Cancer Causes & Control (2019) 30:1171-1182
https://doi.org/10.1007/5s10552-019-01222-x

ORIGINAL PAPER q

Check for
updates

Do breast quadrants explain racial disparities in breast cancer
outcomes?

Yunan Han'2 . Justin Xavier Moore' . Marvin Langston'* - Lindsay Fuzzell'* - Saira Khan'® - Marquita W. Lewis’ -
Graham A. Colditz'’ - Ying Liu'’

Received: 30 January 2019 / Accepted: 16 August 2019 / Published online: 27 August 2019
© Springer Nature Switzerland AG 2019

Abstract

Purpose Tumors of the inner quadrants of the breast are associated with poorer survival than those of the upper-outer
quadrant. It is unknown whether racial differences in breast cancer outcomes are modified by breast quadrant, in addition to
comparisons among Asian subgroups.

Methods Using the Surveillance, Epidemiology, and End Results database, we analyzed data among women diagnosed with
non-metastatic invasive breast cancer between 1990 and 2014. We performed Cox proportional hazards regression models
to assess the associations of race with breast cancer-specific survival and overall survival, stratified by breast quadrants.
The models were adjusted for age, year of the diagnosis, tumor size, grade, histological type, tumor laterality, lymph node,
estrogen receptor, progesterone receptor, and treatments.

Results Among 454,154 patients (73.0% White, 10.0% Black, 7.8% Asian/PI, and 9.2% Hispanic), 54.3% had tumors diag-
nosed in the upper-outer quadrant of the breast. Asian/PI women were more likely than White to have tumors diagnosed in
the nipple/central portion of the breast and were less likely to have diagnosed in the upper-outer quadrant (P <0.001), despite
a similar distribution of breast quadrant between Black, Hispanic, and White women. Compared with White women, the
multivariable-adjusted hazard ratios of breast cancer-specific mortality were 1.41 (95% CI 1.37-1.44) in Black women, 0.82
(95% C10.79-0.85) in Asian women, and 1.05 (95% CI 1.02-1.09) in Hispanic women. Among Asian subgroups, Japanese
American women had a lower risk of breast cancer-specific mortality (HR =0.68, 95% CI 0.62-0.74) compared with White
women. Overall survival was similar to breast cancer-specific survival in each race group. The race-associated risks did not
vary significantly by breast quadrants for breast cancer-specific mortality and all-cause mortality.

Conclusions Differences in breast cancer survival by race could not be attributed to tumor locations. Understanding the cul-
tural, biological, and lifestyle factors that vary between White, African American, and ethnic subgroups of Asian American
women may help explain these survival differences.
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CI Confidence interval
ER Estrogen receptor

HR Hazard ratio

NOS Not otherwise specified

(0N} Overall survival

PI Pacific Islander

PR Progesterone receptor

SEER  Surveillance, Epidemiology, and End Results
Introduction

About one in eight American women will be diagnosed with
breast cancer during their lifetime [1]. Incidence of breast
cancer is higher among White women (130 per 100,000)
compared with Black, Asian American/Pacific Islander (PI)
and Hispanic women (126, 93, and 93 per 100,000, respec-
tively) [1]. However, breast cancer mortality rates are higher
in Black women [1-3] and lower in Asian American/PI and
Hispanic American women compared with White women
[1]. In addition, breast cancer is one of the leading causes
of death among American women, accounting for over
41,000 deaths annually [1]. Tumor location in the breast is
an important prognostic factor [4—7]. The upper-outer quad-
rant of the breast is the most prevalent site for breast cancer
[8], likely due to the larger amount of epithelial tissue in
this quadrant compared with other quadrants [9]. Tumors of
the outer breast have shown more favorable outcomes than
other sites [5, 6, 10, 11]. Specifically, women with tumors
of the upper-outer quadrant have better survival compared to
those with tumors of other quadrants [12]. Survival rates are
diminished in patients with tumors of inner quadrant [6] and
tumors of the medial breast [11], likely because these quad-
rants are more difficult to detect by mammography [13, 14].
Moreover, breast cancer lymphatic metastasis goes not only
to the axillary lymph nodes but also to the internal mam-
mary lymph nodes [15], especially for breast cancer located
in inner quadrants of the breast. However, the importance
of internal mammary lymph node biopsy in the accurate
staging and management of breast cancer is controversial
[16], thus lack of monitoring and timely treatment of internal
mammary lymph nodes may lead to worse outcomes.

Race and ethnicity are also associated with breast cancer
survival. Research on breast quadrants in relation to sur-
vival have failed to include race/ethnicity in their analyses
[6, 11], have lumped races of small subpopulations together
as “other”, and/or have not differentiated ethnicities within
Asian/PI populations [17]. The lumping of Asian subpopula-
tions limits the generalizability to these minority groups as
they are very heterogeneous and may have differing associa-
tions with breast cancer survival depending on cultural and
social norms. For example, Igbal et al. reported that Chi-
nese had significant 45% reduced risk of death from breast

@ Springer

cancer compared with non-Hispanic white women following
early stage diagnosis, and Other Asians had significant 39%
reduced risk of death from breast cancer, while Japanese and
south Asians had no significant results [18]. It is plausible
that tumor locations within the breast explain racial differ-
ences in breast cancer survival to some extents.

