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Annual Report: Grant #DAMD17-96-1-6262

4.) INTRODUCTION
Almost half of the incident cases of breast cancer occur in women aged 65 and older.
However, patients in this age group are infrequently enrolled into randomized clinical
trials and have been seriously under-represented in the randomized trials of breast-
conserving surgery (BCS) vs mastectomy. The randomized trials of younger women
suggest that receipt of BCS without radiotherapy is associated with an increased risk of
local disease recurrence, but no definite decrease in overall survival.

The goal of this study is to study outcomes associated with different breast cancer
treatments in a population-based observational cohort of women aged 65 and older who
have undergone surgical treatment for early stage breast cancer. The specific aims are:

1. To develop algorithms to utilize Medicare inpatient and outpatient data to define
and study the treatments received and outcomes associated with the use of BCS
with or without radiotherapy and mastectomy among older women with early stage
breast cancer.

2. To determine predictors of receipt of radiotherapy among older women with early
stage breast cancer who have undergone BCS.

3. To determine specific outcomes, especially treatment for local/regional disease
recurrence, associated with receipt of BCS with radiotherapy, BCS without
radiotherapy, and mastectomy among older women with early stage breast cancer.

To accomplish these aims we proposed methods for using the National Cancer Institute's
Surveillance, Epidemiology, and End Results (SEER) tumor registry data and Medicare
claims files.

4 (Proprietary data)



5.) BODY

Specific Aim #2. Determine Predictors of Radiotherapy.
A. Lack of Radiotherapy and Lymph Node Dissection After BCS.
In last year's report, we submitted a manuscript regarding lymph node dissection and
receipt of radiotherapy as components of quality of care for women undergoing breast-
conserving surgery. At the time of last year's report, this work was in manuscript form.
This work has now been published in the Lancet. (1) Please see the published article in
the appendix for details of the methods, results, and discussion.

B. Distance from Radiotherapy Site.
During the year of this report, we have completed additional work evaluating the
relationship of initial breast cancer treatment (receipt of breast-conserving surgery [BCS]
and receipt of radiotherapy after BCS) to distance of patient residence to a hospital with
radiotherapy facilities. The hypothesis was that greater distance from the patient's
residence to a hospital with radiotherapy would be inversely related to use of BCS (as
opposed to mastectomy) for primary surgical treatment, as well as a barrier to the use of
radiotherapy among patients who have undergone BCS. Please see the manuscript in the
appendix for details of the methods and results. (Nattinger AB, Kneusel RT, Hoffmann
RG, Gilligan MA. Relationship of Initial Breast Cancer Treatment and Distance from a
Hospital with Radiotherapy Facility, 2000 submitted). As noted in the discussion,
patients living 15 or more miles from a hospital providing radiotherapy were substantially
less likely than others to undergo BCS. The lesser use of BCS among these patients does
not mean that they are undergoing inappropriate care, but these patients may not perceive
BCS as a realistic option. Therefore, living 15 or more miles from a radiotherapy site
appears to function as a barrier to choice of cancer treatment.

In addition, we have found that patients living 40 or more miles from a radiotherapy site
were substantially less likely than others to undergo radiotherapy after a BCS procedure.
This finding raises an appropriateness of care issue, as well as an access issue, for these
patients. In the cohort of SEER patients whom we studied, few patients (about 2%) lived
this great of a distance from a hospital with radiotherapy. However SEER patients are
much less likely to reside in rural areas than the rest of the U.S. population, so this
finding probably applies to a larger percentage of the entire U.S. population. Physicians
caring for women who reside at a substantial distance from a radiotherapy site should be
aware of this potential quality of care issue.

Specific Aim #3. Outcomes of Primary Therapies for Early Stage Breast Cancer.
A. Survival Among BCS Patients Not Undergoing Axillary Lymph Node Dissection
or Radiotherapy.

This work shows that women who received neither axillary lymph node dissection nor
radiotherapy were at significantly higher risk of death, compared to those undergoing
both axillary dissection and radiotherapy, after adjusting for age, tumor size, and
comorbid conditions. This work was summarized in last year's report, and the
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manuscript is attached. (Du X, Freeman JL, Nattinger AB, Goodwin JS. Survival of
Women After Breast Conserving Surgery for Early Stage Breast Cancer, 2000, submitted

for publication).

B. Intermediate Outcomes After BCS without Radiotherapy.

In randomized trials, receipt of BCS without radiotherapy has been associated with a risk
of local disease recurrence of about 35% after 5 years. (2) However these trials included
few women aged 65 and older. As documented elsewhere in this report, we (and others)
have found that 30-50% of older women undergoing BCS treatment do not undergo
radiotherapy. Retrospective studies attempting to determine whether older women can
safely be treated without radiotherapy have had conflicting results. The purpose of this
study is to determine whether omission of radiotherapy after BCS adversely affects breast
cancer outcomes in a cohort of women aged 65 and older.

In this study, we used the National Cancer Institute's SEER tumor registry records, which
were linked to Medicare claims data for women aged 65 and older. The cohort selected
for study included 2771 women who were aged 65 and older at the time of diagnosis of
local or regional breast cancer in 1986 or 1987, for whom Medicare parts A & B claims
were available for 6 years or until death, and who underwent initial surgery for the tumor.
Of this cohort 78% underwent mastectomy and 22% underwent BCS. Of the BCS
patients, 55% underwent radiotherapy and 45% did not.

The SEER tumor registry files include information on incident cancers, stage of disease,
and initial treatment, but no information on disease recurrence or treatment of disease
recurrence based on the Medicare claims data. This was a difficult analytic problem,
discussed in detail in the last year's annual report, pp8-10. For the purposes of this study,
disease recurrence was defined as a claim for mastectomy more than 6 months after
diagnosis, radiotherapy more than 8 months after diagnosis, or chemotherapy more than
15 months after diagnosis. These cutoff dates are set conservatively, i.e., it is unlikely
that initial treatment is occurring after the cutoff dates, but some treatment for recurrent
disease may be occurring prior to the cutoff dates.

A cox proportional hazards model was constructed to predict disease recurrence based on
treatment undergone: BCS without RT, BCS with RT, or mastectomy. The model was
adjusted for patient age, stage of disease, race, and the zip code level economic indicators
of per capita income and the percentage of adults in the zip code who had completed high
school. The reference treatment category was BCS with RT.

Compared to the BCS patients who underwent RT, those who underwent BCS without
RT had a significant hazard ratio of 1.52 (See Table 1). Women who underwent
mastectomy did not have an increased hazard of disease recurrence. Women with
regional stage disease also had an increased hazard of recurrences, as one would expect.
Increasing age was somewhat protective against disease recurrence, presumably due to a
competing risk of death from other causes.
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Table 1. Association of Initial Treatment Undergone and Disease Recurrence,
Based on Medicare Claims.

Factor Hazard Ratio 95% CI
BCS without RT* 1.52 1.05-2.19
Mastectomy* 1.10 0.86-1.41
Stage (regional vs local) 1.72 1.45 - 2.03
Age at Dx (per year) 0.97 0.96 - 0.98

* Compared to a reference category of treatment with BCS with RT. Factors were also

adjusted for race, zip code per capita income, and zip code educational level.

Given that our definition of disease recurrence is claims-based, we felt it important to
check for face validity of this measure by studying disease recurrence as a predictor of
death. The relation of disease recurrence and breast cancer specific mortality is presented
in Table 2. As can be seen by the hazard ratio of> 8, disease recurrence as defined by
our claims-based algorithm is an important predictor of breast cancer specific mortality.
This analysis adjusts for age, race, stage, education and income level of the zip code of
residence of the patient, and comorbidity.

Table 2. Relation of Disease Recurrence and Breast Cancer-Specific Mortality.

Factor* Hazard Ratio 95% CI
Disease Recurrence 8.32 6.87 - 10.1
Age (per year) 1.02 1.01-1.04
Black Race (vs others) 1.95 1.33 -2.87

* Also adjusted for stage, zip code per capita income, zip code education, and
comorbidity (claims adaptation of Charlson comorbidity score).

This work is limited by the fact that disease recurrence was determined by Medicare
treatment claims, and there may be misclassification. In particular, some women with
disease recurrence may have been treated only with tamoxifen or other hormonal agents,
which are not covered by Medicare. However, omission of RT after BCS should mainly
be associated with an excess of local disease recurrences, and these are typically treated
with surgical resection and/or RT, not with tamoxifen alone.

Specific Aim #1: Algorithms Using Medicare Data.
Most of the work on this specific aim has been completed, as reported in detail in
previous annual reports, and as summarized in a publication. (3) Tasks 1-4 have been
completed, and task #5 partially completed. We had hoped that Dr. Craig Beam would
be able to work with us to determine if the application of another multivariate method
(other than logistic regression, employed in reference 3) would permit the construction of
a more robust algorithm for using Medicare data to determine breast cancer cases. Dr.
Beam was unable to do so during this past year. Therefore, we have arranged for Dr.
Prakash Laud to work with us in this area during our upcoming no-cost extension year.
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Dr. Laud is an expert in Bayesian statistical methods, and he will add a great deal to our
approach.

We have applied for, and been granted, a 1 year no-cost extension for this project. We
will use this year to complete work on task 5, with respect to specific aim #1, and to
complete work on tasks 10-12, with respect to specific aim #3. As reported in this report,
tasks 6-9 are now completed, and tasks 10-12 are partially completed.

C. Temporal Trends in Use of BCS.

We have made substantial progress in work describing changing patterns in use of BCS
over time. We attach a manuscript summarizing the predictors of receipt of BCS over the
time period 1983-1995. (Gilligan MA, Kneusel RT, Hoffmann RG, Nattinger AB.
Persistent Differences in Socio-demographic Determinants of Use of Breast-Conserving
Surgery Despite Overall Increased Adoption).

6.) KEY RESEARCH ACCOMPLISHMENTS: (bolded items completed since
previous report).

)0 Determination of agreement of SEER and Medicare data bases for surgical
treatment of breast cancer.

i Determination of relative completeness of different types of Medicare claims for
breast cancer operations recorded by SEER.

> Development of predictors of concordance between SEER and Medicare data bases.
Determination of percentage receipt of appropriate care (BCS patients who have
undergone radiation and axillary lymph node dissection and total mastectomy
patients who have undergone axillary lymph node dissection) over time.

) Determination of predictors of appropriate care, in terms of age, urban vs rural
residence, and type of surgery.

0 Determination of predictors of axillary node dissection, relationship of receipt of
axillary dissection to receipt of radiotherapy and relationships to survival, among
BCS patients.

0 Determination of the relationship between breast cancer treatment received
and distance a patient resides from a hospital with radiotherapy facilities.

0 Finding that distance from patient residence to a hospital with radiotherapy
does not account for geographic variation in use of BCS nor the geographic
variation in use of radiotherapy after BCS.

O Finding of persistent variation in use of BCS by geography, urban-rural status,
and socioeconomic status 10 years after the publication of the first U.S.
randomized trial of BCS vs mastectomy.
Development of methodology for partitioning mastectomy, radiotherapy, and
chemotherapy claims into initial therapy or therapy for recurrent disease.
Finding that claims-based methodology for determining breast cancer
recurrence has face validity in terms of predicting breast cancer specific
mortality.
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) Finding that receipt of BCS without radiotherapy is associated with an
elevated hazard of treatment for disease recurrence, among a cohort of breast
cancer patients aged 65 and older.

7.) REPORTABLE OUTCOMES:

Publications:
" Du X. Freeman JL, Warren JL, Nattinger AB, Zhang D, Freeman DH, Goodwin JS.

Accuracy and completeness of Medicare claims data for surgical treatment of breast
cancer. Med Care 2000, 38:719-727.

* Nattinger AB, Hoffmann RG, Kneusel RT, Schapira MM. Relationship between
appropriateness of primary therapy for early-stage breast carcinoma and increased use
of breast-conserving surgery. Lancet 2000, 356:1148-53.

" Du X. Freeman JL, Nattinger AB, Goodwin JS. The effect of axillary node dissection
on survival in women with early stage breast cancer. 2000, submitted for publication.

" Nattinger AB, Kneusel RT, Hoffmann RG, Gilligan MA. Relationship of initial
breast cancer treatment and distance from a hospital with radiotherapy facilities.
2000, in preparation for submission.

* Gilligan MA, Kneusel RT, Hoffmann RG, Greer AL, Nattinger AB. Persistent
differences in socio-demographic determinants of use of breast-conserving surgery
despite overall increased adoption. 2000, submitted for publication.

Presentations and Abstracts:
" Beam CA, Nattinger AB. Accuracy of inpatient Medicare claims for breast cancer therapy

determination. Presented at the Department of Defense U.S. Army Medical Research and
Materiel Command Breast Cancer Research Program Meeting: An Era of Hope. Oct 31-Nov
4, 1997, Washington, DC.

• Beam CA, Guse C, Nattinger AB. Do outpatient records improve the accuracy of Medicare
breast cancer claims data? J Gen Intern Med 1998;13 (suppl):41. Presented at the Society of
General Internal Medicine National Meeting, April 23-25, 1998, Chicago, IL.

" Nattinger AB, Hoffmann RG, Kneusel RT, Schapira MM. Decrease in appropriateness of
breast cancer care associated with increased use of breast-conserving surgery. J Gen Intern
Med 1999;14 (suppl 2):58. Presented at the 2 2nd Annual National SGIM meeting in San
Francisco, CA, April 29-May 1, 1999.

" Nattinger AB, Hoffmann RG, Kneusel RT, Schapira MM. Outcomes associated with
omission of radiotherapy after breast-conserving surgery, among older women with early
stage breast cancer. JGIM 2000;15:87-88. Presented at the 2 3rd Annual SGIM meeting in
Boston, MA. May 4-6, 2000.
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Gilligan M, Hoffmann RG, Kneusel RT, Nattinger AB. Determinants of use of breast-
conserving surgery: Change over time. JGIM 2000;15:117. Presented at the 2 3rd Annual
SGIM meeting in Boston, MA., May 4-6, 2000.

Grants Applied For:
* "Outcomes of Older Women with Early Stage Breast Cancer", PHS, National Cancer

Institute R01 CA081379. July 1, 2000 - June 30, 2003, based in part on work supported by
this award.

