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Abstract
Background—Clinical guidelines recommend breast conserving surgery (BCS) with radiation as
a viable alternative to mastectomy for treatment of early-stage breast cancer. Yet, Asian
Americans (AA) are more likely than other groups to have mastectomy or omit radiation after
BCS.

Methods—We applied polytomous logistic regression and recursive partitioning (RP) to analyze
factors associated with mastectomy, or BCS without radiation, among 20,987 California AAs
diagnosed with stage 0–II breast cancer from 1990–2007.

Results—The percentage receiving mastectomy ranged from 40% among US-born Chinese to
58% among foreign-born Vietnamese. Factors associated with mastectomy included tumor
characteristics such as larger tumor size, patient characteristics such as older age and foreign
birthplace among some AA ethnicities, and additional factors including hospital (smaller hospital
size, not NCI cancer center, low socioeconomic status (SES) patient composition, and high
hospital AA patient composition) and neighborhood characteristics (ethnic enclaves of low SES).
These hospital and neighborhood characteristics were also associated with BCS without radiation.
Through RP, the highest mastectomy subgroups were defined by tumor characteristics such as size
and anatomic location, in combination with diagnosis year and nativity.

Conclusions—Tumor characteristics and, secondarily, patient, hospital and neighborhood
factors, are predictors of mastectomy and omission of radiation following BCS among AAs.

Impact—By focusing on interactions among patient, hospital, and neighborhood factors in the
differential receipt of breast cancer treatment, our study identifies subgroups of interest for further
study, and translation into public health and patient-focused initiatives to ensure that all women
are fully informed about treatment options.

INTRODUCTION
Breast conserving surgery (BCS) with radiation has been considered a viable alternative
treatment to mastectomy for most women with early stage breast cancer since the 1990 NIH
Consensus Conference (1, 2) because of evidence that women who undergo BCS with
radiation experience equivalent overall survival compared to mastectomy (3–8). BCS with
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radiation may offer advantages for cosmetic outcomes, potentially mitigating psychosocial
sequelae (9), but generally involves 5 to 7 weeks of postoperative radiation, which, among
other factors, may influence a patient to choose mastectomy over BCS with radiation (10).
BCS without radiation increases risk of local recurrence and mortality (8, 11–13) and is
considered non-guideline treatment (2); the exception is women ≥70 years of age diagnosed
with stage I, hormone receptor (HR) positive breast cancer, and on hormonal therapy, where
BCS without radiation may be considered accepted treatment (14). Despite the demonstrated
benefits of BCS with radiation, prior research based in representative cancer registry data
has shown that Asian American (AA) women are considerably more likely than other racial/
ethnic groups to have mastectomy (15–18) as well non-receipt of radiation after BCS (17).

Factors that have been associated with choice or use of BCS with radiation over mastectomy
include: younger age (19, 20), smaller tumor size and lack of nodal involvement (21, 22),
shorter travel distance to radiation facility (23, 24), higher socioeconomic status (SES) (25,
26), physician preference (27–29), and later years of diagnosis (25, 30). Patient involvement
with the decision-making process has been associated with both BCS with radiation and
mastectomy (10, 31, 32). It is unclear the extent to which these or other factors influence
treatment for early-stage breast cancer among AA women. Compared to non-Hispanic
White women, the odds of receiving BCS have been shown to be lower among foreign-born
AA women than among US-born AA women (33). Another US study based on 82 Chinese
breast cancer patients showed that lower SES, foreign birthplace or recent immigration, and
speaking no or limited English were associated with mastectomy (34), and a population-
based study showed that adjustment for hospital and provider characteristics explained a
substantial proportion of the higher odds of mastectomy among Vietnamese women
compared to White women (16). A recent study of women in Tianjin, China, showed that
patient SES and insurance status, rather than tumor characteristics, were primary factors
driving mastectomy over BCS with radiation (35). A survey of providers in the San
Francisco Bay Area who treat AA breast cancer patients showed that tumor-to-breast ratios,
patients’ attitudes toward preserving the breast, cultural factors, and transportation
difficulties were perceived to be important factors in the higher rates of mastectomy in this
population (36).

Therefore, in six AA ethnic groups, we set out to identify factors associated with receipt of
mastectomy or BCS omitting radiation in the large, population-based Surveillance,
Epidemiology, and End Results (SEER) California Cancer Registry (CCR) dataset enhanced
with the ability to assess immigrant status, neighborhood factors including SES and ethnic
enclave, and hospital characteristics. In addition to polytomous regression in our
observational study, we also apply recursive partitioning (RP) to identify and clustered
subgroups with the highest receipt of mastectomy or omission of radiation following BCS.

MATERIALS AND METHODS
Study Population

We identified from the CCR all Chinese, Japanese, Filipina, Korean, South Asian, or
Vietnamese women diagnosed with a first primary, AJCC stage 0-II breast cancer in
California from January 1, 1990 to December 31, 2007 (N=23,982). These six AA groups
represented 91% of all AA and Native Hawaiian, Pacific Islander (NHPI) breast cancer
patients. We excluded tumors for which BCS with radiation is contraindicated (37),
including lobular carcinoma in-situ (38), tumors greater than 5 cm (39), microscopic tumor
foci (15), inflammatory carcinoma (2), and diffuse tumors (2). Further, we excluded women
diagnosed on death certificate/autopsy only and cases that were not microscopically
confirmed (resulting N=21,146). We also excluded women with bilateral tumors or
unknown laterality, unknown nodal involvement, subcutaneous mastectomy, extent of
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surgery unknown, or no surgical treatment (resulting N=20,987). It was not possible to
exclude multifocal tumors given inconsistencies in its coding in the registry over time.

