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BACKGROUND: Despite known benefits to needle biopsy for suspicious breast lesions, variability in the use

of this technique has been documented in practice. We sought to study the use of needle biopsy and open

surgical biopsy in women with breast cancer, predictors of needle biopsy use, and the effect of biopsy

choice on overall number of surgical procedures needed to treat breast cancer. METHODS: We analyzed

Surveillance, Epidemiology, and End Results (SEER)-Medicare data for 45,542 women diagnosed between

1991 and 1999 with ductal carcinoma in situ and stage I-II breast cancer. By using diagnosis and procedure

codes from 3 months before to 6 months after the SEER diagnosis, we classified the initial biopsy as needle

or surgical. By using multivariate logistic regression, we identified patient and tumor characteristics associ-

ated with needle biopsy use, and estimated the association between initial biopsy type and likelihood for

multiple breast surgeries. RESULTS: Needle biopsy was the initial procedure for 11,073 (24.3%) women. In

multivariate analyses, needle biopsy use varied significantly by race, year of diagnosis, and tumor size. Af-

ter controlling for patient and tumor characteristics, needle biopsy use was associated with a reduced like-

lihood of multiple breast surgeries (odds ratio, 0.35; 95% confidence interval, 0.34-0.37). CONCLUSIONS:

Use of needle biopsy as the initial breast cancer procedure was more common among black women and

those with larger tumors, and increased significantly over time. Providers should consider needle biopsy

when clinically feasible as the initial breast procedure, because it may reduce the number of surgeries

needed to treat breast cancer. Cancer 2009;115:716–24. VC 2009 American Cancer Society.

KEY WORDS: breast, diagnostic techniques and procedures, outcome assessment (healthcare), health

services research, SEER program, Medicare.

Patients with suspicious breast anomalies face several options to ascertain initial pathologic diagnosis.
Historically, biopsies have been obtained by surgical excision. This procedure, however, causes women
with benign breast disease the inconvenience and discomfort of surgery. In addition, if the margins of the
initial excision are close or positive, patients must undergo additional breast surgical procedures. Needle
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biopsy techniques, including fine needle aspiration,
core biopsy, and vacuum-assisted needle biopsy, are less
invasive than surgical biopsies and accurately diagnose
suspicious breast lesions.1 Using needle biopsy to evaluate
breast abnormalities may eliminate the need for surgery
altogether when the lesion proves benign. When the nee-
dle biopsy shows cancer, subsequent cancer care may be
coordinated, resulting in fewer surgical procedures over-
all. One breast center also reported significant cost savings
associated with image-guided core biopsy compared with
surgical biopsy.2

Despite these documented benefits, data suggest

that the initial breast biopsy approach is quite variable

within3 and across practice settings (S.B.E., unpublished

data). The purpose of this study was to evaluate the prac-

tice patterns and outcomes associated with needle biopsy

and surgical excision in the diagnosis of breast cancer in a

population-based cohort of women aged�65 years.

MATERIALS AND METHODS

Data Sources

We analyzed the Surveillance, Epidemiology, and End

Results (SEER)-Medicare dataset to draw our analytic

sample. The SEER-Medicare dataset is a collaborative

project of the National Cancer Institute, the respective

SEER registries, and the Centers for Medicare andMedic-

aid Services.4 SEER-Medicare data link tumor registry in-

formation with claims for adults enrolled in Medicare;

linkage methods have been described previously.5,6 The

data set captures roughly 97% of incident cancer cases,7

and is especially rich with patients of African-American,

Hispanic, Asian, and Hawaiian/Pacific Islander descent.8

We analyzed tumor registry records and claims from the

11 registries that participated in SEER-Medicare between

1991 and 1999. All data were de-identified, and the study

protocol was deemed exempt from institutional review

board review. A signed data use agreement was executed

by the senior author (C.C.E.).

Study Sample

The total number of breast cancer cases in the SEER-

Medicare database between 1991 and 1999 was 154,926.