8.) CONCLUSIONS:

Between 1983 and 1995, substantial variation by geography and patient demographic
factors persisted in the treatment of early stage breast cancer. Between 1983 and 1995,
the percentage of women with early breast cancer who received care termed appropriate
by the 1990 NIH consensus statement declined from 88% to 78%. This was due to a
move away from mastectomy and toward more use of BCS. However, a sizable minority
of women undergoing BCS fail to undergo either postoperative radiotherapy or axillary
lymph node dissection. Omission of radiotherapy is related to long distance from patient
residence to a hospital with radiotherapy services. However, distance from a
radiotherapy facility does not explain the observed geographic variation in use of
radiotherapy.

Older women who undergo BCS without radiotherapy have a greater risk than others of
being treated for disease recurrence during the first five years after breast cancer
diagnosis, based on claims-based markers for disease recurrence. Older women who
undergo BCS without radiotherapy and without axillary lymph node dissection have
poorer survival than expected, after adjusting for demographics, tumor size, and
comorbid diseases.
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ARTICLES

Relation between appropriateness of primary therapy for early-
stage breast carcinoma and increased use of breast-conserving
surgery

Ann Butler Nattinger, Raymond G Hoffmann, Ronald T Kneusel, Marilyn M Schapira

Summary Introduction
In June, 1990, a Consensus Development Conference

Background Breast-conserving surgery is a more complex organised by the National Institutes of Health held that
treatment than mastectomy, because a separate incision is either breast-conserving surgery or total mastectomy was
needed for axillary lymph-node dissection, and postoperative appropriate for most women with stage I or II breast
radiotherapy is necessary. We postulated that adoption of cancer. This consensus statement also clarified that either
this therapy into clinical practice might have led to operation should include axillary lymph-node dissection,
discrepancies between the care recommended and that and that breast-conserving surgery should be
received. accompanied by radiotherapy.' Breast conservation was

judged preferable to mastectomy' but is arguably more
Methods We used records of the US national Surveillance, complex. Breast conservation requires a separate incision
Epidemiology, and End Results tumour registry to study for axillary lymph-node dissection, postoperative
144 759 women aged 30 years and older who underwent radiotherapy, attention to the tumour margins, and
surgery for early-stage breast cancer between 1983 and attention to the cosmetic result.2

1995. We calculated the proportion undergoing at least the The use of breast-conserving surgery increased during
minimum appropriate primary treatment (defined, in the early 1980s,' remained generally stable during the late
accordance with the recommendations of a National 1980s,4'" and increased further from about 1990
Institutes of Health Consensus Conference in 1990, as total onwards"' ° Adoption of a more complex therapy into
mastectomy with axillary node dissection or breast- clinical practice might be expected to lead to some
conserving surgery with axillary node dissection and discrepancy between the care recommended and that
radiotherapy) during each 3-month period, delivered. For example, not all women undergoing breast-

conserving surgery receive radiotherapy.3,
10 '

Findings The proportion of women receiving appropriate In this study, we assessed the use of appropriate
primary therapy fell from 88% in 1983-89 to 78% by the end primary therapy, as recommended by the 1990 consensus
of 1995. This decline was observed in all subgroups of age, conference, over the period 1983-95.
race, stage, and population density. Of all women in the
cohort, the proportion undergoing an inappropriate form of Methods
mastectomy remained stable at about 2.7% throughout the Patients
study period. The proportion undergoing an inappropriate The National Cancer Institute Surveillance, Epidemiology,
form of breast-conserving surgery (omission of radiotherapy, and End Results (SEER) registry" was the source of data
axillary node dissection, or both) increased from 10% in on breast-cancer patients and their care. The SEER data
1989 to 19% at the end of 1995. were collected by nine geographically distinct population-

based tumour registries; the registry included information
Interpretation Although most women undergo appropriate on demographic characteristics, extent of disease, and
care, the appropriateness of care for early-stage breast initial treatment for about 10% of US cancer patients.
cancer in the USA declined from 1990 to 1995. Because the The nine SEER sites included are the entire states of
proportion of all women who were treated by breast- Connecticut, Hawaii, Iowa, New Mexico, and Utah, and
conserving surgery increased, and because this approach the metropolitan areas of Atlanta, Detroit, Seattle-Puget
was more likely than was mastectomy to be applied Sound, and San Francisco-Oakland.
inappropriately, the proportion of all women having To characterise the study population further, we
inappropriate care increased, obtained from the federal Area Resource File 3

information on the urban or rural status of the county of
Lancet 2000; 356: 1148-53 residence of the patient.
See Commentary page 1124 We initially selected 147 432 women aged 30 years or

older at the time of first diagnosis of an invasive local or
regional unilateral breast cancer between 1983 and 1995.
We have used similar methods previously.6' 7 We excluded
1887 (1-3%) women who did not undergo primary breast-
conserving surgery or mastectomy or whose type of
surgery was unknown and 55 women (0.04%) whose date
of diagnosis was unknown. These exclusions left a cohort
of 145 490 women.

Departments of Medicine (A Butler Nattinger MD, R T Kneusel MS,
M M Schapira MD) and Biostatistics (R G Hoffmann Ph[), Definitions of analytical variables
Medical College of Wisconsin, Milwaukee, WI, USA Based on SEER convention, the cancer was classified as
Correspondence to: Dr Ann Butler Nattinger, Division of General local if it was confined to the breast tissue and regional if it
Internal Medicine, FEC Medical Office Building, Suite 4200, had extended into surrounding tissue or regional lymph
9200 West Wisconsin Avenue, Milwaukee, W 53226, USA nodes. The more precise American Joint Committee on

1148 THE LANCET ° Vol 356 - September 30, 2000



ARTICLES

between 12 and 37%. 2'
17

-
20 We have not included cases of radiographers at the Birmingham Women's Hospital, and all healthcare

hypoplastic left ventricle associated with other complex professionals from referring hospitals and regional cardiothoracic centres
cardiac anomalies (29 cases over 6 years) to ensure a that have aided confirmation of outcomes. We also thank Ann Tonks at

the West Midlands Perinatal Audit for the collaboration, and

homogeneous group for study. When possible necropsies Lida Debono and Lynn North, senior radiographers in the ultrasound
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Cancer staging was not recorded until 1988, so could not relative risk. Therefore, we corrected the adjusted odds
be used for the primary analyses. That staging and tumour ratios and CI to estimate the adjusted relative risk more
size information were used for a subgroup analysis of precisely. 5

women treated in 1998 or later.
Patients were classified by SEER as having received Results

breast-conserving surgery if they underwent segmental 65.0% of the patients had local stage disease (table). Most
mastectomy, lumpectomy, quadrantectomy, tylectomy, were white and most lived in urban areas. There were
wedge resection, excisional biopsy, or partial mastectomy. increasing numbers of breast-cancer patients over time.
All other women underwent some form of mastectomy. Overall, 32.7% of the patients underwent breast-
Patients were classified as having had radiotherapy if they conserving surgery; the remainder had mastectomy. As
received any form of radiotherapy according to SEER and found previously,"n the use of breast-conserving surgery
as not having had radiotherapy if SEER recorded them as increased from 1983 to 1985, was stable until mid-1990,
undergoing no radiotherapy or refusing radiotherapy. then increased steadily until 1995 (figure 1).

The patients were grouped by age at diagnosis (30-49 The unadjusted proportion of women in the cohort
years, 50-64 years, 65-79 years, 80 years and older). Race receiving appropriate primary therapy was about 88%
was classified as white, black, or other. The size of until the late 1980s (figure 1); it then decreased to about
metropolitan statistical area (MSA) of the county of 78% by the end of 1995. The multivariate model, which
residence was classified as fewer than 250 000 individuals adjusted for age, race, stage, and size of MSA, showed a
or 250 000 or more individuals. For 85 (0.06%) of the consistent decrease in the proportion receiving
patients, no valid code for county of residence was appropriate care from the second half of 1990 to 1995.
available. Such patients were excluded from analyses of For the cohort overall, the adjusted relative risk of receipt
urban versus rural status but were included in other of appropriate therapy in 1995 compared with 1989 (the
analyses. last year before the decline began) was 0"91 (95% CI

On the basis of the 1990 consensus conference,' the 0-90-0"93).
minimum requirements for appropriate primary therapy To assess whether this decline in the proportion
were defined as total mastectomy with axillary lymph- receiving appropriate care was restricted to certain
node dissection or breast-conserving surgery with axillary subgroups of patients, we examined the annual rate of
lymph-node dissection and radiotherapy. Women who decrease from 1989 to 1995 overall, and for each
underwent subcutaneous mastectomy, total mastectomy subgroup of age, race, stage of disease, and size of the
without lymph-node dissection, breast-conserving surgery MSA in which the patient lived. The adjusted relative risk
without radiotherapy, or breast-conserving surgery of receiving appropriate care in each year, compared with
without lymph-node dissection were classified as not the previous year was 0"987 (0"986-0"988). There was a
meeting the consensus standard. For 731 (0-5%) of the significant annual decrease in the risk of receiving
145 490 women, we could not assess whether care met appropriate care for each subgroup, with annual relative
the standard, because we could not find out whether they risks ranging from 0"980 to 0"994 for the various
had undergone radiotherapy. The final study cohort subgroups. Although each subgroup had a significant
consisted of the 144 759 women for whom decline, the falls were smaller in women aged 80 years and
appropriateness of care could be assessed, older than in younger women (p<0.0001), and in women

living in less urban areas than in women living in more
Analysis urban areas (p<0.0001). In addition, each SEER site also
The study period was divided into 3-month periods. Each had a significant annual decrease in the relative risk of
patient was assigned to one of these periods on the basis of receiving appropriate care.
her month and year of diagnosis. For each period, the To assess whether the consensus recommendations
proportion of women who received appropriate therapy were being applied selectively on the basis of prognosis,
was calculated, with the denominator consisting of all we calculated the proportion receiving appropriate care
cohort patients treated during that time. Unadjusted
proportions are plotted in the figures. Characteristic Number of Characteristic Number of

A multivariate logistic model was constructed to allow patients patients
adjustment of the probability of appropriate therapy for Age (years) Stage of disease
differences in age of patient, stage of disease, race, or size 30-49 34 978 (24.2%) Local 94 167 (65.0%)
of the MSA in which the patient lived. Time for each 50-64 45 870 (31.7%) Regional 50 592 (350%)

65-79 46 855 (33.7%)
patient was recorded as month of diagnosis. Trends in 65-0 15 056 (10.4%) Year of diagnosis
treatment over time measured in months were modelled 1983 8647 (6.0%)

Race 1984 9179 (6.3%)
with a logistic spline function,'4 which allowed knots White 126363(87.3%) 1985 10037 (6.9%)
(linear rate changes in the underlying model for Black 10 321 (7.1%) 1986 10 525 (7.3%)
appropriateness with time) at the beginning of the year. In Other 7332 (5.1%) 1987 11421 (7.9%)
addition, knots were allowed every 6 months from 1989 to Unknown 743(0-5%) 1988 11370 (7-8%)

1989 10 996 (7.6%)
1991, around the time of the consensus conference. A SEERsite 199 106l786%)

forward stepwise regression analysis was used to include San Francisco 24 681 (17.0%) 1991 12 034 (8.3%)

Connecticut 23 657 (16.3%)1204(3%
only the knots that were significant. This approach Detroit 25 042 (173%) 1992 12 086 (8.4%)
produced a piecewise linear logistic fit to the underlying Hawaii 5830 (4.0%) 1993 11 996 (8.3%)

prdue apicwie aai 53 (.0)1994 12 313 (8.5%)
time trend with potential differences for each covariate. Iowa 19 350 (13.4%) 1995 12 491 (8.6%)

Each covariate was fitted separately to allow interactions New Mexico 7180 (5.0%)

between the covariates and time. Seattle 20 832 (14.4%) Surgical treatment
Utah 7107 (4.9%) Mastectomy 97 481 (67.3%)

Using the multivariate model, we calculated the odds Atlanta 11 080 (7.7%) Breast-conserving 47 278 (32.7%)
ratio for receipt of appropriate care in 1995 compared Size of MSA (number of people) surgery
with 1989, with adjustment for age, race, stage, and size <250 000 30 115 (20.8%)
of MSA. Because inappropriate care is not a rare event in _>250 000 114 599 (79.2%)
this cohort, the odds ratio is a biased estimate of the Characteristics of study population
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Figure 1: Use of breast-conserving surgery and use of therapy defined as appropriate in the study population

based on tumour size. Information on tumour size was We postulated that the decrease in the proportion of
available only from 1988, so we restricted these analyses patients receiving appropriate therapy was associated with
to women diagnosed from 1988 to 1995. Among 45 540 increased use of breast-conserving surgery. Of all patients
women with stage I disease, those with tumours of in the cohort, the proportion of patients undergoing
0-10 mm and 11-20 mm in diameter did not differ mastectomy treatment that did not meet the standard
(p=0"09) in terms of decline in use of appropriate therapy. (total mastectomy without lymph-node dissection or

20
Any inappropriate breast-conserving surgery

18 - Any inappropriate mastectomy

16 - Breast-conserving surgery without radiotherapy

-- Breast-conserving surgery without lymph-node dissection
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Figure 2: Proportion of women undergoing care that did not meet the consensus statement standards
Proportions undergoing breast-conserving surgery without radiotherapy and without axillary lymph-node dissection add to more than the total undergoing any
inappropriate breast-conserving surgery because some women underwent neither. The denominator includes 144 759 women diagnosed with local or
regional breast cancer from 1983 to 1995, who underwent either mastectomy or breast-conserving surgery.
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Figure 3: Proportion of patients undergoing breast-conserving surgery who received both radiotherapy and axillary lymph-node
dissection, only one ancillary treatment, or neither
Denominator is 47 278 women diagnosed with local or regional breast cancer from 1983 to 1995 who underwent breast-conserving surgery as primary
therapy.