Treatment and tumor characteristics
The registry data contain information for the first course of most extensive cancer treatment,
considered treatment administered or initiated within the first four (cases diagnosed 1990–
1997) or 12 months following diagnosis (cases diagnosed 1998–2007). BCS includes partial
mastectomy, not otherwise specified (NOS); partial mastectomy with nipple resection; less
than total mastectomy, NOS; lumpectomy or excisional biopsy; reexcision of biopsy site for
residual disease; and segmental mastectomy (including wedge resection, quadrantectomy,
tylectomy). Cases were categorized as having received mastectomy (N=10,431); BCS with
radiation (N=7,792) (40) (defined as BCS with radiation (N=7,590) or BCS without
radiation in older women (≥70 years) with stage I, HR positive breast cancer (N=202) (14));
or BCS without radiation (this excludes older women in the prior group) (N=2764). Cancer
registry data on tumor characteristics, including those shown in Table 1, are routinely
abstracted by tumor registrars (41). HR status was coded as positive if the tumor was
estrogen- and/or progesterone-receptor positive, negative if the tumor was both estrogen-
and progesterone-receptor negative, and unknown for the remainder; unknown HR status
was more common in earlier years of diagnoses.

Patient- and neighborhood-level immigrant and SES characteristics
Because the ~30% of AA patients in the cancer registry with unknown birthplace data are
more likely to be US-born than those with available data (33, 42-44), we applied a validated
method based on patients’ Social Security numbers (SSN) to classify patient immigrant
status for patients with unknown data, as described previously (45).

We used residential address and 1990 (for cases diagnosed 1990–1995) and 2000 (for cases
diagnosed 1996+) Census block group-level data to classify neighborhood SES and Asian
ethnic enclave status. We assigned neighborhood SES using a previously described index
(46) that incorporates data on education, income, occupation, and housing costs. An ethnic
enclave is an area that maintains more cultural mores and is ethnically distinct from the
surrounding area (47), and is based on an index that includes Census data on Asian race/
ethnicity, language, nativity, and recency of immigration (48). Both neighborhood-level
indices were classified into quintiles based on their distributions in California, then re-
categorized into two groups because of small sample sizes in the quintiles. Because
neighborhood SES and ethnic enclave status are correlated, we defined block groups jointly
by neighborhood SES and ethnic enclave.

Hospital characteristics
Information on total number of hospital beds, as an indicator of size, was obtained from the
2001 California Office of Statewide Health Planning and Development hospital utilization
file (49). In addition, we calculated the percent of AA and NHPI cancer cases reported by
each hospital for the years 1990–2007. Hospitals were then dichotomized on whether this
percent was above or below the median (10%) for all reporting hospitals statewide.
Similarly, hospitals were dichotomized on whether at least 25% of cancer patients reported
by that hospital were in the upper neighborhood SES quintile.

Data analysis
Multivariable, polytomous logistic regression models were used to calculate odds ratios
(ORs) and 95% confidence intervals (CIs) for the association of treatment (receipt of
mastectomy or BCS omitting radiation, relative to receipt of BCS with radiation) with
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patient, neighborhood, and hospital characteristics. We adjusted for clustering by hospital
and by block group simultaneously. Statistical analyses were performed using SAS 9.2 (SAS
Institute Inc., Cary, NC); logistic regression was conducted using PROC
SURVEYLOGISTIC.

RP, conducted using the RPART routine in R (50), was used to identify mutually exclusive
subgroups that varied with regard to the probably of receiving mastectomy, or BCS omitting
radiation, relative to BCS with radiation (50–54). RP is a non-parametric regression method
used to find the decision tree with the lowest average misclassification rate for classifying
future observations; it is particularly useful for identifying multi-way interactions among
variables, and clustered subgroups. We constructed one tree modeling the probability of
mastectomy versus BCS with radiation, excluding women who had received BCS omitting
radiation, and a second tree modeling BCS with radiation versus BCS omitting radiation,
excluding women who underwent mastectomy. The same explanatory variables and
categories that were used in the regression analyses were submitted into the RP procedures.

RESULTS
Among 20,987 AA women diagnosed with stage 0-II breast cancer between 1990–2007 and
eligible for BCS with radiation, 37.2% received BCS with radiation; 49.7% received
mastectomy; and 13.2% received BCS with omission of radiation (Table 1).

In multivariate logistic regression analyses, women age 60 and older were more likely than
younger age groups to receive mastectomy (Table 2). Compared to US-born Japanese, US-
born Korean, and foreign-born Korean, Chinese, Filipina and Vietnamese were more likely
to receive mastectomy. Modeled as a linear variable (as opposed to categorical variable as
shown in Table 2), successive increases in single year of diagnosis were associated with
lower odds of receiving mastectomy (OR=0.94, 95% CI 0.94–0.95). Compared to women
diagnosed in 1990, women diagnosed after 2001 were approximately half as likely to
receive a mastectomy. Tumor size was the most important clinical predictor of mastectomy;
compared to women with <1 cm tumors, women with tumor size 4–5 cm were over 6 times
more likely to receive a mastectomy. Histology, grade, HR status, nodal involvement, and
anatomic location of the tumor were also associated with mastectomy, as were hospital
characteristics including smaller hospital size, non-NCI cancer center, low hospital SES
patient composition, and high hospital AA patient composition. Women residing in low SES
ethnic enclaves were more likely to undergo mastectomy than those in high SES, less Asian
ethnic neighborhoods.

Successive increases in single year of diagnosis were associated with 5% increases in BCS
omitting radiation (Table 2). Tumor characteristics including larger tumor size, DCIS or
unknown histology, unknown grade, HR status negative, and multifocal or NOSanatomic
site were associated with BCS omitting radiation; however, as discussed below, these
associations with clinical characteristics need to be interpreted with caution as they may
reflect underascertainment of radiation therapy. BCS omitting radiation was also more likely
among AA women living in low SES, ethnic enclave neighborhoods, and women diagnosed
in hospitals that were smaller, and with relatively lower patient SES and higher composition
of AAs.