Therefore, we used nationally representative data of
breast cancer to investigate if differences in breast cancer
survival by race could be attributed to tumor locations. We
did a further examination among subgroups of Asian/PI
women. To our knowledge, no study to date has examined
the association between specific Asian/PI American sub-
populations, breast quadrants, and breast cancer survival.

Methods
Data source and patient population

From the National Cancer Institute’s Surveillance, Epidemi-
ology, and End Results (SEER) database released in April
2018 (November 2017 submission), we identified women
20-79 years old who were diagnosed with stages I-III breast
cancer between 1 January 1990 and 31 December 2014, had
no cancer history, and were followed through 31 December
2015 (n=714,472). The SEER registries cover approxi-
mately 34.6% of the US population [19]. White, Black,
Asian/PI, and Hispanic women accounted for 99% of eligible
cases,therefore, we excluded patients of unknown race and
American Indian/Alaska Natives if they were non-Hispanic
(n=6,819). Regarding the primary tumor sites categorized
based on the International Classification of Diseases for
Oncology (ICD-0-3) codes [20], we included tumors in the
(1) nipple (C50.0) and central (C50.1) portion of breast, (2)
upper-inner quadrant of breast (C50.2), (3) lower-inner quad-
rant of breast (C50.3), (4) upper-outer quadrant of breast
(C50.4), (5) lower-outer quadrant of breast (C50.5), and (6)
axillary tail of breast (C50.6) (n=465,118). We excluded
the cases whose tumors overlapped two or more contiguous
sites or whose tumor point of origin could not be determined
(n=242,535). We excluded unknown laterality and bilateral
cases (n=49) and patients whose follow-up time was less
than 12 months (n=10,915). In total, 454,154 women were
included in our study (Fig. 1). The SEER data contain de-
identified information and were considered exempt by the
institutional review board at Washington University in St.
Louis.

Outcome, exposure, and covariates
The primary outcomes were breast cancer-specific survival

(BCSS) and overall survival (OS). For patients who died
during follow-up, follow-up began at the date of breast
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Female, 20-79 years old at
diagnosis, 1990-2014 diagnosis,
stages I-III breast cancer, no
cancer history, active follow-up
(n=714,472)

Exclusion criteria: unknown race
and American indian/Alaska
native if they were non-Hispanic
(n=6,819)

Non-Hispanic White, non-
Hispanic black, non-Hispanic
Asian/Pacific Islander and
Hispanic women
(n=707,653)

Exclusion criteria: primary tumor
sites are overlapping lesion of
breast, and breast (not otherwise
specified)
(n=242,535)

Primary tumor located in nipple
/central portion of breast, upper-
inner quadrant of breast, lower-
inner quadrant of breast, upper-
outer quadrant of breast, lower-
outer quadrant of breast, and
axillary tail of breast
(n=465,118)

Exclusion criteria: unknown
laterality and bilateral cases
(n=49)

Unilateral cases with known
laterality
(n=465,069)

Exclusion criteria: follow-up time
less than 12 months
(n=10,915)

Adequate follow-up time
(n=454,154)

Fig. 1 Participants flow diagram of the study

cancer diagnosis and ended at the date of death. For
patients that were alive at the study end, follow-up began
on the date of breast cancer diagnosis and continued until
the study end, 31 December 2015.

We classified race/ethnicity into four mutually exclu-
sive categories of (1) non-Hispanic White (hereafter
referred to as White, n=331,418), (2) non-Hispanic Black
(Black, n=45,218), (3) non-Hispanic Asian/PI (Asian/
PI, n=35,623), and (4) Hispanic (n=41,895). Since the
exclusion of Hispanic non-Whites and PIs did not sig-
nificantly change the race-associated survival outcomes,
we combined all Hispanics, regardless of their race, as a
single group and combined non-Hispanic Asians and PIs
as a single group. Asian/PI Americans were further clas-
sified into eight categories similar as previously reported
for these populations [21, 22]: (1) Chinese (n=6,605),
(2) Japanese (n=15,751), (3) Filipino (n=9,080), (4)
Korean (n=2,192), (5) Vietnamese (n=1,984), (6) South
Asian (n=2,693), (7) other Asians (n=4,418), and (8) PI
(n=2,898). South Asians consisted of Asian Indians and
Pakistanis [21]. The “other Asians” consisted of Cambo-
dians, Laotians, Hmong, Thai, and Asian and oriental not
otherwise specified (NOS).