subcutaneous mastectomy) remained stable at about Discussion
2"7% throughout most of the study period (figure 2). By We have shown a decrease in the appropriateness of

contrast, the proportion of the total cohort undergoing primary therapy for early-stage breast cancer during the
breast-conserving surgery that did not meet the standard period 1990 to 1995, as judged against the 1990 US
(no radiotherapy, no axillary node dissection, or neither) National Institutes of Health Consensus Statement. The
rose from about 10% in 1989 to almost 19% at the decline occurred in all subgroups based on age, stage of

end of 1995. About equal proportions of women disease, and race. It was more pronounced among women
underwent care that was judged inappropriate because living in more urban areas, probably because such women
radiotherapy was omitted and because axillary node are more likely to undergo breast-conserving surgery.4',,6

dissection was omitted. The decrease in the overall proportion of women who
We further postulated that the decrease in received appropriate care is attributable to increased use

appropriateness of care was related to a decrease over time of breast-conserving surgery during the early 1990s. We
in the proportion of patients undergoing breast- emphasise that the proportion of patients treated

conserving surgery who received radiotherapy or lymph- conservatively who received appropriate care did not
node dissection. However, among the women undergoing change during this time. Rather, there has been a

breast-conserving surgery, the proportion who received substitution of a newer therapy, breast-conserving surgery
radiotherapy and axillary node dissection increased during for the previously dominant mastectomy therapy. Because
the mid-1980s and remained stable at about 65% breast-conserving surgery is not carried out according to
during the 1990s (figure 3). Therefore the decrease in the consensus standards in a substantial minority of
the proportion of patients in the entire cohort undergoing patients, and mastectomy therapy is carried out according
appropriate treatment was related to the overall increase to consensus standards in the vast majority of cases, there
in the use of breast-conserving surgery and was not has been a decrease overall in the likelihood that on
attributable to a decrease in the proportion of the patients average patients will receive appropriate therapy.

who underwent breast-conserving surgery and received Some physicians or patients might disagree with the
radiotherapy and lymph-node dissection (figure 3). consensus statement recommendations for use of
Of the women who underwent breast-conserving surgery, radiotherapy and axillary node dissection in certain

roughly equal proportions did not receive radiotherapy, subgroups of patients (eg, those at very low risk).
axillary node dissection, and neither ancillary treatment However, the decline in appropriateness was found in all

by 1995. subgroups examined, which does not support such
Although the number of women treated each year disagreement as an explanation for our findings. Patients

for breast cancer in this cohort increased 13.6% from are diverse, and consensus panel recommendations
1989 to 1995 (from 10 996 women in 1989 to cannot be expected to be applied rigidly to everyone.
12 491 women in 1994), the number of women each Therefore, that 100% of women did not undergo therapy
year who received conservative treatment that did not meeting the consensus standard is not surprising. What is
satisfy the consensus guideline nearly doubled over the surprising, however, is that the proportion of the
same period (from 1158 women in 1989 to 2207 women population meeting the standard declined in the years
in 1995). immediately after the consensus conference. The SEER
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sites we studied include about 10% of the US population, Our results raise concern about translation of breast-
so our results suggest that more than 22 000 women each conserving therapy into clinical practice in the 1990s.
year may be receiving initial care that does not meet the Although most women do receive appropriate care, a
consensus standard. return to the appropriateness levels of the late 1980s

Women treated with breast-conserving surgery who do would require a substantial increase in adherence to the
not receive radiotherapy have local recurrence rates of consensus standard for use of radiotherapy and axillary
about 35% after 5 years. 7-20 Although such recurrences node dissection in women undergoing breast-conserving
did not influence survival in the randomised trials of surgery. These findings highlight the need for careful
breast-conserving surgery, the use of this approach study of the use and outcomes of new therapies as they are
without radiotherapy has been associated with higher adopted into practice.
mortality in two population-based observational
studies.' 22  In addition, local disease recurrence is Contributors
psychologically devastating for many women. Some may All the investigators contributed to the design of the study and analysis of
argue that patients with small tumours and stage I disease the results. Raymond Hoffmann was primarily responsible for developing

the multivariate analysis, with input from the other investigators.
who are treated with breast-conserving surgery do not Ann Butler Nattinger drafted the report, and all the investigators
need radiotherapy. However, we are aware of no contributed to editing.
authorative group that has recommended against the use
of postoperative radiotherapy in any subgroup of women Acknowledgments
treated with breast-conserving surgery23 We thank Susan Goodman for assistance with preparation of the report.

Some groups of researchers have questioned the need This study was supported by a grant from the Department of Defense
(DAMD17-96-1-6262).
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EARLY REPORT

Early report

Contribution of central sensitisation to the development of non-
cardiac chest pain

Sanchoy Sarkar, Qasim Aziz, Clifford J Woolf, Anthony R Hobson, David G Thompson

Summary Introduction
Angina pectoris generally indicates myocardial ischaemia

Background Non-cardiac chest pain mimics angina pectoris and is characterised by pain within the centre of the chest,
but generally originates from the oesophagus. Visceral which radiates to the neck and upper limbs and can be
hypersensitivity may contribute, but its neurophysiological associated with tenderness of the anterior chest wall.'
basis is unclear. We investigated whether central However, in up to a third of patients, no cardiac cause is
sensitisation, an activity-dependent amplification of sensory found, and these patients are labelled as having non-
transfer in the central nervous system, underlies visceral cardiac chest pain.' In most of these patients the pain is
pain hypersensitivity and non-cardiac chest pain. attributed to the oesophagus on clinical grounds,' 4 but

conventional investigations do not identify the cause of
Methods We studied 19 healthy volunteers and seven the pain.
patients with non-cardiac chest pain. Acid was infused into Research studies of non-cardiac chest pain have
the lower oesophagus. Sensory responses to electrical suggested that visceral pain hypersensitivity may be
stimulation were monitored within the acid-exposed lower important in its pathogenesis, largely because stimulation
oesophagus, the non-exposed upper oesophagus, and the of the oesophagus induces pain at intensities that are
cutaneous area of pain referral, before and after the infusion, innocuous in healthy people.5 The neurophysiological

basis for this hypersensitivity is unclear; proposed
Findings In healthy volunteers, acid infusion into the lower mechanisms include abnormally heightened afferent nerve
oesophagus lowered the pain threshold in the upper responses to normal sensory inputs and abnormal
oesophagus (mean decrease 18.2% [95% Cl 10.4 to 26-0]; cognitive processing of such inputs.2

p=0-01) and on the chest wall (24.5% [10.2 to 38.7]; Somatic pain hypersensitivity after tissue injury
p=0.01). Patients with non-cardiac chest pain had a lower typically has two important properties. First, it manifests
resting oesophageal pain threshold than healthy controls (45 both as allodynia (a previously innocuous stimulus
[30 to 58] vs 64 [49 to 81] mA; p=0.04). In response to acid induces pain) and hyperalgesia (the pain response to a
infusion, their pain threshold in the upper oesophagus fell noxious stimulus is exaggerated). Second, it is diffuse,
further and for longer (mean fall in area under threshold/time present not only at the site of injury (primary), but also in
curve 26.7 [11.0 to 42.3] vs 5.8 [2-8 to 8.8] units; p=0.04). surrounding healthy tissue (secondary).'' 7 Primary

allodynia or hyperalgesia is the result of an inflammatory-
Interpretation The finding of secondary viscerovisceral and mediator-induced increase in the transduction sensitivity
viscerosomatic pain hypersensitivity suggests that central of the peripheral terminals of high-threshold nociceptive
sensitisation may contribute to visceral pain disorders. The fibres.6'7 Secondary allodynia or hyperalgesia results solely
prolonged visceral pain hypersensitivity in patients with non- from an increase in excitability of spinal-cord neurons
cardiac chest pain suggests a central enhancement of (central sensitisation) induced by activation of nociceptive
sensory transfer. New therapeutic opportunities are therefore C-fibres in the area of injury.6-8 Central sensitisation is
possible. mediated by phosphorylation of N-methyl-D-aspartate

(NMDA) receptors expressed by dorsal-horn neurons,"
Lancet 2000; 356: 1154-59 which leads to an increase in their excitability and
See Commentary page 1127 receptive field size. This process results in the recruitment

and amplification of both non-nociceptive and nociceptive
inputs from adjacent healthy tissue, thereby generating
secondary allodynia and hyperalgesia, respectively.

Despite supporting data from studies in animals,""
a role for central sensitisation in visceral pain
hypersensitivity has not been established in human beings.
We have explored whether secondary allodynia can be
induced within the human oesophagus and whether
central sensitisation has a role in the pathogenesis of

Section of Gastroenterology, University of Manchester, Hope visceral hypersensitivity in non-cardiac chest pain.
Hospital, Salford, UK (S Sarkar MRCP, Q Aziz MRCP, A R Hobson MPhil,
D G Thompson FRcp); and Department of Anesthesia and Critical Methods
Care, Massachusetts General Hospital and Harvard Medical Participants
School, Boston, MA 02129, USA (C J Woolf MRCP) We recruited 19 healthy volunteers (18 male, one female;
Correspondence to: Dr Clifford J Woolf, Neural Plasticity Research aged 21-39 years [mean 28]) affiliated with the
Group, Department of Anesthesia and Critical Care, Massachusetts gastrointestinal unit at Hope Hospital, Salford, UK. None
General Hospital, 149 13th Street, Room 4309, Charlestown, had a history of chest pain or oesophageal symptoms and
MA 02129, USA none were taking any prescribed medication. All had
(e-mail: Woolf.Clifford@mgh.harvard.edu) normal oesophageal motor function on standard
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Distance from RT Site and Use of BCS



Abstract

Objectives: To determine the relationship of distance from a hospital with radiotherapy to

receipt of breast-conserving surgery (BCS), and receipt of radiotherapy after BCS.

Methods: For 17,729 breast cancer patients from the Surveillance, Epidemiology, and End

Results Tumor Registry, diagnosed in 1991-92, we determined distance from

patient residence to the nearest hospital with radiotherapy facilities. We analyzed

the relationship of this distance to receipt of BCS therapy, and to receipt of

radiotherapy among BCS patients.

Results: Women residing 15 or more miles from a hospital with radiotherapy were

significantly less likely to undergo BCS than other women. Among women

undergoing BCS, those residing 40 or more miles from a hospital with

radiotherapy had a lower chance of undergoing radiotherapy (OR=0.55, 95%

CI=0.37-0.82). The distance factor did not, however, explain the geographic

variation previously observed in the use of these treatments.

Conclusions: Long distance from patient residence to a hospital with radiotherapy is a barrier to

use of BCS, and to receipt of radiotherapy after BCS.



Introduction

Substantial geographic variation in the use of breast-conserving surgery (BCS) for early stage

breast cancer has been documented (1, 2). In general, BCS has been used more in the New

England and Middle Atlantic states, and less in the South Atlantic and Central states (1). BCS

has also been used to a greater degree in highly urban areas than less urban or rural areas (1, 3),

for patients treated in hospitals with radiotherapy facilities (1, 3), and for patients residing in

counties with more radiotherapy facilities (4).

In one study, the population density explained only a small part of the geographic variation in

use of BCS (1). Nonetheless, the fact that BCS is used less in rural areas and less in the

generally less densely populated central and southern states raises the question of whether these

geographic differences may be attributable to distance the patient must travel to a radiotherapy

site. According to the National Institutes of Health Consensus statement on early stage breast

cancer, women undergoing BCS should receive postoperative radiotherapy to decrease the

likelihood of local disease recurrence (5). Radiotherapy is typically provided in treatments that

are given 5 days per week for 5-6 weeks (6, 7). Therefore, patient residence at some distance

from a radiotherapy site might be a substantial barrier to the use of BCS as initial treatment.

In addition to these considerations, it has been observed that a substantial minority of women

undergoing BCS do not actually receive postoperative radiotherapy (2, 4, 8, 23). Ideally, one

would expect that the issue of access to a radiotherapy site would be addressed prior to the

selection of BCS as initial therapy. However, it is conceivable that distance to a radiotherapy
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site might also function as a barrier to receipt of radiotherapy among those women who have

undergone BCS (4, 8, 9).

The purpose of this study is to better understand distance from a radiotherapy facility as a

determinant of receipt of BCS as opposed to mastectomy for early breast cancer, and also as a

determinant of receipt of radiotherapy among women who undergo BCS.

Methods

Patients were selected from the National Cancer Institute's Surveillance, Epidemiology, and End

Results (SEER) registry public-use database. Information was acquired from nine distinct

population-based tumor registries representing about 10% of U.S. cancer patients, and included

information on patient demographics and cancer treatment. The SEER sites included were the

states of Connecticut, Iowa, New Mexico, and Utah and the metropolitan areas of Atlanta,

Detroit, Seattle-Puget Sound and San Francisco-Oakland. Hawaii was excluded because of the

unusual geographic characteristics of this state.

A cohort was selected of 21,135 women who were aged 30 or older at time of first diagnosis of a

stage I or II unilateral breast cancer in 1991-1992, and who underwent breast conserving surgery

or mastectomy. We determined the census tract of residence of each patient from the SEER

records, and determined the latitude and longitude of the census tract from the U.S. Census

Bureau's Zip Code Equivalency file (10). We excluded 3,387 women who had incomplete

census tract information: no census tract in SEER (1,687 women) or unable to locate census tract

latitude and longitude from the Zip Code Equivalency file (1,700 women), leaving 17,748
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women. For each patient, age at diagnosis and race were determined from SEER. As an

indicator of socioeconomic status, the percent of adults living in the patient's census tract who

had a college education was determined from 1990 U.S. Census (11). Information on

socioeconomic status was unavailable for 19 women, leaving a final study cohort of 17,729

women.

To determine the location (latitude and longitude) of U.S. hospitals offering radiotherapy

services, the following procedure was used. General medical/surgical hospitals offering

radiotherapy services were determined using the 1990 American Hospital Association (AHA)

Annual Survey of Hospitals (12). Of the 1,257 such hospitals, the latitude and longitude of 87%

were determined from the 1997 AHA Annual Survey (13). (The 1997 AHA Annual Survey was

the first year to include hospital latitude and longitude, the coordinates of which were determined

directly from the street address.) For those hospitals not included in the 1997 Annual Survey, we

determined the latitude and longitude of the hospital's zip code from the U.S. Census Bureau

data (14).

Statistical Analysis

For each patient in the cohort, the hospital with the shortest distance from the census tract of

residence of that patient was determined, using a standard formula for computing the distance

between two coordinates of latitude and longitude (15).

The relationship of distance to a hospital with radiotherapy and receipt of BCS therapy was

determined, with and without adjustment for the patient characteristics of age, stage, race, and

educational status, which have previously been shown to be determinants of use of BCS (1, 2,



16). Logistic regression was employed, with the dependent variable whether the patient

underwent BCS therapy or mastectomy. Age was categorized as 30-49 years, 50-64 years, 65-79

years, and 80 or more years at diagnosis. Race was categorized as white, non-white, or unknown.

The proportion of adults in the census tract of residence of the patient with a college education

was analyzed as a continuous variable.