Our sample included women with breast cancer diag-

nosed between January 1, 1991, and December 31, 1999,

who had a claim for surgical breast excision within 6

months of their cancer diagnosis (n ¼ 93,468). We re-

stricted the sample to women who were diagnosed with

stage I, stage II, or ductal carcinoma in situ (DCIS) before

death, survived at least 6 months after diagnosis, had valid

diagnosis dates, did not receive chemo- or radiotherapy

before surgery, and had no history of cancer within the

year preceding their breast-cancer surgery (n ¼ 53,010).

We excluded 5481 women diagnosed at age >85 years,

50 women diagnosed at age <65 years, and 1937 women

who did not have continuous Part A and B Medicare cov-

erage throughout the study period. The final analytic sam-

ple included 45,542 women. We used claims data for the

time period of 3 months before breast cancer diagnosis,

through 6 months after breast cancer diagnosis, to deter-

mine study eligibility.

Dependent Variables

By using International Classification of Diseases, Ninth

Edition and Current Procedural Terminology codes, we

identified all breast biopsies and surgical procedures that

occurred during the same 9-month window. The list of

diagnosis and procedure codes used in this study was

developed in consultation with breast cancer clinical

experts and appears in Table 1. In nearly a third of cases

(14,582), women had claims for more than 1 biopsy pro-

cedure during the study period. When multiple biopsy

procedure claims occurred on the same day, we considered

this to be only 1 biopsy. When the same type of biopsy

claim occurred on more than 1 day, we treated this as an

additional biopsy procedure. We then measured the num-

ber of total biopsies and surgical procedures performed on

the breast for each patient during the study period. We

classified each patient as having received 1) a surgical bi-

opsy before surgical excision if the surgical biopsy was

their first or only biopsy procedure, 2) a needle biopsy

before surgical excision if the needle biopsy was their first

or only biopsy procedure, or 3) 1-step surgical excision if

they did not have a needle or surgical biopsy reported.

Women who had 2 or more surgical procedures during

the study period were considered to have had multiple

breast surgeries, and the initial breast biopsy procedure

was not included in this count.
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Independent Variables

Patient characteristics included age at diagnosis, race

(white, black, or other, nonwhite), Hispanic descent, mar-

ital status, and presence of comorbidities, as measured by

the Klabunde modification of the Charlson Comorbidity

Index.9,10 From the SEER registry data, we measured the

following tumor characteristics: stage (DCIS, I, II), tumor

size at diagnosis (<2 cm, 2-5 cm, >5 cm, not recorded),

histology (ductal, lobular, other), and grade (1, 2, 3,

other/unknown). We also obtained the geographic region,

urban or rural residence, prior receipt of state financial as-

sistance, and year of diagnosis from the SEER data. Prior

care in a teaching hospital was measured using Medicare

inpatient claims files. Teaching hospital care was not nec-

essarily associated with the biopsy or surgical procedures

analyzed during the study period.

Statistical Analysis

We examined differences in the frequencies of the initial

biopsy procedures used for the different patient groups (as

defined by sociodemographic, clinical, geographic, and

other characteristics). The frequency of the breast biopsy

procedures over time was examined using the Cochran-

Armitage test for trend. We estimated the likelihood of

needle biopsy as the initial biopsy procedure using a logis-

tic regression model that incorporated patient, tumor,

and system characteristics as the independent variables. As

an initial examination, we compared the total number of

surgical breast procedures performed during the study pe-

riod based on type of initial biopsy with 1-way analysis of

variance (ANOVA). Post hoc tests were calculated using

the Gabriel statistic11 because of uneven group sizes.

Finally, we used logistic regression to estimate the likeli-

hood of multiple breast surgeries during the study period.

The initial model for multiple surgeries included only

patient and tumor characteristics. After retaining signifi-

cant variables, we added type of initial breast biopsy as a

dichotomous predictor variable.

Sensitivity analyses

We measured type of initial breast biopsy as both

categorical (needle biopsy, surgical biopsy, or no biopsy)

and dichotomous (initial needle biopsy or not). No signif-

icant change in parameter estimates was observed when

we compared an ordered logit model for the categorical

measure versus a logistic regression model for the dichoto-

mous measure. We also modified our definition of multi-

ple breast surgeries to include 3 or more surgical breast

procedures during the study period. When we replicated

our logistic regression model estimating the likelihood of

3 or more breast surgeries, our findings did not change

appreciably.