Covariates that were known risk factors for breast can-
cer survival [6, 7, 17] included personal characteristics,
tumor characteristics, and treatment. Covariates included
age (20-39, 40-49, 50-59, 60-69, or 70-79 years) and year
of the diagnosis (1990-1994, 1995-1999, 2000-2004, or
2005-2009, 2010-2014), histopathological features includ-
ing tumor size (<2 cm, 2-5 cm, >5 cm, or unknown), grade
(well differentiated, moderately differentiated, poorly differ-
entiated and undifferentiated, or unknown), and histological
type (IDC, ILC or other histology), laterality of the tumor
(right, or left), lymph node status (negative, positive, or
unknown), estrogen receptor (ER) status (negative, positive,
or unknown), progesterone receptor (PR) status (negative,
positive, or unknown), and treatments including surgery (no
surgical treatment, breast-conserving surgery(BCS) alone,
mastectomy, or unknown), radiation (no/unknown, yes),
and chemotherapy (no/unknown, yes). The SEER registries
collect information on radiation therapy and chemotherapy
given as part of the first course of treatment. Radiation ther-
apy data are classified by the types of radiation received or
“no/unknown—no evidence of radiation was found in the
medical records examined”. Chemotherapy data are cate-
gorized as either “yes—patient had chemotherapy” or “no/
unknown—no evidence of chemotherapy was found in the
medical records examined”. Because of the limitations in
these variables, we could not distinguish between “no treat-
ment” and “unknown”.

Statistical analysis

BCSS and OS were compared across race groups using
Kaplan—Meier plots and the log-rank test. We examined the
proportional hazards assumption for BCSS and OS by race
and did not observe any violation. Therefore, we utilized
Cox Proportional Hazards regression models to assess the
associations between race, breast quadrants, and survival
outcomes, adjusted for the aforementioned covariates. We
formally examined whether breast quadrants were an effect
modifier on the association between race and survival out-
comes by using an interaction term between race and breast
quadrants in Cox Proportional Hazards models. We consid-
ered breast quadrant a non-modifiable factor and were not
interested in the joint effect between breast quadrants and
race [23]. Thus, we stratified all analyses by breast quadrants
to examine whether breast quadrants modify the impact of
race/ethnicity on breast cancer survival outcomes. We fur-
ther examined the associations between Asian/PI ethnicity
and survival outcomes by breast quadrants. Breast quadrants
were collapsed into three categories: (1) nipple and central
portion of breast, (2) inner quadrant (upper-inner quadrant
and lower-inner quadrant), and (3) outer quadrant (upper-
outer quadrant and lower-outer quadrant), to improve the
statistical power of analysis in Asian/PI women.
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We conducted several secondary analyses. First, we
stratified the analysis by age at diagnosis (<50 years
and > 50 years) as a potential proxy for menopausal status.
Second, we stratified the analysis by lymph node status as
lymph node status varies by tumor quadrants (i.e., axillary
tail of breast may be more likely to be lymph node posi-
tive) [17]. Prior studies have reported a poorer BCSS and
OS for tumors of the axillary tail compared with those
of the upper-outer quadrant [17]. Lastly, we performed
analyses mining breast quadrants as the primary exposure
for BCSS and OS, while controlling for race.

We used SAS statistical software (version 9.4; SAS
Institute Inc) for analyses with the exception of the
Kaplan—Meier plots, which was performed in Stata soft-
ware (version 13; StataCorp LP). Statistical significance
was suggested by two-sided P <0.05.

Results

Among 454,154 patients, 331,418 (73.0%) were White,
45,218 (10.0%) were Black, 35,623 (7.8%) were Asian/
PI, and 41,895 (9.2%) were Hispanic. Over half (54.3%)
of the women were diagnosed with breast cancer in the
upper-outer quadrant of the breast. Asian women were
more likely than White women to have tumors diagnosed
at the nipple/central portion of the breast and were less
likely to have tumors diagnosed at the upper-outer quad-
rant of the breast (P <0.001), while there was a similar
distribution of breast quadrants between Black, Hispanic,
and White women (Table 1). The mean age at diagno-
sis was 57.7 years. White women were more likely to be
diagnosed at older ages than women from the other race
groups (P <0.001). Compared with White women, other
racial/ethnic women were significantly more likely to
have large tumors (tumor size > 2 cm), poorly differenti-
ated and undifferentiated tumor. White women were more
likely to have invasive lobular breast cancer (8.2%), while
Asian/PI women were less likely to have invasive lobu-
lar breast cancer (4.9%) compared to other races (Black,
6.0%; Hispanic, 6.9%). Black and Hispanic women were
more likely to have stages II-III breast cancer, and posi-
tive lymph node involvement. Black women (31.7%) were
more likely than the other racial/ethnic women to have
hormone receptor negative (ER— and PR—) breast can-
cer (White 17.4%, Asian/PI 17.9%, and Hispanic 20.9%;
P <0.001). Black women were more likely to undergo
chemotherapy and a large proportion (45.4%) of Asian/PI
women underwent mastectomy, while over half (56.5%)
of White women received radiation therapy.
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Survival outcomes

During the follow-up (mean: 105.5 months), 49,304 (10.9%)
women died of breast cancer and 106,894 (23.5%) women
died due to any cause. The 10-year BCSS was 87.7% and
10-year OS was 77.6%, based on the Kaplan—-Meier esti-
mator of the mortality-free survival probability (data not
shown). There were significant differences by race in BCSS
across all breast quadrants (log-rank test P value: <0.001;
Fig. 2). In general, Black women had the poorest BCSS
rates, while Asian/PI women had the best survival rates
across all breast quadrants (Supplementary Fig. 1). Similar
to BCSS, there were significant differences in OS by race
(data not shown).