In separate analyses, the relationship of distance to a hospital with radiotherapy was determined

for women who did or did not undergo radiotherapy after undergoing a BCS procedure. A

multivariable analysis again employed logistic regression to adjust for the patient characteristics.

Results

Of the 17,729 women in the study cohort, over half had stage I disease, the majority were white,

and almost 60% underwent mastectomy therapy (Table 1). Of the 7,384 patients who underwent

BCS, 74.8% were known to have undergone radiotherapy, and 2.7% more had an unknown

status with respect to radiotherapy. The median patient lived 4.1 miles from a hospital with

radiotherapy, the mean distance from a hospital with radiotherapy was 7.8 + 12.1 miles, and

89.2% of the patients lived within 15 miles of such a hospital.

Women residing an increasing distance from a hospital with radiotherapy had a declining

likelihood of undergoing BCS (Fig., Table 2). The lower probability of undergoing BCS was

statistically significant for women residing 15 miles or more from the nearest hospital with

radiotherapy, as the confidence intervals at these distances excluded one. There was no

substantive difference in the results with or without adjustment for the patient characteristics of
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age, stage of disease, race, and educational status. Therefore, only adjusted results are presented

in the table.

We had postulated that any relationship of distance to radiotherapy site and therapy undergone

might be more prominent among older women. However, when the analysis was limited to the

8095 women aged 65 and older, the results were virtually the same as for the entire cohort (Table

2).

Among the 7,187 women who underwent BCS and for whom receipt of radiotherapy was known,

we explored the relationship of distance from a hospital with radiotherapy and receipt of

radiotherapy. A significant decrease in the probability of receipt of radiotherapy was observed

for women living 40 or more miles from a radiotherapy site (Table 3). This finding also was not

changed by adjustment for the patient characteristics. Although this finding was significant, only

1.7% of the patients who received BCS lived this far from a hospital providing radiotherapy.

Similar results were obtained when the analysis was limited to women aged 65 and older.

We were further interested in whether the relationship between distance from radiotherapy

facility and receipt of BCS might explain the differential use of BCS previously observed by

geographic region and size of MSA. To determine this, we assessed the fit of logistic regression

models, incrementally including the relevant factors. As seen in table 4, the likelihood ratio test

for a logistic model using the patient covariates (age, race, stage, education) plus distance from

radiotherapy is significant, compared to a model including only the patient covariates as

predictors of receipt of BCS. When the size of the MSA in which the patient resides is added to
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that model, the likelihood ratio test is again significant, implying that MSA size contributes

explanatory power incremental to that of the radiotherapy distance and the patient characteristics.

In an analogous comparison, when SEER site is added to the model with radiotherapy distance,

the likelihood ratio test is highly significant, again suggesting that geographic region adds

predictive value incremental to that of distance and the patient characteristics.

Using a similar set of comparisons, we found that size of MSA and SEER site also have

incremental explanatory power in a model including patient characteristics and distance as

predictors of receipt of radiotherapy after undergoing BCS (table 4).

Discussion

We find a significant decrease in the likelihood of undergoing BCS as opposed to mastectomy

among women who reside 15 or more miles from a hospital with radiotherapy facilities. This

finding persists after controlling for patient characteristics known to predict use of BCS and is

observed for women both older and younger than age 65. Among women who undergo BCS, a

lower probability of undergoing radiotherapy is observed consistently only among women who

reside 40 or more miles from a hospital with radiotherapy facilities.

Geographic variation has been demonstrated previously in the use of BCS, and in the use of

radiotherapy after BCS (1-3, 18). Transportation could be a barrier to receipt of BCS or

radiotherapy (19), as may be the case for other cancer treatments (20,2 1). This study finds that,

although distance is a determinant of those treatments, distance does not account for all the

geographic variation in their use. Similarly, distance does not account for the previously



demonstrated (1,3) fact that women residing in more urban areas have a greater use of BCS than

other women.

The lesser use of BCS among breast cancer patients living 15 or more miles from a radiotherapy

dite does not mean that these women undergo inappropriate care. Nonetheless, these women

may not perceive access to BCS as a realistic treatment option. The finding of a lower use of

radiotherapy among BCS recipients living 40 or more miles from a hospital with radiotherapy,

however, does raise an issue of appropriateness of care (23). Radiotherapy has been clearly

recommended for women who undergo breast conservation as primary therapy (5), and women

who undergo BCS without radiotherapy have local recurrence rates of about 35% over 5 years

(24-27).

Although the distance of more than 15 miles from a radiotherapy site has a moderate effect on

the receipt of BCS, only 11% of the women in this cohort lived 15 miles or farther away.

Similarly, only 3.1 % of the entire study cohort and 1.7% of the BCS patients lived 40 miles or

more away from a hospital with radiotherapy. However, this cohort probably under-represents

the actual percentage of U.S. women living more than 15 (or more than 40) miles from a hospital

with radiotherapy for two reasons. We had to exclude almost 8% of the potentially eligible

patients due to lack of a census tract, and such women are probably more likely to reside in rural

areas. Also, persons residing in the SEER coverage areas are more urban than the remainder of

the U.S. population (17). For example, in 1990, 14.1% of the SEER population resided in rural

areas, compared with 22.7% of the non-SEER U.S. population (17). Therefore, the percentage of



U.S. women affected by the findings of this study is probably higher than the percentage in this

particular cohort.

This study is limited by the fact that we did not know the hospital at which the patient actually

underwent her breast cancer operation. It is possible that a woman who underges surgery at one

hospital might not consider the possibility of obtaining radiotherapy at a different hospital. Also,

the distances were calculated as the shortest distance between two points, which may be shorter

than the actual traveling distance. However, our analysis was consistently based on the

minimum distance the patient would have needed to travel to obtain radiotherapy.

It is also possible that the SEER data misclassified some women with respect to receipt of

radiotherapy (22). Assuming that such misclassification is independent of distance from a

hospital with radiotherapy facilities, it would tend to reduce the power of this study in

determining differences in use of radiotherapy by distance. Therefore, the true distance at which

receipt of radiotherapy is influenced by distance from a radiotherapy site might be less than the

40 miles we report.

In conclusion, distance from a hospital with radiotherapy facilities is a barrier to the receipt of

BCS for early stage breast cancer, and also to the receipt of radiotherapy after BCS. This factor

does not account for the previously reported variations in breast cancer treatment by geographic

region, nor for the greater propensity of women living in more urban areas to undergo BCS

treatment.
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Table 1

Characteristics of Patients in the Cohort

Number Percentage
Age at diagnosis
(years):

30-49 4,354 24.6
50-64 5,280 29.8
65-79 6,198 35.0
80+ 1,897 10.7

Stage (AJCC):
I 9,740 54.9
II 7,989 45.1

Race:
White 15,603 88.0
Black 1,439 8.1
Other/Unknown 687 3.9

Number Percentage
SEER site:

San Francisco 3,413 19.2
Connecticut 2,813 15.9
Detroit 3,818 21.5
Iowa 2,225 12.5
New Mexico 770 4.3
Seattle 2,273 12.8
Utah 1,058 6.0
Atlanta 1,359 7.7

Surgery:
Mastectomy 10,345 58.3
BCS with RT 5,377 30.3
BCS without RT 1,810 10.2
BCS with unknown RT 197 1.1

Percent of census tract
with college education

Mean = 26.5%
Standard deviation = 16.8%
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Table 2

Distance of Patient Residence to Nearest Hospital with Radiotherapy, as a Predictor of Use of
BCS for Early Stage Breast Cancer

Odds of Receipt of BCS*

Overall Age >_ 65 years
OR (95%CI) OR (95%CI)

Distance from Hospital with
Radiotherapy

<5 miles

5 to <10 miles 1.08 (1.00-1.06) 1.07 (0.95-1.20)

10 to <15 miles 1.07 (0.95-1.19) 0.98 (0.82-1.18)

15 to <20 miles 0.76 (0.62-0.92) 0.72 (0.52-0.99)

20 to <30 miles 0.61 (0.50-0.75) 0.49 (0.37-0.66)

30 to <40 miles 0.44 (0.34-0.58) 0.32 (0.22-0.45)

40+ miles 0.43 (0.35-0.53) 0.42 (0.31-0.56)

*Adjusted for age, stage of disease, race, educational status.
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Table 3

Distance of Patient Residence to Nearest Hospital with Radiotherapy Facilities, as a Predictor of
Use of Radiotherapy, Among Patients Undergoing BCS

Odds of Receipt of Radiotherapy*

Distance from Hospital Overall Age _ 65
with Radiotherapy OR(95%C 1) OR(95%)

0 to <10 miles - -

10 to <20 miles 0.79 (0.65-0.94) 0.76 (0.57-1.01)

20 to <30 miles 1.03 (0.68-1.55) 0.81 (0.46-1.40)

30 to <40 miles 0.91 (0.55-1.51) 0.97 (0.47-2.01)

40+ miles 0.55 (0.37-0.82) 0.56 (0.32-0.97)

*Adjusted for age, stage, race, and educational status.
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Table 4
Incremental Explanatory Effect of Distance from Radiotherapy Site, Size

Of MSA*, and SEER** Site on Breast Cancer Treatment

Model Components LR Test P-value R2

Use of BCS vs
Mastectomy
1. Covariates

2. Covariates + 151.9 with 6 df. < 0.001 0.275
Distance (versus model 1)

3. Covariates + 79.7 with 2 df. <0.001 0.282
Distance + MSA (versus model 2)

4. Covariates + 389.3 with 7 df. <0.001 0.311
Distance + SEER (versus model 2)
Site

Use of RT in BCS
Patients
5. Covariates

6. Covariates + 13.8 with 4 df. 0.008 0.368
Distance (versus model 5)

7. Covariates + 56.4 with 2 df. <0.001 0.377
Distance + MSA (versus model 6)

8. Covariates + 237.3 with 8 df. <0.001 0.405
Distance + SEER (versus model 6)
Site

• MSA = size of metropolitan statistical area

•* SEER = Surveillance, Epidemiology, and End Results Registry
df. refers to degrees of freedom
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Background. Increasing numbers of older women with breast cancer are receiving breast-

conserving surgery (BCS). However, substantial numbers of them are not receiving either

axillary dissection or adjuvant irradiation.

Objective. To determine whether failure to perform axillary dissection or irradiation is

associated with decreased survival in women with early-stage breast cancer.

Method. We studied 26,290 women with early-stage breast cancer aged 25 in 1983-1993 who

received BCS, using data from Medicare and the Surveillance, Epidemiology and End Results

Program.

Results. Twenty seven percent of women aged 25 receiving BCS did not receive axillary

dissection, most of whom (74%) were age >_65. Women receiving BCS with axillary dissection

had lower 7-year breast cancer-specific mortality than did those without dissection (hazard

ratio=0.53, 95% confidence interval: 0.44-0.63). We found an interaction between receipt of

axillary dissection and radiotherapy on survival of older women after BCS. Women who

received either axillary dissection or radiotherapy experienced similar survivals to those who

received both axillary dissection and radiation, while women who received neither treatment

experienced poorer survival (hazard ratio=1.76, 1.23-2.52), after controlling for demographics,

tumor size and comorbidity.

Conclusions. The combination of no axillary dissection plus no radiation after BCS is

associated with an unacceptably high level of deaths from breast cancer. The lack of

improvement in the past two decades in survival of older women with breast cancer may be

explained in part by the increasing use of treatments that do not address potential tumor in

axillary nodes.
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Introduction

Axillary node dissection is a component of modified radical mastectomy, and also is

commonly used in breast conserving surgery. There are two major rationales for axillary

dissection. 1-3 First, it physically removes potentially cancerous tissue in the axilla. Second, it

allows for adequate staging information as a guide to more appropriate therapy. It could be

argued that these two rationales are less compelling today than in the 1980's and before. For

example, radiotherapy to the axillary nodes would accomplish a similar goal to physical removal

of cancerous tissue.4 Also, increased use of adjuvant chemotherapy in early stage breast cancer

means that the distinction between local and regional cancer may have less impact on choice of

therapy now than it did before.

The reasons outlined above have led some authorities to question the wisdom of routine

axillary dissection,5-8 and this is reflected in an increasing percentage of women with early stage

breast cancer who do not receive axillary dissection as part of initial treatment.1'9

On the other hand, there are serious concerns raised by the omission of axillary

dissection. It would appear that substantial numbers of older women who do not receive axillary

dissection also are not receiving radiation therapy or chemotherapy. '1 0 - 12 Approximately 20-50%

of women with early stage breast cancer will have positive axillary nodes found on axillary

dissection. 1, 3' 14 In most women with axillary node metastases there is no indication of

metastases on clinical palpation of the axilla.13-18 Even women with very small primary tumors

of 0.5 to 1.0 cm in size have a greater than 10% incidence of axillary node metastases.' 19 It
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would appear that many of these women are receiving no therapy directed against the axillary

node tumor. 1' 10

Therefore, we hypothesize that the failure to perform axillary dissection is associated

with decreased survival in women diagnosed with early stage breast cancer. To test this

hypothesis we examined the survival difference between older breast cancer patients receiving

axillary dissection and those without axillary dissection, and examined the role of radiation

therapy, chemotherapy and comorbidity. We used a data base in which information from the

Surveillance, Epidemiology and End Results (SEER) registry was linked to Medicare Part A and

B files.20 22 This allows us to better consider factors such as adjuvant radiation therapy and

chemotherapy, as well as control for comorbidity, in survival analyses.

Methods

Data Sources

We used two data sources: (1) the Surveillance, Epidemiology and End Results (SEER)

1973-96 Public Use Data Set, and (2) the merged SEER-Medicare database. The SEER Public

Use Data Set was used to examine the 7-year survival rate for cases diagnosed in 1988 and 1989.

The SEER-Medicare linked database was used to examine the use of radiation therapy and

chemotherapy and to determine comorbidity levels for cases diagnosed between 1991 and 1993.

