registry data
and Medicare claims) (2002; Cooper et al. 2002; Keating et al. 2009), SEER
registry, and location of residence (major metropolitan area, metropolitan
county, urban, less urban, rural).

Statistical Analyses

We first used chi-square tests to compare rates of adjuvant treatment delay by
patient characteristics. We then performed a logistic regression model for
treatment delay with generalized estimating equations (GEE) to account for
clustering at the level of the hospital where patients underwent surgery. We
examined the association of race/ethnicity with treatment delay, including the
patient, and tumor variables described above. To determine whether hospital
effects explained racial/ethnic differences in delay, we then performed a sec-
ond model where we also included hospital fixed effects. We included an
individual hospital fixed effect for each hospital with 30 or more patients;
hospitals with fewer patients were categorized as less than <10, 10–19, and
20–29 eligible patients. In exploratory analyses, we then ranked hospitals by
their t-statistics for treatment delay (categorized in quartiles) and assessed
whether hospitals with greater delays differed from other hospitals based on
breast cancer surgical volume, bed size, profit status, urban/rural location,
American College of Surgeons, or Radiation Therapy Oncology Group
affiliations using the chi-square test.

We next performed several sensitivity analyses for the GEE and fixed
effects models. First, because older women are less likely to receive chemo-
therapy (Giordano et al. 2006; Buist et al. 2009) and radiation (Freedman
et al. 2009) than younger women and because higher stage patients may
arguably benefit from timely treatments more than lower stage patients, we
repeated analyses after restricting to patients aged � 70 (n = 16,128) and
after restricting to stage II-III patients only (n = 23,482). To assess the inde-
pendent contributions of radiation and chemotherapy delays, we also per-
formed a separate set of models for (1) delay in chemotherapy and (2) delay
in radiation among separate cohorts of women who received each treatment
modality.
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RESULTS

Patient Characteristics

Among 54,592 women with breast cancer treated at 685 hospitals, 7 percent
were black, 4 percent were Hispanic, and 89 percent were white. Black and
Hispanic women were more likely to be unmarried and to live in areas with
lower high school graduation rates and lower household median income
(Table 1). White women had more favorable-grade cancers, smaller tumors,
and less nodal involvement. Charlson comorbidity scores were generally
highest for black women.

Treatment Delay

Overall, 8.1 percent of women experienced a treatment delay, and this
occurred more frequently for black (11.9 percent) and Hispanic women (9.9
percent) compared with white women (7.8 percent) (p < .0001). In hospitals
with <10 eligible patients, 13.5 percent experienced delay compared with 7.8
percent of women in hospitals with � 30 patients (p < .0001). In adjusted anal-
yses, compared with white women, black women had higher odds of treat-
ment delay (adjusted odds ratio [OR] = 1.25, 95 percent confidence interval
[CI] = 1.10–1.42, p = .001). Hispanic women also had higher odds for delay
(OR = 1.14, 95 percent CI = .98–1.33, p = .09), although this finding was not
statistically significant (Table 2). After inclusion of hospital fixed effects, the
findings for race were attenuated (OR = 1.17, 95 percent CI = 1.02–1.33),
with hospitals explaining 32 percent of the differences in black versus white
women.

When we explored characteristics of hospitals with more or fewer
treatment delays, the hospitals in the quartile with the highest rates of
delay more often were smaller, had lower breast cancer surgical volume,
were not-for-profit, located in rural areas, and were less likely to be
American College of Surgeons–approved cancer centers. They also had
fewer cooperative group affiliations (all p < .05). Hospitals with higher
probability of delay also had a higher proportion of black women treated
for breast cancer compared with hospitals that had fewer delays
(p < .0001).