SAS version 9.1 (SAS Institute Inc., Cary, NC) was

used for all analyses. For chi-square and ANOVA results,

P values less than .05 were considered statistically signifi-

cant. Parameter estimates from logistic regression models

were expressed as odds ratios, and 95% confidence inter-

vals (CIs) were calculated.

RESULTS

Baseline Characteristics

Table 2 shows patient and tumor characteristics for the

sample by type of initial breast biopsy. A large number of

patients (n ¼ 16,455) did not have prior inpatient claims

to calculate the modified Charlson comorbidity score, or

to measure history of care in a teaching hospital. We

retained these patients and added a category to our vari-

able to reflect lack of claims data. The distribution of

patients by year ranged from 3460 (7.6%) in 1991 to

5504 (12.1%) in 1992 (results not shown). The mean age

at diagnosis was 74.2 years (standard deviation [SD], 5.3).

Initial needle biopsy was less common for black women

and Hispanic women. The distribution of patients varied

significantly by geographic region: the largest number of

cases was from the West, with subsequent higher rates of

needle biopsy. Initial surgical biopsy was more common

for women with stage II disease, tumors <2 cm in size,

and higher grades. There was no relationship between

type of initial biopsy and number of comorbid conditions,

history of care in a teaching hospital, or history of state

assistance.

Biopsy Trends and Predictors

The use of needle biopsy as the initial procedure nearly

doubled over the study period from 16.5% in 1992 to

30.9% in 1999, and as expected the use of surgical biop-

sies decreased over time (Fig. 1). Cochran-Armitage tests

for trend were significant (z test, �24.69; both P <

.0001).

Breast Biopsy Patterns and Outcomes/Friese et al
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Table 2. Characteristics by Initial Breast Biopsy Technique

Needle Biopsy
(n511,073)

Non-needle Biopsy
(n534,469)

P

Mean SD Mean SD

Patient characteristics
Age at diagnosis, y 74.5 5.3 74.1 5.3 <.001

No. % No. %
Race <.001

White 9970 90.0 31,290 90.8

Black 544 4.9 1802 5.2

Other, non-white 559 5.1 1377 4.0

Hispanic 319 2.9 1165 3.4 .01

Married at diagnosis 5100 46.1 16,349 47.4 .01

Comorbidities .16

0 4278 38.6 13,334 38.7

1 2002 17.8 6111 17.7

2 478 4.2 1444 4.2

‡3 383 3.2 1057 3.1

Missing 3932 36.1 12,523 36.3

Tumor characteristics
Tumor stage <.001

DCIS 1248 11.3 5449 15.8

Stage 1 5149 46.5 19,242 55.8

Stage 2 4676 42.2 9778 28.4

Tumor size <.001

<2 cm 6801 61.4 25,351 73.6

2-5 cm 3567 32.2 6556 19.0

>5 cm 192 1.7 400 1.2

Unknown 513 4.6 2162 6.3

Histology .01

Ductal 7938 71.7 24,493 71.1

Lobular 1096 9.9 3187 3.3

Other 2039 18.4 6789 19.7

Grade <.001

1 1689 15.3 5457 15.8

2 3978 35.9 11,349 32.9

3 2836 25.6 6790 19.7

Other/unknown 2570 23.2 10,873 31.5

System characteristics
Geographic region <.001

Northeast 1441 13.0 5255 15.3

South 733 6.6 1954 5.7

Midwest 2911 26.3 10,749 31.2

West 5988 54.1 16,511 47.9

Urban residence 10,102 91.2 31,051 90.1 <.001

History of state assistance 1523 13.8 4653 13.5 .50

Received care in teaching hospital .29

No 1051 9.5 3240 9.4

Yes 6090 55.0 18,706 54.3

Missing 3932 35.5 12,523 36.3

SD indicates standard deviation; DCIS, ductal carcinoma in situ.