These years were studied because Medicare claims were available for all incident cases

diagnosed beginning in 1991.
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The SEER program supports population-based tumor registries in four metropolitan areas

(San Francisco/Oakland, Detroit, Atlanta, and Seattle) and five states (Connecticut, Iowa, New

Mexico, Utah, and Hawaii), covering approximately 10% of the U.S. population. 23 Since 1992

SEER registries included 11 areas, accounting for about 14% of the U.S. population. 23

Information includes tumor location, size and histologic type; demographic characteristics such

as age, gender, race and marital status; and types of treatment provided within four months after

the date of diagnosis.2 4 The SEER data set does not contain information on comorbidity, and

information on chemotherapy and radiation therapy is considered incomplete.2 0 ' 21,2 5

The Medicare claims data used in the study included inpatient hospital claims; claims for

outpatient facility services, including ambulatory surgery; and claims for physicians' and other

medical services. Cases reported by the SEER registries from 1991 to 1996 have been matched

against the Medicare master enrollment file. The method of linking these data has been

described elsewhere.2 0

Study Population

Two study populations were analyzed separately. In the SEER data set, there were 26,290

female patients aged 25 and older who were diagnosed with early stage breast cancer, i.e. the

American Joint Committee on Cancer (AJCC) stages I or II in 1988-1993, and who received

breast-conserving surgery.

In the SEER-Medicare linked data, after excluding those without both Medicare Part A

and Part B in the year of diagnosis, the study population were 14,089 women diagnosed with
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early stage (AJCC stage I or stage II) breast cancer at age 65 and older in 1991-1993. After

excluding those who received mastectomy, or received no cancer directed surgery, or had

missing information on the months of diagnosis, 5,328 who received breast-conserving surgery

were included in the analysis.

Treatment and survival

Surgery and axillar dissection. In SEER, breast-conserving surgery (BCS) was defined as

segmental mastectomy, lumpectomy, quadrantectomy, tylectomy, wedge resection, nipple

resection, excisional biopsy, or partial mastectomy unspecified, with or without dissection of

axillary lymph nodes. 24

Radiation therapy. We have previously shown that combining data from SEER and Medicare

provided more complete information on radiation therapy.21 As previously described, receipt of

radiation therapy was determined from SEER, supplemented by review of Medicare claims for

radiation therapy within 4 months after diagnosis.

Chemotherapy. Chemotherapy was ascertained from the Medicare data through procedure and

revenue center codes on at least one claim for chemotherapy made within 12 months after

diagnosis of breast cancer. These codes included the ICD-9-CM procedure code of 9925 for a

hospital inpatient or outpatient facility claim of chemotherapy (injection or infusion of cancer

chemotherapeutic substance), 26 the Common Procedure Terminology codes of 96400-96549,

J9000-J9999, and Q0083-Q0085 for a physician or outpatient claim of chemotherapy

administration, 272 8 and revenue center codes of 0331 (chemotherapy injected), 0332
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(chemotherapy oral) and 0335 (chemotherapy intravenous) for an outpatient claim of

chemotherapy. 9 The ICD-9-CM V codes 26 of V5 8.1, V66.2, or V67.2 for follow-up

examination or care after chemotherapy was also used, that generated 3 additional cases in the

category of receiving chemotherapy within 12 months of diagnosis.

Comorbidity index. Comorbidity was ascertained from the Medicare data through ICD-9-CM

diagnoses or procedures on claims made 2 years prior to the diagnosis of breast cancer. We used

the comorbidity index created by Charlson 30 and later validated by Romano and colleagues using

the ICD-9-CM diagnosis and procedure codes. 31 Comorbidity scores were calculated for each

patient. Both the Medicare inpatient and outpatient claims were searched for comorbid

conditions, but not including breast cancer diagnosis codes (ICD-9-CM codes of 174x). Patients

who had no inpatient or outpatient Medicare claims during this period were coded as a separate

category.

Mortality and Survival Time. Breast cancer-specific death was defined similar to the method of

the Early Breast Cancer Trialists' Collaborative Group,4 if patients died of breast cancer as a

underlying cause of death, or if patients with breast cancer died of unknown causes which was

similarly used by other investigator. Information on months of survival from the date of

diagnosis was provided in SEER. The last date of the follow-up for this cohort was December

31, 1996. This would allow analyses on the 7-year survival in women diagnosed with breast

cancer in 1988-1989 from SEER Public Use Data, and 3-year survival among women diagnosed

in 1991-1993 from the SEER-Medicare linked data.
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Analysis

After patients who were lost to follow-up or died of other diseases were censored, a 7-year

Kaplan-Meier survival curve was produced using the LIFETEST procedure for women

diagnosed with breast cancer in 1988-1989.32 In a separate analysis, all deaths in the first four

years were censored and a survival curve from 4 to 7 years was constructed, in order to reduce

any effect of comorbidity which might be expected to differentially affect early deaths. The log

rank test was used to test the significant differences between stratified curves. In addition, the

Cox proportional hazard model was used in the survival analyses using the PHREG procedure

available in the SAS statistical package. 32 These analyses took into account possible

confounding factors such as age, race, marital status, cancer stage, tumor size, SEER area, and

comorbidity level.

Results

Table 1 presents the percentages of women receiving breast-conserving surgery (BCS)

with or without axillary dissection by patient and tumor characteristics. Overall, 27% of all

women with early stage breast cancer who underwent BCS did not receive axillary dissection as

part of initial surgical treatment. Older women, unmarried women and those with very small

(<0.5 cm) or very large tumors (>=4.0 cm) were less likely to receive axillary dissection. The

data on the percentages receiving axillary dissection by stage are misleading, because the major

means of distinguishing regional from local stage is by axillary dissection. Thus there is a

misclassification bias of underreporting regional stage tumor in women without axillary

dissection. Because of this, in the survival analyses we control for tumor size rather than stage.
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Figure 1 presents Kaplan-Meier survival curves of the 7-year breast cancer specific

survival for women receiving BCS with or without axillary dissection. Survival was significantly

greater for women with axillary dissection as compared to those without axillary dissection

(P=0.0001). The hazard ratio for mortality at seven years was 0.53 (0.44-0.63) for women with

axillary dissection as compared with those without, after adjusting for age, marital status, race,

tumor size and SEER area. There was also a significant difference in the survival curves between

years 4 and 7 (P=0.0001) after deaths in the first 3 years were censored as a crude control for

comorbidity.

As discussed in the Introduction, axillary dissection may be less important if patients not

receiving axillary dissection receive adjuvant radiation therapy or chemotherapy. We

investigated this issue in women aged 65 and over and diagnosed with early stage breast cancer

between 1991 and 1993 using the SEER-Medicare linked data, which provides information on

radiation therapy, chemotherapy, and comorbid conditions. 20 Table 2 presents the percentage of

women receiving radiation and chemotherapy as a function of receipt of axillary node dissection.

Of women receiving BCS without axillary dissection, nearly two-thirds (62%) also did not

receive radiation therapy. The great majority of these older women (97%) did not receive

chemotherapy. Women not receiving axillary dissection actually had a lower chance of

receiving radiation or chemotherapy than those who had axillary dissection.

Table 3 presents the interaction between axillary dissection and receipt of radiation

therapy on mortality of women aged 65 and older with early stage breast cancer. Women

receiving neither axillary dissection nor radiotherapy were at a significantly higher risk for death,
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compared to those who received both axillary dissection and radiation therapy. Women

receiving either radiation alone without axillary dissection, or axillary dissection without

radiation were not at significantly higher risk for death, after adjusting for patient and tumor

characteristics.

Discussion

The findings of this study can be summarized as follows. First, substantial numbers of

older women receiving breast-conserving surgery do not receive axillary dissection. Second, of

those women not receiving axillary dissection, most also do not receive either adjuvant radiation

therapy or chemotherapy. In other words, they receive no therapy directed at occult cancer in the

axillary nodes. The percentage of older women who receive no therapy to their axillary nodes

has been steadily increasing over the past decade. 1' 33-35 Third, patients receiving breast-

conserving surgery without axillary dissection experience significantly worse survivals than

those who do, after controlling for other factors known to affect survival. Finally, there is an

interaction between receipt of axillary dissection and radiation therapy on survival, such that

women who receive either axillary dissection or radiation therapy experience similar survivals to

those who receive both axillary dissection and radiation, while women who receive neither

treatment experience substantially poorer survivals.

In randomized controlled trials of women receiving breast-conserving surgery for early

stage breast cancer, axillary dissection has no impact on survival, while the present study and
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another recent report9 found a strong effect of axillary dissection on survival in women treated in

the community. We will discuss several possible reasons for this difference.

First, in the randomized trials showing no survival advantage associated with axillary

node dissection, all other therapies (e.g., radiation, chemotherapy) were held constant. In actual

community practice, a major theoretical benefit of axillary dissection would be that the results

would influence choice of other treatments. At least one RCT has results that directly support

that interpretation. Cabanes and colleagues 36 randomized 658 patients with breast cancers < 3

cm in diameter to receive lumpectomy alone or lumpectomy plus axillary dissection. All

patients received radiotherapy to the breast and axilla, but choice of chemotherapy and tamoxifen

was left to the discretion of the treating physicians. Not surprisingly, the group receiving axillary

dissection had a much higher percentage of patients classified as regional stage; these patients in

turn were more likely to receive adjuvant therapies; and they experienced substantially lower

overall five year mortality (relative risk of death for the group not receiving axillary dissection =

2.4, P<0.01).

Second, follow-up of patients would be expected to be better in a randomized controlled

trial than in the community. Local or regional recurrence of disease would be picked up early,

and appropriate therapy was initiated, thus minimizing the impact of axillary dissection on

survival. In the community, surveillance after initial treatment for breast cancer is sporadic. For

example, 22% of women who underwent breast-conserving surgery without adjuvant

radiotherapy did not receive any mammography in the 2 years after initial treatment. 37
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A third potential explanation for the discrepancy between randomized controlled trials

and population-based observational studies on the impact of axillary dissection on survival is

possible selection bias in the community; that is, women with underlying comorbidity might be

less likely to receive axillary dissection and also be at higher risk for death. However, it is

important to note that we were assessing only breast cancer-specific mortality, not total

mortality. In addition, controlling for underlying comorbidity did not appreciably affect the

increased breast cancer-specific mortality associated with axillary dissection. Finally,

eliminating all deaths in the first four years after diagnosis, as an additional control for

comorbidity, did not eliminate the impact of axillary dissection on breast cancer-specific

survival.

We found no difference in survival among those who received axillary dissection plus

radiation versus radiation therapy alone. This was unexpected, because those receiving axillary

dissection would be more likely to be correctly staged and therefore more likely to receive

chemotherapy and other treatments (Table 2 and reference 21). One reason for this may be that

too few women received chemotherapy for there to be a noticeable effect on survival (Table 2).

We should point out the limitations of this study. First, there is no information on why

women did not have an axillary dissection. Second, information on chemotherapy from

Medicare has not been well validated externally, and its completeness is unknown.

However, our preliminary data on patterns of chemotherapy use would suggest that

Medicare claims data are relatively complete and accurate in identifying chemotherapy use

(manuscript submitted for publication). In addition, as we previously demonstrated, the
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fact that Medicare data demonstrates good validity in other aspects of breast cancer care

(radiation therapy and type of surgery)21'22 provides indirect support for the validity of

information for chemotherapy in Medicare. The information on radiation therapy from the

combined sources of SEER and Medicare would appear to be complete.21 Third, there was no

information on the use of sentinel node biopsy in SEER, although this procedure may have

potential to be a replacement for routine axillary dissection. However, it has still not been

confirmed for routine use,38 and it was unlikely to have been widely used during the study

period. Finally, information on estrogen-blocking therapy for breast cancer cannot be addressed.

We assumed that women not receiving axillary node dissection, who would thus be likely for

understaging, would have been less likely to receive estrogen antagonists, just as they were less

likely to receive radiation and chemotherapy.

In conclusion, a substantial number of older women with early stage breast cancer in the

United States receive BCS without axillary dissection, and most of those women also do not

receive adjuvant radiation. This combination of no axillary dissection plus no radiation after

BCS is associated with an unacceptably high level of deaths from breast cancer. Breast cancer

survival has improved steadily over the past 25 years, except for older women.39 '40 The lack of

improvement in the past two decades in survival of older women may be explained in part by the

increasing numbers of older women who receive treatments that do not address potential tumor

in the axillary nodes." 9
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Table 1. Receipt of axillary dissection by women with breast cancer who
received breast conserving surgery (BCS) between 1988 and 1993 in 9 SEER
areas, by patient and tumor characteristics

Patient and Number (%) of Number (%) of
tumor women receiving women receiving Total
characteristics BCS* without BCS* with axillary

axillary dissection dissection
Age (years)

25-54 931 (10.2) 8173 (89.8) 9104

55-64 835 (15.2) 4674 (84.8) 5509

65-74 1604 (26.0) 4573 (74.0) 6177

75+ 3421 (62.2) 2079 (37.8) 5500

Race

White 6021 (26.0) 17145 (74.0) 23166

Black 463(26.1) 1313(73.9) 1776

Other 252 (20.9) 955 (79.1) 1207

Unknown 55 (39.0) 86 (61.0) 141

Marital status

Married 2588 (17.4) 12276 (82.6) 14864

Unmarried 3866 (36.0) 6876 (64.0) 10742

Unknown 337 (49.3) 347 (50.7) 684

Cancer stage

Stage I 5143 (28.7) 12750 (71.3) 17893

Stage IIA 1442 (22.4) 4998 (77.6) 6440

Stage IIB 190 (10.8) 1564 (89.2) 1754

Stage II,NOS t 16 (7.9) 187 (92.1) 203

Tumor size (cm)

<0.5 472 (38.9) 743 (61.1) 1225

0.5-<1.0 1294 (25.0) 3883 (75.0) 5177

1.0-<2.0 2857 (23.9) 9089 (76.1) 11946

2.0-<3.0 1362 (25.2) 4053 (74.8) 5415

3.0-<4.0 466 (30.4) 1066 (69.6) 1532

4.0+ 324 (40.4) 478 (59.6) 802

Unknown size 16 (7.9) 187 (92.1) 203

Total 6791 (25.8) 19499 (74.2) 26290

* BCS denotes breast-conserving surgery.

t NOS - not specified.
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Table 2. Receipt of radiation therapy and chemotherapy in women aged 65 and older who
underwent breast conserving surgery in 1991 through 1993, with or without axillary node
dissection*

Surgical treatment Number Number (%) of Number (%) of
categories of patients women receiving women receiving

radiation therapy t chemotherapy
breast conserving surgery
without axillary dissection 2215 853 (38.5) 69 (3.1)

breast conserving surgery
with axillary dissection 3113 2673 (85.9) 249 (8.0)

* For women with early stage (local or regional) breast cancer diagnosed between 1991 and 1993

from the SEER-Medicare linked database.
t Radiation therapy was defined if SEER data indicated so or if there were Medicare claims for
radiation therapy within 4 months after diagnosis of breast cancer.
t Chemotherapy was defined if patients had at least one Medicare claim for chemotherapy within
12 months after diagnosis.
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Table 3. Interaction between receipt of axillary dissection and
radiation therapy on breast cancer survival in women aged 65
and older with early stage breast cancer, 1991-1993

Variables Number of Hazard ratio for 3-year
patients breast cancer specific
(n=5328) mortality (95% CI) 

Patients receiving BCS, by
receipt of axillary dissection
(Ax) and radiation (XRT)*

No Ax + no XRT 1362 1.76 (1.24-2.49)

No Ax + XRT 853 1.11 (0.74-1.68)

Ax + no XRT 440 1.00 (0.59-1.70)

Ax + XRT 2673 1.00

Other key risk factors in the
model
Age (years)

65-69 1287 1.00

70-74 1415 1.03 (0.69-1.53)

75-79 1189 1.02 (0.67-1.54)

80+ 1437 1.15 (0.76-1.74)

Tumor size (cm)

<0.5 264 1.00

0.5-<1.0 1252 1.11 (0.42-2.93)

1.0-<2.0 2419 2.07 (0.84-5.12)

2.0-<3.0 968 3.51 (1.40-8.77)

3.0-<4.0 255 6.76 (2.62-17.44)

4.0+ 138 5.50 (2.00-15.12)

Unknown size 32 2.52 (0.89-7.09)

Comorbidity index scores 1:

No Medicare claims 344 0.82 (0.44-1.54)

0 3616 1.00

1 637 1.53 (1.06-2.22)

2 323 1.76 (1.11-2.79)

3+ 408 2.05 (1.37-3.05)

* BCS (breast-conserving surgery), No Ax (no axillary dissection); no XRT

(no radiation therapy); Ax (axillary dissection); XRT (radiation therapy).