The RP tree modeling mastectomy versus BCS with radiation (Figure 1 and Table 3)
revealed 11 mutually-exclusive subgroups with tumor size being the most important
predictor, as indicated by the first tree split. Year of diagnosis and anatomic location were
also featured prominently on the RP tree. The subgroups with the highest proportion of
mastectomy (71.8%) were AA women in nodes 1 with ≥2 cm tumors, a subgroup that
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represented 53% of the total sample. Nodes 2–3 were women with tumors <2 cm, but with
multifocal or NOS location of the tumor (node 2, 64.9% mastectomy), or foreign-born
Chinese, Filipina, Vietnamese, or US-born Japanese, Korean, Vietnamese diagnosed before
1996 (node 3, 64.7% mastectomy). In contrast, the node with the lowest percent mastectomy
(node 5, 35% mastectomy) included AA women with tumors <2 cm, tumor mass confined
within one quadrant or were overlapping lesions, and diagnosed in the latter part of the study
period, between 2003–2007. There were no splits by hospital nor by neighborhood
characteristics.

The RP tree modeling BCS omitting radiation versus BCS with radiation revealed that
known versus unknown HR status (primarily reflective of calendar year) was the most
important predictor (data not shown). Among women with HR positive and negative tumors,
21% omitted radiation, and there were no additional splits after this node. For women with
unknown HR status, three subgroups had high proportions (>60%) of omission of radiation:
1) those with grade I-II tumors in public hospitals with relatively higher proportions of
Asians; 2) those aged 75 or older with DCIS in hospitals with relatively fewer Asians; and
3) Koreans, foreign-born Vietnamese, and US-born South Asians aged less than 75 with
DCIS in hospitals with relatively fewer Asians.

DISCUSSION
AAs are among the most rapidly growing racial/ethnic populations in the US and
particularly in California, where more than one-third of all US AAs reside (55–59). Breast
cancer is the most commonly diagnosed cancer among AA women, and incidence rates are
higher in the US compared to most cancer registries in Asia (60). Rates have been found to
be increasing over time among US AA women - rates of invasive breast cancer were 104 per
100,000 in 1988–1994 among Californian US-born AA women, and 136 per 100,000 in
2000–2004; among foreign-born, rates for these same time periods were 71 and 79,
respectively; annual percentage changes were as high as 4% per year among US-born
Filipinas and foreign-born Koreans (45). Since the 1990 Consensus Conference (2), BCS
with radiation has steadily increased in general, but AA women are considerably less likely
to have BCS with radiation and more likely to omit radiation after BCS (18, 61). Taking
advantage of a large, population-based cancer registry enhanced with patient-level
immigrant status, neighborhood characteristics including SES and ethnic enclave (62), as
well as hospital characteristics, this report contributes new insights into patterns of treatment
for early-stage breast cancer among six large ethnic populations of AA women. Our study
found that although tumor characteristics are the most important predictors of treatment,
patient race/ethnicity and nativity, and hospital and neighborhood SES and racial/ethnic
composition, are also important determinants.

In addition to traditional logistic regression, we used RP to identify interactions among
patient, hospital and neighborhood factors, and discrete subgroups of AA women with
varying proportions of mastectomy or BCS without radiation. Our results indicate that some
factors that were independently significant in logistic regression analyses did not feature in
the RP trees, suggesting that their independent effects in the total sample were not seen in
more discrete patient subgroups. Our finding that clinical factors, such as tumor size and
anatomic location, are most important in the mastectomy decision tree is consistent with
clinical practice guidelines (37); yet, the high rates of mastectomy among AA women with
even moderate-sized tumors (2–5 cm) suggests that high tumor-to-breast ratio is likely an
important consideration for these women. The appearance of year of diagnosis as an
important factor in the decision tree likely reflects temporal changes in the adoption of
treatment recommendations since the original NIH Consensus Conference (2), as examined
previously (25).
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AA ethnicity and nativity were also predictors of mastectomy receipt among women
diagnosed over the same time period with tumors less than 2 cm. Given the same tumor
characteristics, specific AA ethnicities differed by nativity in the extent to which they
underwent mastectomy. In decision tree analyses, foreign-born Chinese, Filipina, and
Vietnamese had high rates of mastectomy, despite small tumor sizes, while foreign-born
Japanese and South Asians, who tend to be English-speaking and more acculturated, even
when foreign-born, had low mastectomy rates. These findings are reflective of cultural and
immigrant/language factors playing a strong role, and consistent with previous findings (31,
34, 36, 63). Thus, besides being a powerful tool for informing further research to identify
underlying reasons for these treatment differences, the RP results can be used by providers
and hospitals to develop programs and initiatives, such as patient navigators, cultural
competency provider training, and availability of translators, that may be implemented
within their institutions to ensure that all women are informed of their treatment options.
Results from our qualitative study (unpublished) indicated that low SES AA women who
were linguistically isolated were often not informed about their treatment choices; however,
within one community (San Francisco Chinatown), community and hospital patient
navigator programs were extremely successful in helping the Chinese residents receive BCS
with radiation, if desired, by providing transportation, translation, appointment scheduling,
and overall navigation services.

To our knowledge, no previous study has evaluated breast cancer surgical treatment type
among AA subgroups over an 18-year time interval. We found a trend of decreasing rates of
mastectomy, consistent with prior reports (25). In an additional analysis (data not shown),
we found increasing rates of BCS with omission of radiation since 1990 in women with
stage I-II tumors, but not DCIS tumors, and these trends were more pronounced for cases
who also received chemotherapy, for reasons that are unclear, but warrant further
investigation. This may be because the standard order of therapies (BCS, chemotherapy for
4-6 months, then radiation) pushes radiation outside of the timeframe in which treatment
data are collected by the registry.