Black women had an 81% (Hazard ratio [HR]: 1.81, 95%
confidence interval [CI] 1.76-1.86), and Hispanic women
had a 23% (HR: 1.23, 95% CI 1.19-1.27) increased risk of
breast cancer-specific mortality (BCSM) when compared
to White women in age-adjusted model. The results were
attenuated but still significant after adjusted for patients’
age, year of the diagnosis, laterality of the tumor, tumor
histopathological features including tumor size, grade, his-
tological type, lymph node status, estrogen receptor (ER)
status, progesterone receptor (PR) status, and treatments
including surgery, radiation, and chemotherapy. For exam-
ples, in multivariable-adjusted model, Black women had a
41% (HR: 1.41, 95% CI 1.37-1.44), and Hispanic women
had a 5% (HR: 1.05, 95% CI 1.02-1.09) increased risk of
BCSM when compared to White women. In contrast, Asian
women had an 18% reduced risk of BCSM (HR: 0.82, 95%
CI 0.79-0.85) when compared to White women. However,
the association between race and BCSS did not significantly
vary by breast quadrants (Table 2). We observed that Black
women were at increased risk for BCSM as compared to
White women (nipple and central portion of breast [HR:
1.33, 95% CI 1.22-1.44]; upper-inner quadrant [HR: 1.45,
95% CI 1.36-1.55]; lower-inner quadrant [HR: 1.34, 95%
CI 1.23-1.46]; upper-outer quadrant [HR: 1.44, 95%
CI 1.39-1.50], lower-outer quadrant [HR: 1.32, 95% CI
1.22-1.43], and axillary tail of breast [HR: 1.44, 95% CI
1.15-1.80]). By contrast, Asian/PI women had a consist-
ently decreased risk of BCSM across breast quadrants as
compared to White women (nipple and central portion of
breast [HR: 0.82, 95% CI 0.74-0.91]; upper-inner quadrant
[HR: 0.79, 95% CI 0.72-0.87]; lower-inner quadrant [HR:
0.80, 95% CI 0.70-0.91]; upper-outer quadrant [HR: 0.84,
95% CI 0.80-0.89]; lower-outer quadrant [HR: 0.77, 95%
CI 0.69-0.87]; and axillary tail of breast [HR: 0.90, 95%
CI 0.61-1.35]). Similar associations were observed for OS
(Supplementary Table 1).

We next evaluated the associations between Asian/PI
women and BCSS (Table 3). In multivariable analyses,
the strongest reduction in risk of BCSM was seen among
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Table 1 Age-standardized characteristics of breast cancer cases by race and ethnicity in the SEER Cancer Registries (n=454,154)

Overall (N=454,154) White (N=331,418) Black (N=45218) Asian/PI (N=35,623) Hispanic (N=41,895)

Breast quadrants

Nipple/central portion of
breast

Upper-inner quadrant
Lower-inner quadrant
Upper-outer quadrant
Lower-outer quadrant
Axillary tail of breast
Age at diagnosis, mean year®
(SD)
Age at diagnosis (%)
20-39
40-49
50-59
60-69
70-79

Length of follow-up, mean
month (SD)

Length of follow-up (%)
12-59
60-119
>120

Year of diagnosis
1990-1994
1995-1999
2000-2004
2005-2009
2010-2014

Laterality
Right
Left

Histological subtype
Invasive ductal carcinoma
Invasive lobular carcinoma
Other histology

Grade®
Well differentiated
Moderately differentiated

Poorly differentiated and
undifferentiated

Stage
I
I
I
Tumor size (mm)©
<20
20-50
>50
Lymph nodes status®
Negative

8.6

17.0

8.4

54.3

10.7

1.0
57.7(11.9)

6.3

20.7

274

26.2

19.3
105.5(68.4)

31.8
30.3
37.8

8.8

11.7
25.4
26.1
28.0

49.1
50.9

74.7
7.6
17.7

214
42.1
36.5

51.1
36.8
12.1

64.4
30.5
5.1

68.1

8.5

16.6

8.3

54.9

10.7

1.0
58.7(11.7)

5.1

18.8

27.1

27.6

21.4
109.4(69.3)

29.6
30.2
40.2

9.6

12.1
26.2
25.7
26.4

493
50.7

74.1
8.2
17.7

22.8
43.0
342

533
354
11.2

66.9
28.6
4.5

69.2

7.7

17.0
9.8

53.4

10.8

1.3
55.2(11.9)

9.4
24.6
28.9
23.0
14.1
90.8(63.7)

40.1
30.9
29.0

6.9
9.6
23.6
217.5
323

48.7
51.3

76.5
6.0
17.6

14.2
36.1
49.7

414
42.8
15.7

54.5
37.6
7.9

62.6

10.3

19.7
8.3

50.6

10.4

0.7
55.2(11.7)

8.7
26.1
287
23.1
135
103.4(68.7)

33.6
30.0
36.4

73

12.8
22.0
26.2
31.7

49.3
50.7

78.6
4.9
16.6

20.1
43.7
36.1

51.1
37.7
11.2

62.5
325
5.0

69.9

8.9

17.7
8.2
53.6
10.7
0.8

54.4(12.1)