I Hazard ratios (95% confidence interval), adjusted for the variables listed in
the table and also adjusted for marital status (married, unmarried and unknown),
race (white, black, and other), and 9 SEER areas.
t Comorbidity was assessed by a validated algorithn 2 9' 30 using Medicare claims.
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Legend for Figure 1.

Figure 1. Kaplan-Meier breast cancer specific survival curve for women with early stage

breast cancer, stratified by breast-conserving surgery (BCS) with and without axillary

dissection.

The 7-year breast cancer specific survival curves are shown for women diagnosed with breast

cancer diagnosed in 1988-1989. The log rank test for survival curves between BCS without

axillary dissection and BCS with axillary dissection was statistically significant for two groups

(P=0.0001). Data are for all women aged 25 and older diagnosed with early stage breast cancer

in one of the 9 SEER areas in 1988 and 1989 (n=6,318), and followed though 1996 from SEER

Public Use Data Set.
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INTRODUCTION

Although randomized clinical trials are generally regarded as the highest level of

evidence guiding clinical care 1, studies have shown substantial lag time before the

results of such trials are incorporated into clinical practice 2-5. In the case of breast-

conserving surgery (BCS) as therapy for early stage breast cancer, the first U.S.

randomized trial showing equal 5-year survival with BCS or mastectomy treatment was

published in 1985 6. Although the use of BCS rose moderately from 1983 to 1985, the

use of BCS was virtually flat over the first several years after the 1985 randomized trial

publication 4, 7, 8 and did not rise further until 1990 9, 10

In addition to slow early adoption, BCS treatment has been characterized by

variation in level of use by patient factors such as age 11-13, geography 5, 12, urban vs.

rural residence 4, 5, 14, and socioeconomic status 15.

One might expect some variation in use of a new therapy early in its adoption due

to the time it takes for dissemination of information and acceptance into physician

practice. Such variation should decrease once the therapy becomes better established. In

our study, we hypothesized that variation in the use of BCS by demographic patient

factors would decrease after the NIH Consensus Conference held in January 1990. The

consensus statement from this conference held that BCS treatment with radiotherapy was
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not only appropriate for women with early stage breast cancer, but that it was preferable

because it provided equivalent survival while preserving the breast 16.

METHODS

Databases

SEER National Tumor Registry Files. The National Cancer Institute's SEER

program consists of a group of population-based tumor registries, each of which provides

data to the national program. The nine sites analyzed in this study include five whole

states (CT, HI, IA, NM, UT), and four metropolitan areas (Atlanta, Detroit, San

Francisco-Oakland, and Seattle-Puget Sound) 17.

The SEER registries function according to a standardized set of procedures.

Incident cancers in persons residing within the coverage areas are determined from

hospitals, offices, and some freestanding centers. For each subject with an incident breast

cancer, information is abstracted regarding demographics, stage of disease, and initial

therapy administered or planned within 4 months.

United States Census Data. We used the U.S. 1990 Census files to provide

estimates of socioeconomic data for patients in the study cohort 18. For each patient, we

determined the mean per capita income, percentage who had completed high school, and

size of the metropolitan statistical area for the county of residence.
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Study Subjects

A cohort of 158,498 women was selected from 238,005 women diagnosed with

breast cancer between 1983 and 1996. BCS use was calculated for each quarter based on

date (month and year). Women were excluded for the following reasons: the cancer was

in situ, distant or unstaged; breast cancer was not the patient's first cancer; no

microscopic confirmation of disease; patient did not receive either a mastectomy or BCS;

age at diagnosis was less than 30; or breast cancer was bilateral.

Age at diagnosis was categorized as 30-49, 50-64, 65-79, and 80 and older. Race

was categorized as white or nonwhite. Women were considered to have received BCS if

they underwent segmental mastectomy, lumpectomy, quadrantectomy, tylectomy, wedge

resection, excisional biopsy, or partial mastectomy. The size of the metropolitan

statistical area (MSA) of the county of residence of the patient was categorized as

follows: 1) more than 1 million persons (MSA=1); 2) 100,000 to 1 million persons

(MSA=2,3,4); or 3) <100,000 persons or rural (MSA=0). The per capita income (PCI) of

the county of residence of the patient was categorized into quartiles: 1) less than or equal

to $13,016, 2) $13,017-$17,115, 3) $17,116-$18,983, and 4) >$18,983. Likewise,

educational status was categorized by quartiles based on the percent of high school

graduates in the county of residence of the patient: 1) less than or equal to 77.69%, 2)

77.7-81.21%, 3) 81.22-84.71%, and 4) 84.72-91.95%.
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Statistical Analysis

We modeled the probability of receipt of BCS for each individual with logistic

regression. Piecewise linear splines were used to model change over time. Knots, or join

points, for the splines were based on overall use of BCS between 1983-1996. We

identified five time segments based on overall use of BCS: 1) an early phase from 1983-

84, 2) a 6-month period of rapid rise in BCS use during the first 2 quarters of 1985, 3) a

period of stable use from the 3rd quarter of 1985 through the 4h quarter of 1989, 4) a 6-

month period of decline in BCS use within the stable period previously shown to be

attributable to a celebrity role model who underwent mastectomy 8, and 5) a late phase

beginning in the 1" quarter of 1990 and continuing through 1996. Accordingly, knots

were placed at 1 t quarter 1985, 2nd quarter 1985, 3rd quarter 1985, 4th quarter 1987, 1St

quarter 1988, and 1t quarter 1990. A logistic regression model predicting BCS use by

age, education, income, population density, and SEER site was created to simultaneously

adjust for each of the other factors. The model was applied separately to each of the

subgroups of the factors being studied. Age was analyzed stratified by stage of disease

(local, regional) because there was a significantly different pattern between the two

stages. The Hosmer-Lemeshow test 19 was performed to assess goodness-of-fit for each

model.
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The results of the logistic regression were used to evaluate the variability in use of

BCS over time by the factors. Three aspects of variation were assessed for the subgroups

of each factor. First, the order or ranking of subgroups of the factor with respect to

adjusted use of BCS was determined for the calendar years of 1983 and 1996. Statistical

differences in the rankings of the subgroups were sought by performing Wald z-tests 19 of

the standard errors for each subgroup compared to the others. Second, the spread was

calculated as the difference between the adjusted means of the highest and lowest use

subgroup in 1983, 1986, 1990, and 1996. Wald Z-tests 19 were performed to determine

significant differences. Third, the slopes of the subgroups of each factor were compared

in the late period (1990-1996). A Tukey's HSD (Honestly Significant Difference) was

used for multiple comparison adjustment. The overall p-value was set to 0.05.

RESULTS

Of the 158,498 patients, 24.3% were aged 30-49, 31.8% were 50-64 years, 33.6%

were 65-79 years, and 10.4% were 80 and older. Eighty-seven percent were white, and

65.6% had local stage disease. Over the 14 years of study, 34.6% underwent BCS.

Consistent with previous reports 4, 7-10 absolute use of BCS increased from 13.9% in

1983 to 53.6% in 1996.
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Change in Use of BCS by Age

Patterns of use of BCS by age differed for local and regional stage disease and,

therefore, were examined separately. Among women witl-local stage disease, those aged

80 and older had the highest BCS use in 1983 (p < 0.001), and women aged 30-49 had

the next highest use (p < 0.001) (Figure 1, top). By 1996, the ordering of the age groups

with respect to BCS use had changed substantially. The use of BCS among women 80

and older was now significantly lower than among women 50-64 (p < 0.001) and no

longer differed significantly from women aged 30-49 or aged 65-79 years. By 1996, the

use among women aged 30-49 years was intermediate, and no longer differed

significantly from any other age group. Between 1983 and 1986 the spread between the

highest and lowest use age groups decreased (p = 0.01), after which it remained constant

through 1996. With respect to slope, or rate of change in BCS use from 1990-1996,

women aged 30-49 and 80 and older had significantly smaller slopes than women in other

age groups over this time (p < 0.001). This finding may predict even lower relative use of

BCS in these age groups in future years.

Figure 1, bottom, shows BCS use by age for women with regional stage disease.

In 1983, the oldest and youngest age groups had greater use of BCS than the middle two

age groups (p < 0.003). By 1996, women aged 80 and older had significantly lower use

than all other age groups (p < 0.005), and women aged 65-79 had lower use than younger

women (p <0.001). In contrast to the pattern with local stage disease, the spread between
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highest and lowest use age groups remained constant through 1990, then increased

between 1990 -1996 (p < 0.01).

Change in Use of BCS by Socioeconomic Status

In 1983, the women in the two wealthiest quartiles of per capita income had use

of BCS which was higher than use among women in the 3rd quartile (p < 0.001), which

itself was higher than use among women in the poorest quartile (p < 0.001) (Figure 2).

By 1996, use was ordered by wealthiest to poorest quartile, with each quartile differing

significantly from the others (p < 0.001 for each). A significant increase in spread

occurred between 1983 and 1986 (p = 0.0012) which increased even further between

1990-1996 (p < 0.001). From 1990 to 1996, the slopes between the quartiles of income

did not differ, suggesting that these differences may persist into the near future.

In 1983, women in the lower two quartiles of educational status had lower use of

BCS than women in each of the upper quartiles (p < 0.001). By 1996, use of BCS among

women in the lowest education quartile was significantly less (p < 0.001) than among

women in the better-educated quartiles which, in turn, did not differ from each other.

There was no significant change in the spread between 1983 and 1996. The slope between

1990 and 1996 was similar between the highest and lowest education groups and likewise

between the middle two education groups. The slope is significantly greater in the middle

two groups than in the best and least educated groups (p < 0.006).

Change in Use of BCS by Population Density and Region
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In 1983, there was greater use of BCS in more highly urban areas (p < 0.001)

(Figure 3). By 1996, the two most urban categories have similar use, and both have

significantly greater use than the least urban category (p <-0.001). The spread between

highest and lowest use groups increased by 1990 (p = 0.014) and thereafter remained

stable. From 1990 to 1996, the slope of the second most urban group is significantly

greater than that of the most urban (p < 0.001).

While there were some minor changes in the ordering among the SEER sites,

substantial geographic variation in use of BCS persisted through 1996 (Figure 4). The

spread in use decreased significantly between 1983 and 1986 (p = 0.0015) and then

remained constant through 1996.

DISCUSSION

In this paper, we have shown that the use of BCS has increased over time among

all subgroups of age, income, education, population density, and geographic location.

However, we did not find the expected decreased variation in use of BCS by 1996. In

fact, the only significant and sustained decrease in spread was observed for the

characteristic of age among women with local stage disease. Among women with

regional stage disease, the spread in use between age groups actually increased between

1990 and 1996. In addition, the differential use early in the adoption of BCS based on

socioeconomic status, population density, and geographic location persisted over the

entire 14-year period of observation. In the case of each of these factors, the slopes from
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1990 to 1996 suggest that differential use by subgroups is likely to persist, at least into

the foreseeable future.

An extensive literature has accumulated on changing physician's practices. This

literature has documented generally disappointing results in attempts to change practices

with the use of educational strategies 20, NIH consensus statements 20, 21, and clinical

practice guidelines 21, 22. Rather, changes in practice may depend more on the

organization of local medical practice communities 22, 23, less formal channels of

dissemination of information 24, and market competition factors 23, 25. However, few

have studied physician practice change with respect to patient subgroups. During the

period of time we studied the use of BCS, there was substantial overall change in the

patterns of practice with respect to BCS, as shown by the dramatic increases in the use of

this technique. Yet, there was remarkably little change in the relative use among patients

of different socioeconomic strata, urban vs. rural residence, and geographic location.

The persistent differences in use of BCS by socioeconomic status are particularly

compelling. Early in the diffusion of a new treatment, physician knowledge of the

treatment options would tend to play a critical role in the variation in use. However, the

persistently higher BCS use among women of higher socioeconomic status over time

suggests other factors at play. We believe this persistent variation in use reflects, in good

part, underlying differences in patient beliefs and values 2 6 . While the focus in the
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4 ,4

literature of technology diffusion has primarily been on the adopter rather than the

recipient of the technology, the findings may be applicable to the recipients as well. The

personal attributes of early adopters include 1) they have more years of formal education,

2) are more likely to be literate, and 3) have a greater ability to deal with abstractions

than do later adopters 27. In the case of breast-conserving treatment for early stage breast

cancer, for example, better-educated women may be more likely to be aware of and seek

out treatment options even if not initially offered by their physician. Better -educated

patients may be more willing to accept the rather abstract notion that an irradiated cancer

is just as "gone" as a cancer that has been surgically removed. On a more practical level,

these differences may be a reflection of women opting for a treatment that requires the

least time away from work, or the least time away from daily tasks and obligations.