Our finding of increased rates of BCS omitting radiation supports a growing body of work
(64). Previously implicated predictors for radiation omission following BCS include older
age, negative nodes, larger hospital size, tumors greater than 2 cm, geographic location, and
race (19, 23, 65–70). In our study, although variations by AA ethnicity and nativity were not
statistically significant, neighborhood and hospital race/ethnicity composition and SES were
significantly associated with omission of radiation after BCS.

However, our results may be impacted by the under-ascertainment of radiation in the cancer
registry, particularly if there are delays in the administration of radiation (71). While a
recent report found a 32% under-ascertainment of radiation compared to self-report in the
Los Angeles SEER registry, one of the registries included in the current analysis, a
comparison of SEER and Medicare claims data showed that agreement on radiation was
94% (kappa = 87%) and under-ascertainment by SEER was 7% (72). In the report based on
Los Angeles SEER registry data, radiation under-ascertainment was significantly higher
among patients with the following characteristics: White race, more advanced stage,
younger age, lower income, Medicare or no insurance, had mastectomy, received
chemotherapy, had (self-reported) delays in initiation of radiation, and diagnosed in non-
ACoS (American College of Surgeons) hospitals (~40% of California hospitals) (73). As
under-ascertainment was more likely among patients of lower SES, this may have over-
estimated our findings for the associations we found with neighborhood and hospital
characteristics. In particular, the association of clinical characteristics with omission of
radiation following BCS should be interpreted with caution; they may be reflective of this
under-ascertainment of radiation considering that receipt of chemotherapy is a factor
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associated with missing data on radiation, and patients with worse prognosis/higher stage are
more likely to have received a recommendation for chemotherapy. Our study also has
several other potential limitations. We opted to include all stage 0-II tumors, rather than
invasive tumors only. Although there has been debate about whether BCS with radiation is
the preferred treatment for DCIS, a recent study showed excellent long-term prognosis for
both invasive and DCIS tumors (12). Our time trend results were unchanged when we
excluded DCIS from our analysis. Our RP analysis was not a concern in this regard, given
that RP will naturally discriminate on DCIS/ invasive classification. However, one limitation
involved in analyses utilizing RP is potential instability in resultant trees that occurs due to
the method RP uses of within-population sampling. In addition, it is possible that a
proportion of women with breast site NOS or multifocal (n=2,125) may have had multifocal
disease and thus have contraindications for BCS with radiation (2). Our polytomous logistic
regression results were not substantively altered when excluding these women, and RP
naturally discriminates on breast site to identify the most homogeneous subgroups for this
variable. Our results may also be affected by the observational nature and inherent data
limitations in cancer registry data. Since registry data on surgery captures the most extensive
surgical resection, we are unable to consider women who may have had repeated
lumpectomies and unclear margins, and who may opt for mastectomy to avoid further
repeated surgeries. In addition, we are unable to consider contraindications to BCS with
radiation or radiation due to the lack of comorbidity and other patient-level data (19). The
lack of data on language and insurance status is an additional limitation. Finally, our study
lacks reliable data on breast reconstruction, and the ability to differentiate those who had
mastectomy with reconstruction versus mastectomy only. Given that reconstruction can
address many of the psychological impacts of mastectomy alone (74), and, especially when
available concurrently with mastectomy, may influence a woman’s decision to choose
mastectomy over BCS. However, rates of (self-reported) reconstruction from a previous
study were very low (only 1 of 21 Asian women who received mastectomy also received
reconstruction), and thus unlikely to greatly impact the findings.

This study has a number of strengths, including the large population-based sample collected
over a protracted time period, which allowed sufficient statistical power to detect moderate
associations and to apply RP. We used RP, a powerful statistical technique to identify
meaningful subgroups of AA most likely to receive mastectomy. Our study is the first, to
our knowledge, to apply RP to a large population-based sample of AA women and identify
ethnicity and nativity as important predictors.

In a population-based sample of AA breast cancer patients, a group with traditionally high
rates of mastectomy, our study shows that immigration, neighborhood and hospital factors
are associated with mastectomy and omission of radiation. Additional research is needed to
understand cultural factors that underlie the decision-making process among AA women, as
well as reasons behind the associations with neighborhood and hospital factors. By focusing
on the interactions of patient, hospital, and neighborhood factors in the differential receipt of
breast cancer treatment, our study identifies subgroups of women for further study, and,
most importantly, results that can be immediately translated into public health and patient-
focused initiatives to ensure that all women, regardless of race/ethnicity, immigrant status,
SES, and language, are fully informed about their treatment options (9).

Acknowledgments
The authors thank Dr. David Nelson and Ms. Cammie d’Entremont for their contributions to this manuscript. This
research was supported by the National Cancer Institute’s Surveillance, Epidemiology and End Results Program
under contract HHSN261201000140C awarded to the Cancer Prevention Institute of California. The collection of
cancer incidence data used in this study was supported by the California Department of Health Services as part of
the statewide cancer reporting program mandated by California Health and Safety Code Section 103885; the

Gomez et al. Page 7

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



National Cancer Institute’s Surveillance, Epidemiology, and End Results Program under contract
HHSN261201000140C awarded to the Cancer Prevention Institute of California, contract HHSN261201000035C
awarded to the University of Southern California, and contract HHSN261201000034C awarded to the Public
Health Institute; and the Centers for Disease Control and Prevention’s National Program of Cancer Registries,
under agreement #1U58 DP000807-01 awarded to the Public Health Institute. The ideas and opinions expressed
herein are those of the authors, and endorsement by the State of California, the California Department of Health
Services, the National Cancer Institute, or the Centers for Disease Control and Prevention or their contractors and
subcontractors is not intended nor should be inferred.