10.8
26.9
27.5
21.6
13.2

93.9(64.2)

38.3
30.8
30.9

6.2
9.8
229
27.6
33.5

48.5
51.5

74.8
6.9
18.3

19.1
41.1
39.8

449
40.1
15.0

58.0
35.7
6.3

64.0
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Table 1 (continued)

Overall (N=454,154) White (N=331,418) Black (N=45218) Asian/PI (N=35,623) Hispanic (N=41,895)

Positive 31.9 30.8
Estrogen receptor®

Negative 20.8 18.9

Positive 79.2 81.1
Progesterone receptor’

Negative 30.9 28.9

Positive 69.1 71.1
Hormone receptor®

Negative (ER— and PR—) 19.2 17.4

Positive (ER+/PR+) 80.8 82.6
Surgery"

None 1.3 1.0

Breast-conserving surgery'  59.3 60.4

Mastectomy! 394 38.5
Radiation

No/unknown 44.7 43.5

Yes 55.3 56.5
Chemotherapy

No/unknown 57.0 58.4

Yes 43.0 41.6

374 30.1 36.0
33.7 19.4 22.5
66.3 80.6 71.5
44.4 29.4 329
55.6 70.6 67.1
31.7 17.9 20.9
68.3 82.1 79.1
2.7 1.4 2.1

57.0 53.2 57.1
40.2 45.4 40.9
474 48.4 49.1
52.6 51.6 50.9
49.7 57.3 53.7
50.3 42.7 46.3

SD standard deviation

Values are means (SD) or percentages and are standardized to the age distribution of the overall study population in race/ethnicity groups

P values were calculated from a comparison across all groups except the groups with missing values

*Values were not age adjusted

®Overall missing: 35,403, White:26,563, Black:3,716, Asian/P1:2,325, Hispanic:2,799
“Overall missing: 5,250, White: 3,480, Black: 704, Asian/PI: 507, Hispanic: 559

dOverall missing: 509, White:348, Black:82, Asian/PI:24, hispanic:55

¢Overall missing: 34,545, White:24,827, Black:3,831, Asian/PI:2,295, Hispanic:3,592
fOverall missing:40,300, White: 28,865, Black: 4,376, Asian/PI: 2,821, Hispanic: 4,238
£Q0verall missing: 40,572, White: 29,070, Black: 4,402, Asian/PI: 2,838, Hispanic: 4,262

hOverall missing: 606, White: 442, Black: 85, Asian/PI: 33, Hispanic: 46

iBreast-conserving surgery consisted of excisional biopsy, lumpectomy, nipple resection, wedge resection, quadrantectomy, segmental mastec-

tomy, tylectomy, and partial mastectomy, NOS

iMastectomy included total mastectomy, modified radical mastectomy, radical mastectomy, subcutaneous mastectomy and mastectomy, not oth-

erwise specified

Japanese American women (HR: 0.68, 95% CI 0.62-0.74),
and “other Asian” women (HR: 0.67, 95% CI 0.59-0.76)
when compared to White women, and the risk also did not
significantly vary by breast quadrants. Overall, Chinese
American women had a 19% reduced risk of BCSM (HR:
0.81,95% CI10.75-0.88), and South Asian women displayed
a 15% reduced risk of BCSM (HR: 0.85, 95% CI 0.74-0.97),
while Filipino American women had a 12% reduced risk
of BCSM (HR: 0.88, 95% CI 0.82-0.94). No significant
association was observed in Korean or Vietnamese Asian
subgroups and PI; however, sample sizes were small. Moreo-
ver, we observed significant inverse associations for BCSM
among Chinese, Japanese, and other Asian women for each
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breast quadrant. Test for heterogeneity of BCSM across
the Asian subgroups was significant (Pyeierogrmrity < 0-0001)
(Table 3). Findings for OS by Asian subgroups were consist-
ent (Supplementary Table 2).

Secondary analyses

In secondary analyses, we observed that our results were
consistent with additional stratification by age (<50 vs. >50)
and lymph node status for both BCSM and all-cause mor-
tality (data not shown). In multivariable analyses of breast
quadrants, controlling for race, we found that women with
tumors in the nipple and central portion of the breast (HR:
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Table2 Age-adjusted and
multivariable-adjusted risk of
breast cancer-specific mortality
associated with race and
ethnicity by breast quadrants
(n=454,154)