The changing pattern of relative use of BCS by age described here may explain

disagreement among previous authors regarding use of BCS by age. Some previous

studies have shown higher BCS use among older women and some have shown lower

use. The reason for these apparent discrepancies is likely due to the time period studied.

In two studies which found that women aged 80 and older had greater use of BCS, the

time period analyzed was 1983-1986 11, 14, a time during which the current study also

finds high use among women aged 80 and older. By about 1986, the use of BCS among

women under 50 years exceeded the use by women aged 80 and older, explaining the fact
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that studies of years after 1985 found lower use among women aged 80 and older 4, 9,

10, 28. In our statistical model, BCS use was calculated quarter by quarter over the entire

period of study enabling highly accurate interpretation of 3CS use by year. In future

studies of BCS use by age, it will be important for investigators to consider the changing

use of BCS by age over time.

Our findings on population density confirm previous studies that have found an

association between increased use of BCS and more urban residence 5, 14. Other studies

have found an association between greater use of BCS and large hospital size7 , 29 and

also the presence of radiation facilities4 , 5, 7, 28, both of which are also related to urban

location of the hospital. The fact that the differential use of BCS by population density

has increased over time supports the view that the urban-rural discrepancy in use of BCS

is more likely attributable to access issues, or different beliefs or values, than to lack of

knowledge about the newer therapy. Again, this suggests systematic decision making by

physicians and patients based on logistical realities of the treatment options presented.

A limitation of our study is that the population residing within the SEER areas is

more affluent and more urban than the remainder of the United States 30. However, given

that rates of breast conserving treatment are higher in more affluent and urban women,

we would anticipate an even greater discrepancy between groups if we could study the

general population. Our measures of socioeconomic status are ecologic, and based on
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county level data. Unfortunately, the national SEER database does not include census

tract information that would allow a more accurate estimate of income and educational

status. However, any resulting misclassification should be non-differential, which, if

anything, would make it harder to detect differences between subgroups. This makes our

positive findings all that much more significant.

Conclusion

Our analysis confirms that demographic differences in BCS use have persisted for

more than 10 years after the publication of the first U.S. randomized trial of this therapy.

The fact that these differences have persisted for so long suggests that they are not due

simply to lack of physician knowledge about treatment options for early stage breast

cancer. Rather, the differences may be a reflection of patient decision making based on

their own beliefs and values given two equally effective treatments. Just as the optimal

rate for overall BCS use is not necessarily 100%, the optimal rate may vary by age,

income, education and location of the patient, as well as other variables not evaluated in

this study. In the case of treatment for early stage breast cancer, it is conceivable that

practice variation is even a marker of success in terms of physicians listening to patients

and incorporating their values and beliefs into treatment decisions.
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Legend

Figure 1

Use of breast-conserving surgery for early stage breast cancer by subgroups of age, over

the time period 1983-1996. The top graph is based on women with local stage disease,

and the bottom reflects women with regional stage disease. Plotted points are based on a

logistic regression model that simultaneously adjusts for socioeconomic status, race,

population density and SEER site as described in the text.
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Legend

Figure 2

Use of breast-conserving surgery for early stage breast cancer by per capita income

(PCI), 1983-1996, based on a logistic regression model simultaneously adjusting for SES,

race, population density and SEER site.
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Legend

Figure 3

Use of breast-conserving surgery for early stage breast cancer by population density,

1983-1996, based on a logistic regression model simultaneously adjusting for SES, race,

population density and SEER site.
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Legend

Figure 4

Use of breast-conserving surgery for early stage breast cancer by SEER site, 1983-1996,

based on a logistic regression model simultaneously adjusting for SES, race and

population density.
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BACKGROUND. Although a number of studies conserving surgery, 91% of cases were con-
have used Medicare claims data to study firmed by SEER. The Medicare physician ser-
trends and variations in breast cancer treat- vices claims and inpatient claims were
ment, the accuracy and completeness of infor- approximately equal in accuracy on type of
mation on surgical treatment for breast cancer surgery. The Medicare outpatient claims were
in the Medicare data have not been validated, less accurate for breast-conserving surgery. In

OBJECTIvES. This study assessed the accuracy terms of completeness, when the 3 claims
and completeness of Medicare claims data for sources were combined, 94% of patients receiv-
breast cancer surgery to determine whether ing breast cancer surgery according to SEER
Medicare claims can serve as a source of data to were identified by Medicare.
augment information collected by cancer reg- CONCLUSIONS. The combined Medicare claims
istries. database, which includes the inpatient, outpa-

METHODS. We used the Surveillance, Epide- tient, and physician service claims, provides
miology and End Results (SEER) Cancer Reg- valid information on surgical treatment among
istry-Medicare data and compared Medicare women known to have breast cancer. The claims
claims on surgery with the surgery recorded by are a rich source of data to augment the informa-
the SEER registries for 23,709 women diag- tion collected by tumor registries and provide
nosed with breast cancer at 265 years of age information that can be used to follow long-term
from 1991 through 1993. outcomes of Medicare beneficiaries.

RESULTS. More than 95% of women having Key words: breast cancer; mastectomy; breast
mastectomies according to the Medicare data conserving surgery; SEER; Medicare. (Med Care
were confirmed by SEER. For breast- 2000;38:719 -727)

Administrative databases have been increasingly cancer,4- 7 to examine treatment patterns for breast
utilized in studies of health care outcomes over the cancer,8,9 and to study clinical surveillance of breast
past decade. 1-8 For example, Medicare claims data cancer, such as postoperative use of radiotherapy.10,11
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be useful for research, there are some concerns, for this analysis. The SEER program, supported by
including the accuracy of the diagnostic and proce- the National Cancer Institute, includes
dure coding

1- 6,12 demographic coding errors,2 " in- population-based tumor registries in selected geo-
complete coverage of all Medicare beneficiariesZ 2  graphic areas. In 1992, these areas included the
and completeness of the daims.z, 1 3 Recently, Coo- metropolitan areas of San Francisco-Oakland, De-
per and colleagues14 found that the sensitivity of troit, Atlanta, and Seattle; Los Angeles County; the
Medicare data for detection of breast cancer was San Jose-Monterey area; and the states of Con-
reasonably high, especially if Medicare parts A and B necticut, Iowa, New Mexico, Utah, and Hawaii.21

are combined and surgical procedure codes were These areas cover -14% of the US population.21

used. On the other hand, Warren et al7,15 determined The registries ascertain all newly diagnosed (inci-
that the diagnostic codes from Medicare hospital dent) breast cancer cases from multiple reporting
claims had high predictive value for breast cancer sources, such as hospitals, outpatient clinics, lab-
incidence but that the diagnoses from the physician oratories, private medical practitioners, nursing/
claims had low predictive value. Medicare data also convalescent homes/hospices, autopsy reports,
have limited utility for measuring cancer stage.16  and death certificates. 13,2Z 23 Information includes

The accuracy and completeness of information tumor location, size, and histological type; such
on surgical treatment for breast cancer in Medicare demographic characteristics as age, gender, race,
data, however, have not been validated, even and marital status; and types of treatment pro-
though a number of studies have used Medicare vided within 4 months of the date of diagnosis. 22

claims data to study trends and variations in breast In the case of surgery, SEER records the most
cancer treatment. 8- 1, 7 Although the coding and invasive surgery.
completeness of mastectomies in the inpatient The Medicare program is administered by the
claims appear to be very good,' 2, 8 the accuracy Health Care Financing Administration (HCFA). It
and completeness of information on breast- covers hospital, physician, and other medical ser-
conserving surgery (BCS) are not known. In par- vices for >97% of persons -65 years of age.13,23

ticular, the increasing use of BCS8,19 and the shift The Medicare claims data used in the study in-
to more outpatient treatment 2° have raised ques- cluded the following 3 files: (1) Medicare Provider
tions about the completeness and accuracy of Analysis and Review File, which contains inpatient
claims for surgery performed outside the hospital. hospital claims; (2) the Hospital Outpatient Stan-

This study was conducted to assess the accuracy dard Analytic File, which contains the claims for
and completeness of Medicare data for breast outpatient facility services; and (3) the 100% Phy-
cancer surgery through the use of all available sician/Supplier File, which contains the claims for
Medicare claims sources: hospital inpatient, hos- physicians' and other medical services. These data
pital outpatient, and physician services data. Of were available for all beneficiaries starting in 1991.
interest is the extent to which the claims provide Therefore, we used all cases diagnosed between
information on breast cancer-related surgery in January 1, 1991, and December 31, 1993.
the first course of therapy and whether the type of Cases reported by the SEER registries from 1973
surgery is confirmed by an external source of data. to 1993 have been matched against Medicare's
The overall goal is to determine, with the use of a master enrollment file. Of persons -65 of age
cohort of women reported by cancer registries as appearing in the SEER records, Medicare eligibility
having breast cancer, whether Medicare claims can could be identified for 94%. The method of linking
serve as a source of data to augment information these data has been described elsewhere.13,20 For
collected by cancer registries and be used to SEER cases found to be Medicare eligible, their
describe surgical treatment patterns in older claims are available through 1994.
women with breast cancer.

Study Population
Methods

The study population consisted of all female
Data Sources patients diagnosed with breast cancer at -65 years

of age between 1991 and 1993. Excluded were
We used the merged Surveillance, Epidemiol- women who did not have full coverage of both

ogy and End Results (SEER)-Medicare database Medicare parts A and B or who were members of
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HMOs in the year of diagnosis because claims to 1994 for surgery that were made within 4
from these organizations may not be included in months (122 days) of the date of diagnosis. Be-
the HCFA databases. Also excluded were 61 pa- cause SEER reported only the month and year of
tients whose month of diagnosis was unknown diagnosis, we therefore arbitrarily defined the day
and 126 patients with no information from SEER of diagnosis in SEER as the 15th of the month.
on surgical treatment. This left 23,709 patients for Date of surgery was determined from the claims
analysis (8,022 in 1991, 8,056 in 1992, and 7,631 in source that first identified the type of surgery
1993). (mastectomy or BCS). For inpatient claims, it was

defined as the date of admission. For outpatient
and physician claims, it was defined as the earliest

Variable Definitions date of service.
Patient and tumor characteristics, such as age,

Breast Cancer-Directed Surgery In SEER, race, tumor stage, and geographic areas, are avail-
BCS was defined as segmental mastectomy, able from the SEER data. The simple K statistic was
lumpectomy, quadrantectomy, tylectomy, wedge calculated to quantify the degree of agreement in
resection, nipple resection, excisional biopsy, or surgical treatment categories between the 2 data-
partial mastectomy unspecified, with or without bases. 26 The odds ratios of concordance on surgi-
dissection of axillary lymph nodes. Mastectomy cal treatment between the 2 databases were gen-
was defined as subcutaneous, total (simple), mod- erated from multivariate logistic regression
ified radical, radical, or extended radical mastec- analyses. These analyses adjusted for age, race,
tomy. tumor stage, and geographic area because previ-

In Medicare, BCS was defined with the follow- ous studies have found that the degree of agree-
ing codes: ICD-9-CM 24 procedure codes 8521 ment of information on treatment is affected by
(local excision), 8522 (quadrantectomy), or 8523 these factors.8,9 ,1 1,:12,20 Four metropolitan areas
(subtotal mastectomy) or common procedure ter- (San Francisco-Oakland was combined with Los
minology2s codes 19120 (local excision), 19160 Angeles County and the San Jose-Monterey area
(partial mastectomy), or 19162 (partial mastec- in California) and 5 states, forming 9 areas, were
tomy with axillary dissection). Mastectomy was adjusted in the analysis. All computer program-
defined with the following codes: ICD-9-CM pro- ming and analyses were completed with the SAS
cedure codes 8541 to 8542 (simple mastectomy), system.27

8543 to 8544 (modified radical), or 8545 to 8548
(radical) or a common procedure terminology
code on a physician or outpatient claim of 19240 Results
(modified radical), 19220 (radical), or 19180 (sim-
ple mastectomy). Table 1 presents comparisons of surgical treat-

ment between the SEER and Medicare databases
in women with breast cancer diagnosed from 1991

Analyses through 1993. Of 13,431 women having mastec-
tomies according to the Medicare data, 95% were

Medicare claims for surgical treatment were confirmed by SEER. For BCS, 88% of cases were
categorized into 3 groups: mastectomy, BCS, and confirmed by SEER. The simple K statistic for
no cancer-directed surgery. Women were consid- overall agreement on surgery between SEER and
ered to have received mastectomy if any of 3 Medicare was 0.75 (95% confidence interval [CI]
Medicare claim sources (inpatient, outpatient, or 0.74 to 0.76). From Table 1, of the 23,709 total
physician/supplier claims) indicated so, regardless patients with breast cancer, in 21,299 (90%) there
of whether or not they had any claims for BCS. If was information regarding surgical treatment in

they had claims for BCS only, they were defined as both SEER and Medicare. Among these patients,
having received BCS. If they had neither claims for concordance between the 2 databases was 94%,
mastectomy nor for BCS, they were considered to and the K statistic was 0.86 (95% CI 0.85 to 0.87).
have no cancer-directed surgery. There was no statistically significant difference for

Because SEER collects only information on the concordance rates between SEER and Medi-
treatment within 4 months of the date of diagno- care for cases diagnosed in 1991 compared with
sis,23 we examined all Medicare claims from 1991 1992 (X2 test, P >0.2) or 1993 (P >0.09).
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TABLE 1. Comparison of Surgical Treatment Between SEER and Medicare Claims Made Within 4
Months of Date of Diagnosis for Women With Breast Cancer Diagnosed From 1991 to 1993

Medicare*

No Cancer-Directed BCS, Mastectomy, Total Row,
SEER Surgery, n (%) n (%) n (%) n (%)

No cancer-directed surgery 674 (66.1) 258 (25.3) 87 (8.5) 1,019 (100.0)
(32.6) (3.1) (0.7)

BCS 477 (5.7) 7,231 (86.4) 658 (7.9) 8,366 (100.0)
(23.1) (88.0) (4.9)

Mastectomy 914 (6.4) 724 (5.1) 12,686 (88.6) 14,324 (100.0)
(44.3) (8.8) (94.5)

Total column, n (%) 2,065 (100.0) 8,213 (100.0) 13,431 (100.0) 23,709
*Caims for surgical treatment were identified from the hospital inpatient, hospital outpatient, or physician

services files in the Medicare database, and only those claims for surgery made within 4 months of the date of
diagnosis of breast cancer were counted here. Women were considered to have received mastectomies if any of the
3 Medicare claim sources (inpatient, outpatient, or physician claims) indicated so, regardless of whether or not they
had any claims for BCS. If they had claims for BCS only, they were defined as having received BCS. If they had no
claims for mastectomy or BCS, they were considered to have no cancer-directed surgery. Values are n (row %)
followed by column percent.