Several other factors were significantly associated with treatment delay
in the base model. Married (vs. unmarried) women had fewer treatment
delays (OR = 0.82, 95 percent CI = .77–.88). Factors associated with higher
odds of treatment delays included Charlson comorbidity scores 1 and � 2
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Table 1: Patient Characteristics for Treatment Cohort [n = 54,592] (n, %)*

Characteristic
White
(n = 48,626)

Black
(n = 3,623)

Hispanic
(n = 2,343) p-Value

Age
66–70 14,027 (29) 1,253 (35) 848 (36) <.0001
71–75 14,145 (29) 1,096 (30) 735 (31)
76–80 11,747 (24) 751 (21) 464 (20)
81–85 6,404 (13) 375 (10) 222 (9)
>85 2,303 (5) 148 (4) 74 (3)

Socioeconomic status
Median income
Quartile 1 (lowest) 8,646 (18) 2,142 (59) 931 (40) <.0001
Quartile 2 11,573 (24) 806 (22) 618 (26)
Quartile 3 12,948 (27) 409 (11) 467 (20)
Quartile 4 (highest) 15,089 (31) 246 (7) 314 (13)

High school (HS) diploma rates
Quartile 1 (areas w/lowest HS graduation
rates)

8,219 (17) 2,018 (56) 1,225 (52) <.0001

Quartile 2 11,705 (24) 887 (24) 515 (22)
Quartile 3 13,231 (27) 471 (13) 350 (15)
Quartile 4 (highest HS graduation rates) 15,101 (31) 227 (6) 240 (10)
Unknown socioeconomic status (zip code) 370 (0.8) 20 (0.6) 13 (0.6)

Marital status
Married 23,342 (48) 999 (28) 964 (41) <.0001
Single 23,772 (49) 2,484 (69) 1,322 (56)
Unknown 1,512 (3) 140 (4) 57 (2)

Charlson comorbidity
0 43,213 (89) 2,807 (77) 1,979 (84) <.0001
1 3,652 (8) 486 (13) 236 (10)
� 2 1,761 (4) 330 (9) 128 (5)

Year of diagnosis
1992 1,623 (3) 137 (4) 80 (3) <.0001
1993 1,618 (3) 129 (4) 46 (2)
1994 1,665 (3) 121 (3) 73 (3)
1995 1,746 (4) 147 (4) 69 (3)
1996 1,758 (4) 122 (3) 85 (4)
1997 1,878 (4) 139 (4) 82 (4)
1998 1,887 (4) 141 (4) 79 (3)
1999 2,001 (4) 146 (4) 93 (4)
2000 4,257 (9) 313 (9) 199 (8)
2001 4,439 (9) 290 (8) 182 (8)
2002 4,519 (9) 304 (8) 179 (8)
2003 4,358 (9) 343 (9) 223 (10)
2004 4,418 (9) 347 (10) 212 (9)
2005 4,139 (9) 324 (9) 269 (11)
2006 4,183 (9) 303 (8) 241 (10)
2007 4,137 (9) 317 (9) 231 (10)

continued
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Table 1. Continued

Characteristic
White
(n = 48,626)

Black
(n = 3,623)

Hispanic
(n = 2,343) p-Value

Tumor size
� 2 cm 22,455 (46) 1,323 (37) 857 (37) <.0001
2.1–3.0 cm 5,013 (10) 447 (12) 273 (12)
>3 cm 3,934 (8) 518 (14) 245 (10)
Unknown 17,224 (35) 1,335 (37) 968 (41)

Number of nodes positive
0 29,037 (60) 1,857 (51) 1,288 (55) <.0001
1–3 8,255 (17) 764 (21) 474 (20)
4–9 2,972 (6) 362 (10) 209 (9)
� 10 1,578 (3) 157 (4) 95 (4)
Unknown 6,784 (14) 483 (13) 277 (12)

Stage at diagnosis
I 28,382 (58) 1,598 (44) 1,130 (48) <.0001
II 16,491 (34) 1,549 (43) 963 (41)
III 3,753 (8) 476 (13) 250 (11)

Tumor grade
Well differentiated 10,931 (22) 499 (14) 462 (20) <.0001
Moderately differentiated 19,899 (41) 1,201 (33) 893 (38)
Poorly differentiated/undifferentiated 13,146 (27) 1,466 (40) 756 (33)
Unknown 4,650 (10) 457 (13) 232 (10)

Hormone receptor status
Hormone receptor-positive 23,004 (47) 1,369 (38) 899 (38) <.0001
Hormone receptor-negative 3,864 (8) 494 (14) 208 (9)
Unknown receptor status 21,758 (45) 1,760 (49) 1,236 (53)

Surgery received
Mastectomy 13,036 (27) 1,426 (39) 818 (35) <.0001
Breast conserving surgery 35,590 (73) 2,197 (61) 1,525 (65)