The non-needle biopsy group included 1351 patients with one-step surgery (surgical breast excision without claims for biopsy procedures). The West region

included Hawaii.
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Table 3 shows the results of a multivariate logistic

regression model estimating the likelihood of initial needle

biopsy. After controlling for other variables, women who

were black were less likely to receive needle biopsy then

white women (odds ratio, 0.90; 95% CI, 0.81-0.99). Com-

pared with white women, women whose race was not black

or white were more likely to receive needle biopsy (odds ra-

tio, 1.12; 95% CI, 1.01-1.25). The majority of women in

the ‘‘other’’ race and ethnicity category are of Asian/Pacific

Islander descent; these women are largely concentrated in

the West/Pacific region. Hispanic ethnicity is a separate

variable from race in the data set. Hispanic women (odds ra-

tio, 0.72; 95%CI, 0.63-0.82) were less likely to receive nee-

dle biopsy than non-Hispanics. Women with tumors of

lower stage, smaller size, and lower grade were less likely to

receive initial needle biopsy.Women in the Northeast (odds

ratio, 0.74; 95% CI, 0.69-0.79) and Midwest (odds ratio,

0.76; 95% CI, 0.72-0.80) regions were significantly less

likely to receive initial needle biopsy than women in the

West. Year of diagnosis remained a significant predictor of

initial needle biopsy onmultivariate analysis.

Biopsy Technique and Multiple

Breast Surgeries

Table 4 shows the mean number of breast surgical proce-

dures based on the type of initial breast biopsy. The aver-

age number of breast surgical procedures was 1.75 (SD,

0.70; range, 1-7 procedures), but significant differences

were found by type of initial breast biopsy. Women who

had no biopsy and went straight to mastectomy or lum-

pectomy had the lowest number of surgical procedures

(mean, 1.24; SD, 0.47; range, 1-4). Women who had an

initial needle biopsy before surgical excision had the next

lowest number of surgical procedures (mean, 1.50; SD,

0.65; range, 1-6), followed by women who had surgical

biopsy before surgical excision (mean, 1.86; SD, 0.69;

range, 1-7). The difference in surgical procedures across

groups was significant (F ¼ 1030.41; 4 df; P < .01).

From post hoc tests performed using a 1-way ANOVA

model, the differences in the average number of proce-

dures between the groups was also statistically significant

(P< .01).

FIGURE 1. Initial breast biopsy technique over time is shown.

One-step surgery is defined as surgical excision of breast

tissue without a claim for needle or surgical biopsy. Cochran-

Armitage test for trend is significant (z test, �24.69; both

P < .0001).

Table 3. Patient, Tumor, and System Characteristics

Associated With Receipt of Needle Biopsy as Initial
Technique (N ¼ 45,542)

Odds Ratio 95% CI

Patient characteristics
Age at diagnosis 1.01 1.01 1.01

Race

Black 0.90 0.81 0.99

Other, non-white 1.12 1.01 1.25

White — — —

Hispanic 0.72 0.63 0.82

Tumor characteristics
Stage

Stage 0 (DCIS) 0.66 0.60 0.73

Stage 1 0.80 0.75 0.87

Stage 2 — — —

Tumor size

<2 cm 0.65 0.54 0.77

2-5 cm 1.07 0.90 1.28

Missing tumor size 0.72 0.58 0.88

>5 cm — — —

Grade

Other/unknown 0.77 0.72 0.82

Grade 1 0.84 0.79 0.91

Grade 2 0.92 0.86 0.97

Grade 3 — — —

System characteristics
Region

Northeast 0.74 0.69 0.79

South 1.04 0.95 1.14

Midwest 0.76 0.72 0.80

West — — —

Year of diagnosis 1.11 1.10 1.12

CI indicates confidence interval; DCIS, ductal carcinoma in situ.

Likelihood ratio, chi-square, 1884.86; 16 df; P < .0001; c-statistic: 0.64.