Table 2 presents data on the accuracy of infor- only 34% of those receiving BCS. The physician
mation on type of surgery in each of the 3 Medi- claims showed similar degrees of completeness of
care claims sources compared with SEER. In these information on surgery for patients receiving mas-
analyses, we limited the analyses to cases in which tectomies (91%) and BCS (91%). Of 13,341 pa-
information about type of surgery was available tients with mastectomies and 8,213 with BCS, 54
both in the particular Medicare claims source (0.4%) of patients with mastectomies and 166
examined and in SEER. Approximately 96% of (2.0%) patients with BCS were identified by the
patients with mastectomy claims either in Medi- outpatient claims and were not identified in either
care physician files or in Medicare inpatient files the inpatient or physician claims. When the 3
were confirmed by SEER. As for BCS, 91% and claims sources were combined, 94% of surgeries
88%, respectively, were confirmed by SEER. Of according to SEER were identified by Medicare.
patients with mastectomies in Medicare outpa- Table 4 presents 3 different comparisons of
tient files, 83% were confirmed by SEER, but only information on receipt of surgery between the 2
50% of patients with BCS claims in outpatient files databases. The percentage of patients in whom
were confirmed by SEER. Overall agreement be- there is agreement on receipt of surgery is given,
tween Medicare and SEER was 95% for mastec- as is the K statistic, as a function of patient and
tomy and 91% for BCS (Table 2). tumor characteristics. The last column was a mul-

Table 3 presents the completeness of informa- tivariate analysis, showing the odds of a patient
tion on surgery from the different sources of having concordant information regarding receipt
Medicare claims compared with SEER. The Medi- of surgery between the 2 databases. Concordance
care physician services claims identified >91% of between the 2 data sets was significantly greater in
patients who received breast cancer surgery ac- older women and in whites. Agreement on receipt
cording to SEER. The Medicare inpatient claims of surgery was significantly better in those with
identified 68%; the outpatient claims identified local or regional stage but much lower in those
only 33%. As might be expected, the 3 sources of with distant or unstaged compared to those with
the Medicare claims data differed in their com- in situ cancer. There was variation among the 9
pleteness, depending on the type of breast cancer SEER areas in the extent of concordance on type of
surgery performed. The outpatient claims had data surgery between SEER and Medicare, ranging
on surgery for 44% of those receiving BCS accord- from 81% to 90% (data not shown). When the
ing to SEER but for only 27% of those receiving region variables were excluded from the logistic
mastectomies (Table 3). The inpatient claims had model, the magnitude of the odds ratios for other
data on 86% of those receiving mastectomies and variables changed slightly, but the direction and
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TABLE 2. Accuracy of Information on Type of Surgery in the Medicare Claims Database Compared
With SEER

Cases With Claims for Mastectomy Cases With Claims for BCS in
in Medicare Files Confirmed by Medicare Files Confirmed by

SEER, % (No. Identified by SEER, % (No. Identified by
Source of Medicare Claims SEER/No. in Medicare)* SEER/No. in Medicare)*

Medicare physician claims 96.2 (12,096/12,580) 87.9 (7,105/8,087)

Medicare inpatient claims 96.0 (12,087/12,586) 91.3 (2,369/2,596)

Medicare outpatient claims 82.8 (231/279) 49.7 (3,612/7,269)

Three Medicare claims combined t  95.1 (12,686/13,344) 90.9 (7,231/7,955)

*The analyses are restricted to those cases in which a surgical therapy is coded in both SEER and the particular

Medicare database being assessed for accuracy. As a result, denominators varied by paired comparisons (including
the combined numbers at the bottom of the table).

tIf there was a claim for mastectomy in any of the 3 Medicare claims sources (hospital inpatient, hospital
outpatient, or physician claims files), the case was categorized as mastectomy. Otherwise, the case was categorized
as BCS. Only claims for surgery made within 4 months of the date of diagnosis of breast cancer were examined to
ascertain surgery status.

significance of the odds ratios remained un- addressing these issues, we used the SEER data as
changed. the reference group because the SEER program of

the National Cancer Institute is the most author-
itative source of data on cancer incidence, mortal-
ity, and treatment.2s,29 SEER was designed primar-

The question addressed by this study is whether ily to provide such information,21 whereas the
the Medicare claims data provide valid informa- Medicare claims data are administrative in nature
tion on surgical treatment for patients known to and not designed for research purposes. 1- 6,

1
1- 1

3 In
have breast cancer. This question has 2 compo- addition, the validation study showed that the
nents: one involves accuracy and the other is results on breast cancer surgery were similar in
completeness. We examined these issues for each SEER compared with the National Cancer Data-
of the 3 sources of Medicare claims and for the base of the American College of Surgeons Coin-
combined data from all 3 sources. When we were mission on Cancer and the American Cancer

TABLE 3. Completeness of Medicare Claims on Surgery (Mastectomy or BCS) for Women With Breast
Cancer Diagnosed From 1991 Through 1993

Patients With Mastectomy Patients With BCS
According to SEER Who According to SEER Patients With Either Mastectomy

Were Identified by Who Were Identified or BCS According to SEER Who
Medicare Claims as by Medicare Claims as Were Identified by Medicare

Source of Medicare Having Any Surgery* Having Any Surgery* Claims as Having Any Surgery
Claims (n = 14,324), n (%) (n = 8,366), n (%) (n = 22,690), n (%)

Physician claims 13,078 (91.3) 7,589 (90.7) 20,667 (91.1)

Inpatient claims 12,314 (86.0) 2,868 (34.3) 15,182 (67.9)

Outpatient claims 3,888 (27.1) 3,660 (43.7) 7,548 (33.2)

3 Claims combined t  13,410 (93.6) 7,889 (94.3) 21,299 (93.9)

*Surgery includes either mastectomy or BCS.
tMedicare claims for surgery were identified from the hospital inpatient, hospital outpatient, or physician

services files. Only claims for surgery made within 4 months of the date of diagnosis of breast cancer were
examined to ascertain breast cancer surgery. If there was a claim for mastectomy in any of the claims sources, the
case was categorized as mastectomy. Otherwise, the case was categorized as BCS.
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TABLE 4. Comparison of Surgical Treatment Between SEER and Medicare in Women With Breast
Cancer Diagnosed From 1991 Through 1993

Medicare Versus SEER

Characteristics Number of Simple K Concordant Adjusted Odds Ratio of
From SEER Registry Patients (95% CI) Cases, % Being Concordant (95% CI)*

All patients 23,709 0.75 (0.74-0.76) 86.8 -"
Age, y

65-74 12,902 0.71 (0.70-0.72) 84.8 1
75-84 8,408 0.79 (0.78-0.80) 88.9 1.39 (1.27-1.52)
85+ 2,399 0.84 (0.82-0.86) 90.5 1.51 (1.30-1.76)

Race

White 21,534 0.75 (0.74-0.76) 87.0 1
Black 1,342 0.73 (0.70-0.76) 84.1 0.79 (0.67-0.94)
Other 833 0.77 (0.73-0.81) 87.2 1.17 (0.90-1.53)

Cancer stage
In situ 2,176 0.74 (0.71-0.76) 86.0 1
Local 13,546 0.77 (0.76-0.78) 88.3 1.26 (1.09-1.45)
Regional 5,051 0.70 (0.68-0.73) 88.8 1.44 (1.23-1.69)
Distant 914 0.58 (0.53-0.62) 71.8 0.39 (0.32-0.48)
Unstaged 2,022 0.68 (0.65-0.70) 79.6 0.56 (0.47-0.68)

*Odds ratios were derived from the logistic regression model, adjusted for the variables listed in the table and 9

SEER areas.

Society.30 They found that 53.4% of women with registry data. The study found a high concordance
breast cancer had mastectomies and 37.7% had rate for mastectomy between the 2 databases18
BCS in SEER compared with 54.1% and 40.7%, Warren et al20 described a comparison of mastec-
respectively, in the National Cancer Database.30  tomy between Medicare and SEER in patients who

In terms of accuracy, among patients for whom underwent mastectomies only in 1992-1993. The
information on type of surgery was available from agreement rate was 95% for inpatients and 89%
both Medicare and SEER, 95% of patients who for outpatients. 20 These previous studies on breast
received mastectomies according to the combined cancer surgery depended on the Medicare inpa-
Medicare claims were confirmed by SEER. Of tient or outpatient claims data but did not use the
those who received BCS, 91% were confirmed by physician claims data. We found in this study that
SEER. The Medicare physician services claims and information on surgery identified from the physi-
inpatient claims were approximately equal in ac- cian service claims was similar in accuracy corn-
curacy for type of surgery. The Medicare outpatient pared with that from the inpatient claims. Only
claims were less accurate for BCS. The concor- 50% of BCS from the outpatient claims could be
dance is greater in older women ( 75 years) and identified by SEER. This may largely reflect clinical
in patients with local or regional stage cancer but practice patterns because many women who had
varies among the SEER areas. BCS in the outpatient settings for diagnostic pur-

The accuracy of Medicare data on breast cancer poses may end up with a mastectomy in hospitals.
surgery has also been studied with different refer- Therefore, the combined data from all 3 sources of
ence groups, such as reabstracted records or local Medicare claims should generate the most accu-
cancer registry data. Fisher et al12 compared Medi- rate information on surgery.
care inpatient hospitalization codes for mastec- We also found that any single Medicare claims
tomy with that identified from the reabstracted source did not provide complete information on
hospital record. Of those mastectomies identified surgery (Table 3), although Medicare physician
by the reabstracted record, 97% were found to claims seemed the most complete among the 3
have a code for mastectomy in Medicare data. Medicare claims sources. Medicare outpatient
However, only 33 cases were reviewed. In another claims, although least complete, still identified
study, discharge data from one hospital in New 0.4% of patients with mastectomies and 2.0% of
York City were compared with hospital cancer cases with BCS that otherwise were not identified

724



Vol. 38, No. 7 MEDICARE SURGERY FOR BREAST CANCER

by either inpatient or physician claims. When the breast cancer who received cancer-directed surgery
3 claims sources were combined, 94% of patients according to the Medicare claims data that were not
receiving breast cancer surgery according to SEER recorded in the SEER data. For example, of 1,019
were identified by Medicare. patients who did not have surgery according to

A number of factors might have contributed to SEER, 345 (34%) had claims for such a surgery in
reduce the completeness of the Medicare data on Medicare (Table 1). As previous investigators 11,23,31

surgery. First, information on surgery from Medicare also demonstrated, SEER might not provide corn-
was restricted to those who had daims within 4 plete information on treatment because it might
months of the date of diagnosis. This made it com- sometimes miss information from outpatient set-
patible with SEER data because SEER collects infor- tings and might not record those who moved im-
mation only within this period.23 However, this mediately after diagnosis or underwent treatment in
might have excluded those who had late claims for an out-of-state facility.32 Furthermore, this study was
surgery and thus underestimate the degree of agree- performed in a cohort of women who were diag-
ment between 2 data sets. We did additional analy- nosed with breast cancer and were successfully
ses extending the time frame from 4 to 12 months linked with Medicare data (94% match rate).13 Also
after diagnosis. As a result, the overall agreement excluded were patients enrolled in HMOs and those
between SEER and Medicare on type of surgery without coverage of both Medicare parts A and B in
improved (K=0.78 compared with 0.75 in Table 1). 1991-1993. It is unknown whether the 2 databases
Second, younger patients who recently became eli- would agree on type of surgery for those cases
gible for Medicare coverage might have less corn- excluded, particularly those that were not ascer-
plete information in Medicare claims records. In- tained by SEER as breast cancer but identified by
deed, younger age was a risk factor for lack of Medicare data alone. Nevertheless, there was no
concordance between Medicare and SEER (Table 4). external validation of the information on receipt of
Third, if patients switched their care to HMOs or surgical treatment to assess the accuracy of the
received care in Veterans Affairs hospitals, they may Medicare and SEER data sources and to determine
have missing information in the Medicare claims. which data source is "correct."This may be achieved
Finally, it may be possible that a very small propor- by reviewing the medical records for a sample of
tion of patients in SEER were mismatched with the patients with breast cancer. However, all patient
Medicare data. If this happened, those patients identifiers were removed from the final SEER-
would not have had Medicare claims for breast Medicare linked database for confidentiality reasons,
cancer surgery precluding these analyses.

As previous studies also showed, Medicare claims In conclusion, the combined Medicare claims
data on the validity of mastectomy 12 have been database, which includes the inpatient, outpatient,
found to have a high level of accuracy. In this study, and physician service claims, provides valid informa-
we demonstrated that information on mastectomy tion on surgical treatment among women known to
and BCS is reasonably accurate and complete for have breast cancer. The claims are a rich source of
women known to have breast cancer. Hence, using data to augment the information routinely collected
Medicare claims data may overcome the limitations by tumor registries. In particular, it provides informa-
in ascertaining treatment from cancer registries. tion on receipt of medical services that can be used to

This study has some limitations. First, this analysis examine patterns of care and follow long-term out-
used only the Medicare claims for women identified comes of Medicare beneficiaries.
from the SEER data as having cancer. The accuracy
and completeness of breast cancer-related proce-
dures for non-SEER cases are unknown. It is impor- Acknowledgments
tant to note that the presence of a Medicare claim
with a breast cancer-related procedure does not This study used the Linked SEER-Medicare Data-

confirm that the woman had cancer because some base. The interpretation and reporting of these data
are the sole responsibilities of the authors. We ac-

procedures, such as BCS, may be used for diagnostic knowledge the efforts of the Applied Research Branch,
as well as therapeutic purposes. Second, we used the Division of Cancer Prevention and Population Science,
SEER data as the reference group. Although SEER National Cancer Institute; the Office of Information
provides valid information on breast cancer surgical Services and the Office of Strategic Planning, HCFA;
treatment,30 we found a number of women with Information Management Services, Inc; and the SEER
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