SEER registry
Connecticut 6,392 (13) 200 (6) 131 (6) <.0001
Detroit 5,348 (11) 1,028 (28) 57 (2)
NewMexico 1,154 (2) † 264 (11)
Seattle 4,728 (10) 58 (2) 24 (1)
Atlanta and rural Georgia 1,966 (4) 430 (12) 28 (1)
Kentucky 2,835 (6) † †

Louisiana 2,227 (5) 461 (13) 20 (9)
New Jersey 6,401 (13) 515 (14) 211 (9)
California 17,575 (36) 796 (22) 1,599 (68)

County
Major metropolitan 32,499 (67) 2,887 (80) 1,560 (67) <.0001
Metropolitan 11,747 (24) 570 (16) 618 (26)
Urban 2,474 (5) 81 (2) 60 (3)
Less urban 1,623 (3) † †

Rural 283 (0.6) † †

*Differences examined using chi-square testing. Percentages within categories may not sum to
100% due to rounding.
†Cell sizes suppressed for reasons of confidentiality if at least one column and/or row had sample
sizes <11.
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(vs. score 0, OR = 1.42, 95 percent CI = 1.30–1.56 and OR = 1.70, 95
percent CI = 1.51–1.92, respectively), rural residence (vs. major
metropolitan, OR = 1.79, 95 percent CI = 1.26–2.54), tumors >3 cm (vs.
� 2 cm, OR = 1.36, 95 percent CI = 1.20–1.55), high-grade cancers (vs.
low grade, OR = 1.24, 95 percent CI = 1.12–1.36), stage II or III disease
(vs. stage I, OR = 1.40, 95 percent CI = 1.26–1.56 and OR = 1.44, 95 per-
cent CI = 1.21–1.71, respectively), and older age (vs. 66–70, OR = 1.10, 95
percent CI = 1.01–1.21 [age 71–75]; OR = 1.30, 95 percent CI = 1.17–1.44
[age 76–80]; OR = 1.92, 95 percent CI = 1.73–2.14 [age >80]). Year of diag-
nosis was also associated with treatment delay. Compared with women
diagnosed in 1992–1995, women diagnosed in 1996–1999 (OR = .81, 95
percent CI = .72–.91) and 2000–2003 (OR = .69, 95 percent CI = .61–.78)
had lower odds of treatment delay; however, odds of delay were similar to
1992–1995 for women diagnosed in 2004–2007 (OR = 1.15, 95 percent
CI = .73–1.81).

In sensitivity analyses, results for race/ethnicity were similar after
restriction to women aged � 70 and after restriction to stage II–III patients
only, black (vs. white) women had nonsignificantly higher odds of delay.
In the models where we examined radiation delay and chemotherapy delay
separately, results were similar (black vs. white women had higher odds of
radiation delay [OR = 1.30, 95 percent CI = 1.11–1.52] and chemotherapy
delay [OR = 1.28, 95 percent CI = .97–1.70]. In these sensitivity models, all
associations were attenuated when accounting for hospital fixed effects (results
not shown).

Table 2: Adjusted Odds for Treatment Delay by Race/Ethnicity in General-
ized Estimating Equations (GEE) GEE and Fixed Effects Models

Characteristic
Model 1
(GEE, Patient Characteristics)*

Fixed Effects
(Patient Characteristics + Hospitals)†

Race/ethnicity
White 1.00 1.00
Black 1.25 (1.10, 1.42) 1.17 (1.02, 1.33)
Hispanic 1.14 (0.98, 1.33) 1.07 (0.92, 1.25)

*Using logistic regression with GEE to account for clustering at hospital level with inclusion of
variables above and adjusted for age, income, percent without high school diploma, marital status,
Charlson score, year of diagnosis, tumor size, number of nodes positive, stage, tumor grade, hor-
mone receptor status, surgery, SEER registry, and county.
†Using fixed effects model with the variables above in addition to hospitals categorized by number
of patients eligible for radiation (<10, 10–19, 20–29, and individual hospitals for those with � 30
patients).
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DISCUSSION

In this population-based analysis of older women with breast cancer, we
found differences in the likelihood of treatment delay by race/ethnicity,
particularly for black women compared with white women. Inclusion of
fixed effects for the hospitals where patients obtained surgery partially
attenuated the association of race with receipt of timely therapy, suggesting
that hospitals where patients are treated are important contributors to the
observed disparities.