Parsimonious model is reported; independent variables not significant in

univariate or multivariate analyses have been removed.
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Table 5 shows the results of a logistic regression

model to predict multiple breast surgeries, defined as 2 or

more surgical procedures on the breast during the study

period (excluding the initial breast biopsy procedure). Af-

ter controlling for other significant predictors, having an

initial needle biopsy was significantly associated with hav-

ing a decreased likelihood of multiple breast surgeries dur-

ing the study period (odds ratio, 0.35; 95% CI, 0.34-37).

Additional characteristics associated with a decreased like-

lihood of multiple surgeries were age (odds ratio, 0.95;

95% CI, 0.95-0.96), having DCIS versus a stage II cancer

(odds ratio, 0.84; 95% CI, 0.77-0.91), and having ductal

versus other/unspecified histology (odds ratio, 0.85; 95%

CI, 0.80-0.89). When compared with patients with

tumors>5 cm, patients with tumors<2 cm had increased

odds of multiple surgeries (odds ratio, 1.33; 95% CI,

1.12-1.59), whereas patients with tumors between 2 and

5 cm had significantly lower odds of multiple surgeries

(odds ratio, 0.81; 95% CI, 0.68-0.96). Compared with

patients from the West, women residing in the Northeast

(odds ratio, 0.81; 95% CI, 0.76-0.86) and Midwest (odds

ratio, 1.13; 95% CI, 1.07-1.18) regions had significantly

different likelihoods for multiple surgeries. Additional sig-

nificant effects on multiple surgeries were found by year

of diagnosis (odds ratio, 1.03; 95% CI, 1.02-1.04) and

for patients with no prior history of care in a teaching hos-

pital (odds ratio, 0.89; 95%CI, 0.83-0.95).

DISCUSSION

We found that having an initial needle biopsy was associ-

ated with a significant decrease in the likelihood of having

multiple surgical procedures on the breast, even after

Table 4. Surgical Breast Procedures by Initial Biopsy Technique*

Initial Breast
Biopsy Technique

No. Mean of Surgical
Procedures†

SD Range

One-step surgery 1351 1.24 0.47 1-4

Needle 11,073 1.50 0.65 1-6

Surgical 33,118 1.86 0.69 1-7

Total 45,542 1.75 0.70 1-7

SD indicates standard deviation.

*One-step surgery is defined as surgical excision of breast tissue without a claim for needle or surgical biopsy. Differences in means are significant in a one-

way analysis of variance, F ¼ 1577.10; 2 df; P < .0001.

yPost hoc test for differences across all categories is statistically significant at P < .01.

Table 5. Predictors of Multiple Breast Surgeries
(N ¼ 45,542)*

Parameter OR 95% CI

Initial needle biopsy 0.35 0.34-0.37

Patient characteristics
Age at diagnosis 0.95 0.95-0.96

Tumor characteristics
Stage

Stage 0 0.84 0.77-0.91

Stage 1 1.10 1.03-1.18

Stage 2 — —

Tumor size

<2 cm 1.33 1.12-1.59

2-5 cm 0.81 0.68-0.96

Missing 1.54 1.26-1.87

>5 cm — —

Histology

Ductal 0.85 0.80-0.89

Lobular 0.94 0.87-1.02

Other — —

Grade

Other/unknown 1.01 0.95-1.07

Grade 1 0.99 0.92-1.05

Grade 2 0.97 0.92-1.03

Grade 3 — —

System characteristics
Geographic region

Northeast 0.81 0.76-0.86

South 1.05 0.96-1.14

Midwest 1.13 1.07-1.18

West — —

Year of diagnosis 1.03 1.02-1.04

Received care in teaching hospital

No 0.89 0.83-0.95

Yes 0.97 0.93-1.02

Missing — —

OR indicates odds ratio; CI, confidence interval.

* Likelihood ratio, chi-square, 3867.1; 18 df; P < .0001; c-statistic, 0.66.

Parsimonious model is reported; independent variables not significant in

univariate or multivariate analyses have been removed.
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controlling for several patient and tumor characteristics.