References
1. Lazovich D, Solomon CC, Thomas DB, Moe RE, White E. Breast conservation therapy in the

United States following the 1990 National Institutes of Health Consensus Development Conference
on the treatment of patients with early stage invasive breast carcinoma. Cancer. 1999; 86:628–637.
[PubMed: 10440690]

2. NIH Consensus Development Conference. Treatment of Early-Stage Breast Cancer. JAMA: The
Journal of the American Medical Association. 1991; 265:391–395. [PubMed: 1984541]

3. Fisher B, Anderson S, Bryant J, Margolese RG, Deutsch M, Fisher ER, et al. Twenty-Year Follow-
up of a Randomized Trial Comparing Total Mastectomy, Lumpectomy, and Lumpectomy plus
Irradiation for the Treatment of Invasive Breast Cancer. New England Journal of Medicine. 2002;
347:1233–1241. [PubMed: 12393820]

4. Jacobson JA, Danforth DN, Cowan KH, d'Angelo T, Steinberg SM, Pierce L, et al. Ten-Year
Results of a Comparison of Conservation with Mastectomy in the Treatment of Stage I and II Breast
Cancer. New England Journal of Medicine. 1995; 332:907–911. [PubMed: 7877647]

5. Lichter A, Lippman M, Danforth D, d'Angelo T, Steinberg S, deMoss E, et al. Mastectomy versus
breast-conserving therapy in the treatment of stage I and II carcinoma of the breast: a randomized
trial at the National Cancer Institute. Journal of Clinical Oncology. 1992; 10:976–983. [PubMed:
1588378]

6. Poggi MM, Danforth DN, Sciuto LC, Smith SL, Steinberg SM, Liewehr DJ, et al. Eighteen-year
results in the treatment of early breast carcinoma with mastectomy versus breast conservation
therapy. Cancer. 2003; 98:697–702. [PubMed: 12910512]

7. Veronesi U, Cascinelli N, Mariani L, Greco M, Saccozzi R, Luini A, et al. Twenty-Year Follow-up
of a Randomized Study Comparing Breast-Conserving Surgery with Radical Mastectomy for Early
Breast Cancer. New England Journal of Medicine. 2002; 347:1227–1232. [PubMed: 12393819]

8. Early Breast Cancer Trialists' Collaborative Group. Effects of radiotherapy and of differences in the
extent of surgery for early breast cancer on local recurrence and 15-year survival: an overview of
the randomised trials. The Lancet. 2005; 366:2087–2106.

9. Lantz PM, Zemencuk JK, Katz SJ. Is Mastectomy Overused? A Call for an Expanded Research
Agenda. Health Services Research. 2002; 37:417–431. [PubMed: 12036001]

10. Greer AL, Goodwin JS, Freeman JL, Wu ZH. Bringing the Patient Back In. International Journal
of Technology Assessment in Health Care. 2002; 18:747–761. [PubMed: 12602076]

11. Bosco JLF, Lash TL, Prout MN, Buist DSM, Geiger AM, Haque R, et al. Breast Cancer
Recurrence in Older Women Five to Ten Years after Diagnosis. Cancer Epidemiology Biomarkers
& Prevention. 2009; 18:2979–2983.

12. Wapnir IL, Dignam JJ, Fisher B, Mamounas EP, Anderson SJ, Julian TB, et al. Long-Term
Outcomes of Invasive Ipsilateral Breast Tumor Recurrences After Lumpectomy in NSABP B-17
and B-24 Randomized Clinical Trials for DCIS. Journal of the National Cancer Institute. 2011;
103:478–488. [PubMed: 21398619]

13. Field TS, Bosco JLF, Prout MN, Gold HT, Cutrona S, Pawloski PA, et al. Age, Comorbidity, and
Breast Cancer Severity: Impact on Receipt of Definitive Local Therapy and Rate of Recurrence
among Older Women with Early-Stage Breast Cancer. Journal of the American College of
Surgeons. 2011; 213:757–765. [PubMed: 22014658]

14. Hughes KS, Schnaper LA, Berry D, Cirrincione C, McCormick B, Shank B, et al. Lumpectomy
plus Tamoxifen with or without Irradiation in Women 70 Years of Age or Older with Early Breast
Cancer. New England Journal of Medicine. 2004; 351:971–977. [PubMed: 15342805]

Gomez et al. Page 8

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



15. Morris CR, Cohen R, Schlag R, Wright WE. Increasing trends in the use of breast-conserving
surgery in California. Am J Public Health. 2000; 90:281–4. [PubMed: 10667193]

16. Lin SS, Phan JC, Lin AY. Breast cancer characteristics of Vietnamese women in the Greater San
Francisco Bay Area. Western J Med. 2002; 176:87–90.

17. Prehn AW, Topol B, Stewart S, Glaser SL, O'Connor L, West DW. Differences in treatment
patterns for localized breast carcinoma among Asian/Pacific islander women. Cancer. 2002;
95:2268–75. [PubMed: 12436431]

18. Goel MS, Burns RB, Phillips RS, Davis RB, Ngo-Metzger Q, McCarthy EP. Trends in breast
conserving surgery among Asian Americans and Pacific Islanders, 1992–2000. J Gen Intern Med.
2005; 20:604–11. [PubMed: 16050854]

19. Ballard-Barbash R, Potosky AL, Harlan LC, Nayfield SG, Kessler LG. Factors Associated With
Surgical and Radiation Therapy for Early Stage Breast Cancer in Older Women. Journal of the
National Cancer Institute. 1996; 88:716–726. [PubMed: 8637025]

20. Hurria A, Leung D, Trainor K, Borgen P, Norton L, Hudis C. Factors influencing treatment
patterns of breast cancer patients age 75 and older. Critical Reviews in Oncology/Hematology.
2003; 46:121–126. [PubMed: 12711357]