@ Springer

Deaths from  Person-years Age-adjusted HR (95% CI) Multivariable-
breast cancer adjusted HR (95%
CD?
‘White 34,175 36,050,634 Reference Reference
Black 7,298 4,170,530 1.81 (1.76-1.86)** 1.41 (1.37-1.44)**
Asian/PI 3,075 3,714,444 0.86 (0.83-0.90)** 0.82 (0.79-0.85)**
Hispanic 4,756 3,966,662 1.23 (1.19-1.27)** 1.05 (1.02-1.09)**
Breast quadrants
Nipple/central portion of breast
White 3,810 3,154,746 Reference Reference
Black 626 321,451 1.59 (1.46-1.73)** 1.33 (1.22-1.44)**
Asian/PI 423 387,036 0.91 (0.82-1.00) 0.82 (0.74-0.91)**
Hispanic 511 359,686 1.15 (1.05-1.27)** 0.97 (0.88-1.06)
Upper-inner quadrant
White 5,031 5,758,358 Reference Reference
Black 1,204 687,462 1.96 (1.84-2.09)** 1.45 (1.36-1.55)**
Asian/PI 522 700,756 0.84 (0.77-0.92)** 0.79 (0.72-0.87)**
Hispanic 775 680,719 1.27 (1.18-1.37)** 1.09 (1.01-1.18)*
Lower-inner quadrant
White 2,893 2,957,899 Reference Reference
Black 680 401,115 1.69 (1.55-1.83)** 1.34 (1.23-1.46)**
Asian/PI 241 299,078 0.82 (0.71-0.93)** 0.80 (0.70-0.91)**
Hispanic 369 309,539 1.19 (1.07-1.32)** 1.03 (0.92-1.15)
Upper-outer quadrant
White 18,290 20,081,992 Reference Reference
Black 3,935 2,261,009 1.86 (1.80-1.93)** 1.44 (1.39-1.50)**
Asian/PI 1,553 1,918,629 0.88 (0.84-0.93)** 0.84 (0.80-0.89)**
Hispanic 2,535 2,169,691 1.24 (1.19-1.29)** 1.06 (1.02-1.11)**
Lower-outer quadrant
White 3,775 3,701,406 Reference Reference
Black 739 443,261 1.62 (1.50-1.76)** 1.32 (1.22-1.43)**
Asian/PI 310 381,388 0.79 (0.71-0.89)** 0.77 (0.69-0.87)**
Hispanic 526 413,895 1.23 (1.12-1.35)** 1.05 (0.96-1.16)
Axillary tail of breast
White 376 396,233 Reference Reference
Black 114 56,232 2.14 (1.73-2.65)** 1.44 (1.15-1.80)**
Asian/PI 26 27,557 1.03 (0.69-1.54) 0.90 (0.61-1.35)
Hispanic 40 33,132 1.28 (0.92-1.77) 0.97 (0.69-1.35)

P >=0.0007

interaction

b=(0.51

interaction

CI confidence interval, HR hazard ratio, PI Pacific Islander

*Statistical significance difference at P value <0.05
*“Statistical significance difference at P value <0.01

*Hazard ratios were adjusted for age (20-39, 40-49, 50-59, 60—69, or 70-79 years) and year of the diagno-
sis (1990-1994, 1995-1999, 2000-2004, or 2005-2009, 2010-2014), histopathological features including
tumor size (<2 cm, 2-5 cm, >5 cm, or unknown), grade (well differentiated, moderately differentiated,
poorly differentiated and undifferentiated, or unknown), and histological type (IDC,ILC or other histology),
laterality of the tumor (right, or left), lymph node status (negative, positive, or unknown), estrogen recep-
tor (ER) status (negative, positive, or unknown), progesterone receptor (PR) status (negative, positive, or
unknown), and treatments including surgery (no surgical treatment, breast-conserving surgery (BCS) alone,
mastectomy, or unknown), radiation (no/unknown, yes), and chemotherapy (no/unknown, yes)

°In age-adjusted Cox regression model, the P value in the interaction effect (quadrantxrace) is statisti-
cally significant (Pjeraciion = 0-0007). In adjusted Cox regression model, the P value in the interaction effect
(quadrant X race) is statistically non-significant (P =0.51)