Not surprisingly, needle biopsy use appeared to increase

over time. This may have been a reflection of increasing

confidence in clinician skill or increasing availability of

experienced providers. However, by the end of our study a

majority of women (69%) still did not have an initial nee-

dle biopsy. Moreover, we found significant variations in

the use of needle biopsy by race/ethnicity, geography, and

tumor characteristics. Compared with residents of the

West, women in the Northeast were significantly less

likely to receive both needle biopsy and multiple surgeries,

whereas women residing in the South were more likely to

have both needle biopsy and multiple surgeries. It is clear

that geographic variations are present in breast care, and

are worthy of continued study. Specifically, it is interest-

ing to consider why providers in the Midwest are more

likely to re-excise, although they also perform needle bi-

opsy at a high rate. Black and Hispanic women were less

likely to receive needle biopsy, but there were no differen-

ces in the likelihood of multiple surgeries by race. It is

noteworthy that both tumor size and stage were associated

with initial biopsy technique and multiple surgeries,

whereas tumor grade was only associated with surgeries.

There are some limitations inherent in analyses of

registry and claims data. For example, only limited data

on the characteristics of providers and facilities are avail-

able. Additional data might reveal more detailed explana-

tions for the observed variations in initial biopsy type and

number of surgeries. For example, availability of experi-

enced providers and tools needed to perform a needle bi-

opsy may have varied significantly from 1 location to

another. Because of our reliance on Medicare data, we are

unable to draw any conclusions regarding Medicare

enrollees participating in health maintenance organization

plans, or the population of women aged <65 years. We

are not able to measure the context of the clinical encoun-

ters that may impact the decision to have a needle or surgi-

cal biopsy. Correlation of our findings in settings with

documentation of clinician and patient deliberations

would be helpful. However, the multiple years and geo-

graphic regions represented in our data add strength to

our findings and conclusions.

These analyses are restricted to studying surgical

procedures on the breast, and additional consideration of

axillary procedures may be important. Women who

receive initial needle biopsy may be more likely to proceed

to simultaneous breast and axillary surgery. For patients

who receive surgical biopsy and have negative margins,

additional axillary surgery is most likely required. As such,

we would not expect the findings reported here to change

dramatically. Another limitation is our reliance on data

through 1999, because this was when the core needle bi-

opsy technique was coming into wider acceptance.

Because of delays in availability of SEER-Medicare data,

we were not able to assess the proportion of women with

cancer diagnosed by needle biopsy in more recent years.

On the basis of individual practice reports, it seems likely

that a higher proportion of women have needle biopsy

now than what was observed in 1999. For example, about

70% of women with breast cancer treated at National

Comprehensive Cancer Network centers from 2002 to

2006 had a needle biopsy performed (S.B.E., unpublished

data). Regardless, it seems likely that variation in use of

initial needle biopsy by geographic and sociodemographic

features persists today.

Our study joins a long list of publications that docu-

ment disparities in breast cancer treatment by race, age,

geography, and other patient characteristics. Most

recently, a study found that black women, older women,

and women living in nonmetropolitan areas were less

likely to receive radiotherapy after breast conservation sur-

gery.12 Significant differences by geography and race were

found in a study comparing breast conversation therapy

versus mastectomy.13,14 Black women are also less likely

to receive adjuvant radiotherapy for early stage breast can-

cer.15 Our findings suggest that disparities in breast care

occur even earlier in the diagnostic process.

The National Cancer Policy Board16 and others17

have identified the quality of cancer care, especially breast

cancer, as uneven in the United States. The Institute of

Medicine’s Quality Chasm18 report concludes that pro-

viders should strive to deliver care that is effective, patient-

centered, and equitable. Using needle biopsy rather than

surgical biopsy to evaluate suspicious breast abnormalities

may lead to a decrease in the need for multiple breast sur-

geries, and as a result could reduce complications,

improve timeliness of care, andmost importantly improve

patient satisfaction and quality of life. Clinicians should

consider whether all patients eligible for needle biopsy in

their practice are provided with this option before pro-

ceeding with further diagnostic or therapeutic interven-

tions. Interventions aimed at increasing the availability
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and acceptance of this technique and efforts to standardize

biopsy techniques may improve quality of care for women

with breast cancer.
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