21. Floyd SR, Taghian AG. Post-mastectomy radiation in large node-negative breast tumors: Does size
really matter? Radiotherapy and Oncology. 2009; 91:33–37. [PubMed: 19201501]

22. Taghian AG, Jeong J-H, Mamounas EP, Parda DS, Deutsch M, Costantino JP, et al. Low
Locoregional Recurrence Rate Among Node-Negative Breast Cancer Patients With Tumors 5 cm
or Larger Treated by Mastectomy, With or Without Adjuvant Systemic Therapy and Without
Radiotherapy: Results From Five National Surgical Adjuvant Breast and Bowel Project
Randomized Clinical Trials. Journal of Clinical Oncology. 2006; 24:3927–3932. [PubMed:
16921044]

23. Athas WF, Adams-Cameron M, Hunt WC, Amir-Fazli A, Key CR. Travel Distance to Radiation
Therapy and Receipt of Radiotherapy Following Breast-Conserving Surgery. Journal of the
National Cancer Institute. 2000; 92:269–271. [PubMed: 10655446]

24. Celaya M, Rees J, Gibson J, Riddle B, Greenberg E. Travel Distance and Season of Diagnosis
Affect Treatment Choices for Women with Early-stage Breast Cancer in A Predominantly Rural
Population (United States). Cancer Causes and Control. 2006; 17:851–856. [PubMed: 16783613]

25. Gomez SL, Lichtensztajn D, Kurian AW, Telli ML, Chang ET, Keegan THM, et al. Increasing
Mastectomy Rates for Early-Stage Breast Cancer? Population-Based Trends From California.
Journal of Clinical Oncology. 2010; 28:e155–e157. [PubMed: 20159812]

26. Smith GL, Xu Y, Shih YC, Giordano SH, Smith BD, Hunt KK, et al. Breast-conserving surgery in
older patients with invasive breast cancer: current patterns of treatment across the United States. J
Am Coll Surg. 2009; 209:425–433. e2. [PubMed: 19801315]

27. Arrington AK, Jarosek SL, Virnig BA, Habermann EB, Tuttle TM. Patient and surgeon
characteristics associated with increased use of contralateral prophylactic mastectomy in patients
with breast cancer. Ann Surg Oncol. 2009; 16:2697–704. [PubMed: 19653045]

28. Davila JA, Brooks JM, Pendergast JF, Chrischilles EA. The Effect of Physician Characteristics and
Their Practice Environment on Surgical Referral Patterns for Early-Stage Breast Cancer in Iowa.
American Journal of Medical Quality. 2004; 19:266–273. [PubMed: 15620078]

29. Dooley W, Bong J, Parker J. Mechanisms of Improved Outcomes for Breast Cancer between
Surgical Oncologists and General Surgeons. Annals of Surgical Oncology. 2011; 18:3248–51.
[PubMed: 21584834]

30. Katipamula R, Degnim AC, Hoskin T, Boughey JC, Loprinzi C, Grant CS, et al. Trends in
mastectomy rates at the Mayo Clinic Rochester: effect of surgical year and preoperative magnetic
resonance imaging. J Clin Oncol. 2009; 27:4082–8. [PubMed: 19636020]

31. Katz SJ, Lantz PM, Janz NK, Fagerlin A, Schwartz K, Liu L, et al. Patient involvement in surgery
treatment decisions for breast cancer. J Clin Oncol. 2005; 23:5526–33. [PubMed: 16110013]

32. Collins ED, Moore CP, Clay KF, Kearing SA, O'Connor AM, Llewellyn-Thomas HA, et al. Can
women with early-stage breast cancer make an informed decision for mastectomy? J Clin Oncol.
2009; 27:519–25. [PubMed: 19114703]

Gomez et al. Page 9

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



33. Gomez SL, Glaser SL, Kelsey JL, Lee MM. Bias in completeness of birthplace data for Asian
groups in a population-based cancer registry (United States). Cancer Causes Control. 2004;
15:243–253. [PubMed: 15090719]

34. Gomez SL, France A-M, Lee MM. Socioeconomic Status, Immigration/Acculturation, and Ethnic
Variations in Breast Conserving Surgery, San Francisco Bay Area. Ethnicity & Disease. 2004;
14:134–140. [PubMed: 15002933]

35. Liu J-J, Zhang S, Hao X, Xie J, Zhao J, Wang J, et al. Breast-conserving therapy versus modified
radical mastectomy: Socioeconomic status determines who receives what--Results from case-
control study in Tianjin, China. Cancer Epidemiology. In Press, Corrected Proof.

36. Pham JT, Allen LJ, Gomez SL. Why do Asian-American women have lower rates of breast
conserving surgery: results of a survey regarding physician perceptions. BMC Public Health.
2009; 9:246. [PubMed: 19615070]

37. National Comprehensive Cancer Network. NCCN Clinical Practice Guidelines in Oncology -
Breast Cancer. Version 2. 2011.

38. National Cancer Institute, NIH. Physician Data Query for Health Professionals. 2011.

39. McGuire KP, Santillan AA, Kaur P, Meade T, Parbhoo J, Mathias M, et al. Are mastectomies on
the rise? A 13-year trend analysis of the selection of mastectomy versus breast conservation
therapy in 5865 patients. Ann Surg Oncol. 2009; 16:2682–90. [PubMed: 19653046]

40. Practice Guideline for the Breast Conservation Therapy in the Management of Invasive Breast
Carcinoma. Journal of the American College of Surgeons. 2007; 205:362–376.e2. [PubMed:
17660085]

41. California Cancer Reporting System Standards. In Cancer Reporting in California, System
Standards: Abstracting and Coding Procedures for Hospitals. 8. Vol. 1. Sacramento: California
Cancer Registry, Data Standards and Quality Control Unit; 2008.