interaction
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Table 3 Age-adjusted and multivariable-adjusted risk of breast cancer-specific mortality associated with Asian/PI by breast quadrants
Total cases Deaths from Person-years Age-adjusted HR (95% CI) Multivariable-
breast cancer adjusted HR (95%
CI)?
White 331,418 34,175 36,050,634 Reference Reference
Chinese 6,605 577 717,597 0.84 (0.77-0.91)** 0.81 (0.75-0.88)**
Japanese 5,751 438 735,515 0.63 (0.57-0.69)** 0.68 (0.62-0.74)**
Filipino 9,080 885 931,541 1.00 (0.93-1.07) 0.88 (0.82-0.94)**
Korean 2,192 203 221,352 0.96 (0.84-1.10) 0.90 (0.79-1.04)
Vietnamese 1,984 189 191,974 1.02 (0.88-1.18) 0.91 (0.79-1.05)
South Asian 2,693 207 227,486 0.93 (0.81-1.07) 0.85 (0.74-0.97)*
Other Asian 4,418 252 395,461 0.66 (0.58-0.75)** 0.67 (0.59-0.76)**
PI 2,898 324 292,909 1.17 (1.05-1.30)** 1.05 (0.94-1.17)
Preterogrnrity ®<0.0001
Breast quadrants
Nipple/central portion of breast
White 28,541 3,810 3,154,746 Reference Reference
Chinese 595 67 65,684 0.84 (0.66-1.07) 0.79 (0.62-1.01)
Japanese 567 59 75,119 0.66 (0.51-0.86)** 0.65 (0.50-0.84)**
Filipino 1,094 144 115,796 1.04 (0.88-1.23) 0.84 (0.71-0.99)*
Korean 181 24 21,051 0.95 (0.63-1.42) 0.87 (0.58-1.29)
Vietnamese 183 26 18,298 1.21 (0.82-1.78) 1.09 (0.74-1.61)
South Asian 235 32 20,666 1.26 (0.89-1.79) 1.17 (0.83-1.66)
Other Asian 411 30 38,452 0.63 (0.44-0.91)* 0.63 (0.44-0.91)*
PI 317 41 31,970 1.06 (0.78-1.45) 0.98 (0.72-1.34)
Inner quadrants®
White 82,692 7,924 8,716,257 Reference Reference
Chinese 1,852 134 192,775 0.75 (0.63-0.89)** 0.76 (0.64-0.91)**
Japanese 1,612 108 197,340 0.60 (0.50-0.73)** 0.66 (0.55-0.80)**
Filipino 2,523 242 250,473 1.07 (0.94-1.22) 0.89 (0.78-1.01)
Korean 600 38 58,394 0.70 (0.51-0.96)* 0.67 (0.49-0.93)*
Vietnamese 560 41 50,448 0.85 (0.63-1.16) 0.77 (0.56-1.04)
South Asian 730 52 60,014 0.94 (0.71-1.23) 0.85 (0.65-1.12)
Other Asian 1,297 70 114,142 0.66 (0.52-0.83)** 0.66 (0.52-0.84)**
PI 773 78 76,248 1.12 (0.90-1.40) 1.05 (0.84-1.31)
Outer quadrants®
White 220,185 22,441 24,179,631 Reference Reference
Chinese 4,158 376 459,138 0.88 (0.79-0.97)** 0.84 (0.75-0.93)**
Japanese 3,572 271 463,056 0.63 (0.56-0.71)** 0.69 (0.61-0.78)**
Filipino 5,463 499 565,272 0.96 (0.87-1.04) 0.88 (0.80-0.96)**
Korean 1,411 141 141,907 1.07 (0.91-1.27) 1.00 (0.85-1.18)
Vietnamese 1,241 122 123,228 1.05 (0.88-1.26) 0.94 (0.79-1.12)
South Asian 1,728 123 146,806 0.87 (0.73-1.04) 0.79 (0.66-0.94)**
Other Asian 2,710 152 242,867 0.66 (0.57-0.78)** 0.68 (0.58-0.79)**
PI 1,808 205 184,691 1.21 (1.05-1.38)** 1.07 (0.93-1.22)

P °=0.46

interaction

P °=0.73

interaction

CI Confidence interval, HR Hazard ratio, PI Pacific Islander

“Statistical significance difference at P value <0.05

“*Statistical significance difference at P value <0.01

# Hazard ratios were adjusted for age (20-39, 40-49, 50-59, 60-69, or 70-79 years) and year of the diagnosis (1990-1994, 1995-1999, 2000—
2004, or 2005-2009, 2010-2014), histopathological features including tumor size (<2 cm, 2-5 cm,>5 cm, or unknown), grade (well differen-
tiated, moderately differentiated, poorly differentiated and undifferentiated, or unknown), and histological type (IDC,ILC or other histology),
laterality of the tumor (right, or left), lymph node status (negative, positive, or unknown), estrogen receptor (ER) status (negative, positive, or

@ Springer
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Table 3 (continued)

unknown), progesterone receptor (PR) status (negative, positive, or unknown), and treatments including surgery (no surgical treatment, breast-
conserving surgery(BCS) alone, mastectomy, or unknown), radiation (no/unknown, yes), and chemotherapy (no/unknown, yes)

"Heterogeneity for the breast cancer-specific mortality across the Asian/PI subgroups

“Inner quadrants includes upper-inner quadrant and lower-inner quadrant

dOuter quadrants includes upper-outer quadrant, lower-outer quadrant and axillary tail of breast

°In age-adjusted Cox regression model, the P value in the interaction effect (quadrant X race) is statistically non-significant (P
adjusted Cox regression model, the P value in the interaction effect (quadrant X race) is statistically non-significant (P,

1.13, 95% CI 1.10-1.17), upper-inner quadrant (HR: 1.20,
95% CI 1.17-1.23), lower-inner quadrant (HR: 1.28, 95%
CI 1.24-1.33), and lower-outer quadrant (HR: 1.15, 95% CI
1.11-1.18) were all at increased risk of BCSM as compared
to women with breast cancer in the upper-outer quadrant. No
increased risk for BCSM was observed for breast cancer in
the axillary tail of the breast as compared to breast cancer
in the upper-outer quadrant (HR: 1.03, 95% CI 0.95-1.12).
Analyses of breast quadrant yielded similar results for OS
(data not shown).

Discussion

Tumor location in the breast has prognostic importance
and is useful in the clinical setting. Tumors originating in
the inner quadrant and nipple/central portion have poorer
outcomes than the upper-outer quadrant of the breast [6,
11, 12, 24]. However, few studies have investigated racial
differences in breast quadrants and whether this explains
well documented racial/ethnic inequities in breast cancer
survival as far as we know. We addressed this important gap
of knowledge in a nationally representative, racially diverse
cohort of women with breast cancer. Consistent with prior
studies [18, 25], we observed that Black women exhibited
the lowest BCSS and OS, and Asian women had the highest
survival probabilities. This relationship was not modified
by breast quadrants. Among Asian American women, Japa-
nese and “other Asian” women had the highest BCSS, while
Filipino had the lowest BCSS, which did not vary by breast
quadrants. Our findings suggest that racial differences in
breast cancer survival are not explained by breast quadrants.