Although understanding the barriers to cancer care delivery is crucial,
how to optimally characterize hospitals and the quality of care they provide
has proved challenging, because of the complexity that comes with heteroge-
neous patient populations, cancer treatments, and health care settings. Prior
studies have highlighted the impact of hospital factors on receipt of cancer
care and long-term outcomes, including mortality, although differing defini-
tions of hospital quality make generalizing results difficult. One study has sug-
gested that hospital breast cancer quality, defined predominantly by surgical
volume, was associated with improved 5-year survival for patients with breast
cancer (Breslin et al. 2009). This analysis also reported that hospitals treating
lower proportions of black breast cancer patients have lower mortality rates.
Studies in patients with colon cancer have also observed that black patients,
poor patients, and those with more comorbidities are more likely to receive
care at lower volume centers, and that these centers have higher risk-adjusted
30-day mortality (Zhang, Ayanian, and Zaslavsky 2007). There is also some
suggestion that differences in mortality for patients with colon cancer substan-
tially diminish when analyses are adjusted for hospital volume (Rhoads et al.
2008; Breslin et al. 2009). We observed that hospitals were important contrib-
utors to treatment delays, and also observed that lower volume centers, those
who serve a higher proportion of black patients, and those in rural areas
tended to have higher rates of treatment delays.

Our results suggest that interventions directed at the hospitals where
patients obtain surgery, which is often the initial point-of-contact for cancer-
directed treatments, could improve the timely receipt of recommended care.
To accomplish this, efforts will likely require multifaceted and tailored
approaches for hospitals in need rather than broad programs across all hospi-
tals (Trivedi et al. 2005; Sequist et al. 2006) and could include interventions
such as tracking the time from surgery to initiation of treatment or triggering
providers and/or patients when delays in care are impending. Nevertheless,
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the increased risk of delay even after accounting for hospital fixed effects sug-
gests that within-hospital disparities remain important as well.

Our findings of higher odds of treatment delay in older patients, those
with more comorbidities, and those from rural areas were not surprising
given the challenges associated with competing medical problems and long
travel distances for such patients. Furthermore, rural, lower volume centers
may have fewer resources directed to the specialized care required for
patients with breast cancer, necessitating centers to prioritize treatment of
“higher risk” or possibly younger patients and postpone treatment for others.
Our observations that women with larger tumors and more advanced stage
disease have higher odds of delay may be related to unmeasured confounders
that also predispose women to delays in diagnosis, such as competing stres-
sors or poor access to care because of physical, financial, or cultural barriers.
Further study will be required to understand the relationship between disease
stage and treatment delay. Over time, the odds of delay declined in the late
1990s and early 2000s but were back to levels of the early 1990s during
2004–2007, despite increasing national attention focused on reducing dispari-
ties in care.

We acknowledge several study limitations. First, our study was limited
to older women insured by fee-for-service Medicare who resided in SEER
areas only, which may limit generalizability. However, our findings were
consistent after restricting the cohort to the youngest Medicare beneficiaries.
Furthermore, our analysis captured care for over 50,000 women treated
nationally using a population-based registry. Second, we did not have infor-
mation on individualized SES, patient preferences, or reasons for treatment
delay. In addition, information on potential confounders such as comorbidity
was ascertained based on administrative data. Third, there may be unmea-
sured confounding factors in hospitals that may influence our findings. Finally,
we studied delays in adjuvant therapies that are typically delivered in the out-
patient setting, yet we attributed the care to the hospitals where women under-
went surgery. However, other research suggests that physicians cluster around
hospitals and that outpatient care is often impacted by initial cancer manage-
ment (and surgery) (Zhang, Ayanian, and Zaslavsky 2007), such as the obser-
vations of associations of hospital surgical volume with 5-year survival
(Breslin et al. 2009).

In conclusion, hospitals where patients underwent surgery were asso-
ciated with treatment delay in our analysis and impacted the observed
disparities in treatment delay for black women. In addition to further
defining patient and provider factors that contribute to disparities in breast
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cancer care, specific efforts to better understand and improve upon the
delivery of timely, high-quality care will ultimately lead to optimized
cancer-related outcomes.
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