42. Gomez SL, Glaser SL. Quality of birthplace information obtained from death certificates for
Hispanics, Asians, and Pacific Islanders. Ethn Dis. 2004; 14:292–5. [PubMed: 15132217]

43. Gomez SL, Glaser SL. Quality of cancer registry birthplace data for Hispanics living in the United
States. Cancer Causes & Control. 2005; 16:713–23. [PubMed: 16049810]

44. Lin SS, Clarke CA, O'Malley CD, Le GM. Studying cancer incidence and outcomes in immigrants:
methodological concerns. Am J Public Health. 2002; 92:1757–9. [PubMed: 12406802]

45. Gomez SL, Quach T, Horn-Ross PL, Pham JT, Cockburn M, Chang ET, et al. Hidden breast
cancer disparities in Asian women: disaggregating incidence rates by ethnicity and migrant status.
Am J Public Health. 2010; 100 (Suppl 1):S125–31. [PubMed: 20147696]

46. Yost K, Perkins C, Cohen R, Morris C, Wright W. Socioeconomic status and breast cancer
incidence in California for different race/ethnic groups. Cancer Causes Control. 2001; 12:703–11.
[PubMed: 11562110]

47. Chung, TL-N. Asian American Health: Discrepancies, Convergence, and Enclave-Specific Trends.
In: Abesamis-Mendoza, N.; Ho-Asjoe, H.; Bateman, WB., editors. Handbook of Asian American
Health: Taking Notice and Taking Action. Santa Barbara, CA: Greenwood Publishing Group;
2010.

48. Hu FB. Dietary pattern analysis: a new direction in nutritional epidemiology. Curr Opin Lipidol.
2002; 13:3–9. [PubMed: 11790957]

49. Office of Statewide Health Planning and Development (OSHPD). 2002. web site, http://
www.oshpd.cahwnet.gov/

50. Atkinson, E.; Therneau, T. An introduction to recursive partitioning using the RPART routines.
Mayo Foundation; 2000.

51. Brieman, L.; Friedman, J.; Olshen, R.; Stone, C. Classification and Regression Trees. 1984.

52. Gomez S, Tan S, Keegan T, Clarke C. Disparities in mammographic screening for Asian women in
California: a cross-sectional analysis to identify meaningful groups for targeted intervention. BMC
Cancer. 2007; 7:201. [PubMed: 17961259]

53. Nelson L, Bloch D, Longstretch W, Shi H. Recursive Partitioning for the Identification of Disease
Risk Subgroups: A Case-Control Study of Subarachnoid Hemorrhage. Journal of Clinical
Epidemiology. 1998; 51:199– 209. [PubMed: 9495685]

Gomez et al. Page 10

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.oshpd.cahwnet.gov/
http://www.oshpd.cahwnet.gov/


54. Freedman GM, Hanlon AL, Fowble BL, Anderson PR, Nicoloau N. Recursive Partitioning
Identifies Patients at High and Low Risk for Ipsilateral Tumor Recurrence After Breast-
Conserving Surgery and Radiation. Journal of Clinical Oncology. 2002; 20:4015–4021. [PubMed:
12351599]

55. The Asian Population 2000. Census 2000 Brief. US Census Bureau; 2007. p. 7

56. US Census Bureau News. Washington D.C: US Department of Commerce; 2004. Census Bureau
Projects Tripling of Hispanic and Asian Populations in 50 Years; Non-Hispanic Whites May Drop
to Half of Total Population.

57. Asian American Federation Census Information Center. New National Demographic Profile Shows
Increasing Diversity of Asian Americans. New York: 2001.

58. U.S. Census Bureau. Profile of the Foreign-Born Population in the United States, 2000. 2001.
Current Population Reports.

59. U.S. Census Bureau. An Overview: Race and Hispanic Origin and the 2010 Census. 2011. 2010
Census Briefs.

60. Jemal A, Center MM, DeSantis C, Ward EM. Global Patterns of Cancer Incidence and Mortality
Rates and Trends. Cancer Epidemiology Biomarkers & Prevention. 2010; 19:1893–1907.

61. Olaya W, Wong JH, Morgan JW, Roy-Chowdhury S, Lum SS. Disparities in the surgical
management of women with stage I breast cancer. Am Surg. 2009; 75:869–72. [PubMed:
19886124]

62. Gomez SL, Glaser SL, McClure LA, Shema SJ, Kealey M, Keegan TH, et al. The California
Neighborhoods Data System: a new resource for examining the impact of neighborhood
characteristics on cancer incidence and outcomes in populations. Cancer Causes Control. 2011;
22:631–47. [PubMed: 21318584]

63. Kagawa-Singer M, Wellisch DK, Durvasula R. Impact of breast cancer on Asian American and
Anglo American women. Cult Med Psychiatry. 1997; 21:449–80. [PubMed: 9492974]

64. Glück S, Mamounas T. Improving Outcomes in Early-Stage Breast Cancer. Oncology. 2010;
24(Supplement Number 4)

65. Chagpar AB, McMasters KM, Scoggins CR, Martin RCG, Thoene C, Edwards MJ. The use of
radiation therapy after breast-conserving surgery in hormonally treated breast cancer patients is
dependent on patient age, geographic region, and surgeon specialty. American journal of surgery.
2008; 195:793–798. [PubMed: 18417083]

66. Dragun AE, Huang B, Tucker TC, Spanos WJ. Disparities in the application of adjuvant
radiotherapy after breast-conserving surgery for early stage breast cancer. Cancer. 2011;
117:2590–8. [PubMed: 21656737]

67. Morrow M, White J, Moughan J, Owen J, Pajack T, Sylvester J, et al. Factors predicting the use of
breast-conserving therapy in stage I and II breast carcinoma. J Clin Oncol. 2001; 19:2254–62.
[PubMed: 11304779]