A survival advantage for breast cancer has been well
documented for Asian/PI women compared to White
women [13, 14], with high survival rates for Japanese and
Chinese women likely driving this advantage [15, 16].
We observed that Japanese and “other Asian” Americans
had at least a 30% reduced risk of death, regardless of
breast quadrants, than Whites. Studies suggest that Japa-
nese women may exhibit a more vigorous host response
to breast cancer which results in smaller tumor size, less
aggressive cancer, and fewer lymph node metastases [26,
27]. However, the survival advantage remained even after
adjusting for ER status, PR status, lymph node status,

@ Springer

=0.46). In

interaction

=0.73)

interaction

stage, and intended primary treatment. Other sociode-
mographic and economic factors could contribute to the
reduced risk observed among the Asian subpopulations.
However, personal-level information on income, educa-
tion, insurance status, and other indicators of wealth and
health behaviors were not available among SEER patients.
Conversely, previous studies have shown that Black
women have a lower incidence of breast cancer [28], but
are often diagnosed with breast cancer at more advanced
stages [3, 28, 29] and have poorer survival rates after diag-
nosis than White women [3, 29-31]. We observed that
Black women were more likely to have hormone recep-
tor negative breast cancer subtypes when compared with
all other races, of note, as this subtype is associated with
poorer survival and prognosis due to lack of endocrine
therapy [32, 33]. Furthermore, Igbal et al. observed that
Black women were significantly more likely to die within
seven years of a breast cancer diagnosis than non-Hispanic
White or Asian women [18]. In line with prior research,
the current study revealed that Black women had at least
30% increased risk of BCSM and all-cause mortality
compared to other racial and ethnic groups, regardless of
breast quadrants.

A recent study reported a poorer BCSS (HR: 1.20, 95%
CI 1.07-1.34) and OS (HR: 1.11, 95% CI 1.02-1.22) for
tumors of the axillary tail (an extension of the upper-outer
quadrant) compared with those of the upper-outer quadrant
[17]. However, in our secondary analysis, no increased risk
for BCSM and all-cause mortality was observed for breast
cancer in the axillary tail of the breast as compared to upper-
outer quadrant, likely due to the different participants and
their different race/ethnicity distributions.

Our findings expand on the literature by investigating
the association between tumor characteristics and racial/
ethnic breast cancer survival disparities primarily through
the analysis of breast quadrants among women of differ-
ent races and also in Asian/PI Americans subpopulations.
Previous studies have reported that inequalities in survival
still persist after accounting for socioeconomic status [34],
body mass index [35], hormone receptor [36], stage [37],
access to care [38], treatments [39], and immigration
among Asian subpopulations [40]. Our findings suggest
that racial/ethnic survival differences are not accounted
for by breast quadrants. Understanding the contributors
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to racial disparities in breast cancer survival have impli-
cations for health policies and programs aimed at reduc-
ing cancer survival disparities for the most vulnerable
populations.

Misclassification of race/ethnicity may impact our find-
ing. However, previous analysis using SEER data has shown
that misclassification is minimal for non-Hispanic Whites
and Blacks, and moderate for Hispanics and Asians [41].
Asian subpopulations may be miss-specified by our methods
if tumor biology differences exist across Asian subpopu-
lation groupings [18]. Although misclassification of Asian
subgroup status has been documented in the SEER [42], the
lack of research on survival among these populations renders
reporting of these subgroups a high priority. Since the breast
quadrants were not specified by a single and dedicated physi-
cian, inconsistencies in classification of the breast quadrants
may impact our results. Misclassification of breast quadrants
may be most severe for the upper-outer quadrant and the
axillary tail due to their continuity [17]. In addition, there
is a lack of specific details on the type, dose and duration of
chemotherapy, radiation therapy, and the use of hormonal
therapy [43]. Further, data related to comorbidity and other
health information are lacking [43], and comorbidity is an
important factor for treatment received and cancer outcomes
[44].

Our analysis is strengthened through the use of the large
SEER population-based database, which covers approxi-
mately 34.6% of the U.S. population. Use of SEER limits the
likelihood of selection bias and increases the likelihood of
detecting statistically significant differences given the large
sample size. Further, our study provides a more compre-
hensive examination of racial/ethnic differences, especially
among Asian/PI Americans, in breast cancer outcomes than
prior studies.

Conclusion

In conclusion, using the large and racially representative
SEER database we were the first to examine breast quadrants
by race and observed that the lower BCSS in Black women
and the higher BCSS in Asian American women compared
with White women were not attributed to breast quadrants.
Among Asian American women, Japanese and “other
Asian” group women had the greatest BCSS, and Filipino
American women had the poorest survival, which was also
not explained by breast quadrants. Further investigations in
understanding the cultural, biological, and lifestyle factors
that vary between White, African American, and specific
subtypes of Asian American women may help explain these
survival differences.
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