68. Siesling S, van de Poll-Franse LV, Jobsen JJ, Repelaer van Driel OJ, Voogd AC. Explanatory
factors for variation in the use of breast conserving surgery and radiotherapy in the Netherlands,
1990–2001. The Breast. 2007; 16:606–614. [PubMed: 17604628]

69. Smith GL, Shih Y-CT, Xu Y, Giordano SH, Smith BD, Perkins GH, et al. Racial disparities in the
use of radiotherapy after breast-conserving surgery: A National Medicare study. Cancer. 2010;
116:734–741. [PubMed: 20014181]

70. Freedman RA, He Y, Winer EP, Keating NL. Trends in racial and age disparities in definitive local
therapy of early-stage breast cancer. J Clin Oncol. 2009; 27:713–9. [PubMed: 19103731]

71. Gold HT, Thwin SS, Buist DSM, Field TS, Feifei W, Yood MU, et al. Delayed Radiotherapy for
Breast Cancer Patients in Integrated Delivery Systems. American Journal of Managed Care. 2009;
15:785–789. [PubMed: 19895182]

72. Virnig BA, Warren JL, Cooper GS, Klabunde CN, Schussler N, Freeman J. Studying radiation
therapy using SEER-Medicare-linked data. Med Care. 2002; 40(8 Suppl):IV-49–54.

73. Jagsi R, Abrahamse P, Hawley ST, Graff JJ, Hamilton AS, Katz SJ. Underascertainment of
radiotherapy receipt in surveillance, epidemiology, and end results registry data. Cancer. 2011

Gomez et al. Page 11

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



74. Greenberg CC, Lipsitz SR, Hughes ME, Edge SB, Theriault R, Wilson JL, et al. Institutional
Variation in the Surgical Treatment of Breast Cancer: A Study of the NCCN. Annals of Surgery.
2011; 254:339–345. [PubMed: 21725233]

Gomez et al. Page 12

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1. Recursive partitioning tree modeling mastectomy versus BCS with radiation, Asian
American Women diagnosed with stage 0–II breast cancer, 1990–2007
Recursive partitioning is a non-parametric regression method that uses the current data set to
find the decision tree with the lowest average misclassification rate for classifying future
observations. The terminal nodes of the tree partition the participants to subgroups according
to a set of explanatory variables. Starting with the original data set, recursive partitioning
splits each node by examining each variable and selecting one binary split across the
members in that node, based on a variable that maximizes the “purity” in the outcome. This
process is repeated until further partitioning is not possible. Because the final tree over-fits
the data, ten-fold cross-validation is used to prune the tree. Finally, the “one-standard error”
heuristic is used to find the simplest tree with a cross-validated error estimate no more than
one standard error larger than the best tree. Recursive partitioning has the ability to detect
multi-way interactions and handle highly correlated variables; alternatively, this method is
less well known and not as powerful as parametric methods when the form of the underlying
model is parametric and correctly specified.
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Table 3

Summary of subgroups identified through recursive partitioning and probability of having mastectomy

Terminal node Risk group characteristics N
Probability of having a
mastectomy (95% CI)

1 Tumor size ≥2 cm 7678 71.8% (70.8%, 72.8%)

2 Tumor size <2 cm. Multifocal or location NOS, or central mass. 1653 64.9% (62.6%, 67.2%)

3 Tumor size <2 cm. Mass one quadrant or overlapping lesion. Dx 1990–1995.
Foreign-born Chinese, Filipina, Vietnamese; US-born Japanese, Korean, Vietnamese.

1126 64.7% (61.9%, 67.4%)

4 Tumor size <2 cm. Mass one quadrant or overlapping lesion. Dx 1990–1995.
Foreign-born Japanese, Korean, South Asian; US-born Chinese, Filipina, South
Asian.

425 46.1% (41.4%, 50.9%)

5 Tumor size <2 cm. Mass one quadrant or overlapping lesion. Dx 2003–2007. 3623 35.0% (33.4%, 36.5%)

6 Tumor size <2 cm. Mass one quadrant or overlapping lesion. Dx 1990–2002.
Foreign-born Japanese, South Asian; US-born Chinese, Japanese.

1161 36.9% (34.1%, 39.6%)

7 Tumor size <2 cm. Mass one quadrant or overlapping lesion. Dx 1990–2002.
Foreign-born Chinese, Filipina, Vietnamese; US-born Japanese, Korean, Vietnamese.
Histology DCIS.

284 32.7% (27.3%, 38.2%)

8 Tumor size <2 cm. Mass one quadrant or overlapping lesion. Dx 1990–2002.
Foreign-born Chinese, Filipina, Vietnamese; US-born Japanese, Korean, Vietnamese.
Histology ductal, invasive, lobular, other. HR status negative, unknown.

668 58.1% (54.3%, 61.8%)

9 Tumor size <2 cm. Mass one quadrant or overlapping lesion. Dx 1990–2002.
Foreign-born Chinese, Filipina, Vietnamese; US-born Japanese, Korean, Vietnamese.
Histology ductal, invasive, lobular, other. HR status positive. Grades III, IV and
unknown.

426 54.2% (49.5%, 59.0%)

10 Tumor size <2 cm. Mass one quadrant or overlapping lesion. Dx 1990–2002.
Foreign-born Chinese, Filipina, Vietnamese; US-born Japanese, Korean, Vietnamese.
Histology ductal, invasive, lobular, other. HR status positive. Grades I and II.

122 56.6% (47.8%, 65.4%)

11 Tumor size <2 cm. Mass one quadrant or overlapping lesion. Dx 1990–2002.
Foreign-born Chinese, Filipina, Vietnamese, Korean; US-born Japanese, Korean,
Vietnamese, Filipina. Histology ductal, invasive, lobular, other. HR status positive.
Grades I and II.

1057 41.9% (38.9%, 44.9%)
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