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ABSTRACT

Background. This study evaluated the use of axillary

surgery (AS), including sentinel lymph node biopsy

(SLNB), for patients with ductal carcinoma in situ (DCIS)

and the factors associated with its use. To determine

whether utilization of SLNB is appropriate, predictors of

SLNB performance were compared with factors predictive

of tumor upstaging.

Methods. The National Cancer Data Base was utilized to

identify patients with American Joint Committee on Can-

cer (AJCC) clinical stage 0 breast cancer treated from 2004

to 2013. DCIS with microinvasion was excluded. Chi

square tests and logistic regression were used to examine

patient, tumor, and facility features associated with SLNB

and tumor upstaging.

Results. Of the 218,945 total patients, 155,093 (70.8 %)

underwent lumpectomy, and 63,852 (29.2 %) underwent

mastectomy. SLNB was performed for 19.0 % of

lumpectomy patients and 63.5 % of mastectomy patients.

Multivariate analysis for 2012–2013 demonstrated that

estrogen receptor (ER)-negative and grade 3 tumors were

more likely to be treated with SLNB in both groups. Tumor

size was significant only for the lumpectomy patients who

underwent one operation. Further, 22.8 % of lumpectomy

patients and 18.7 % of mastectomy patients who under-

went AS were upstaged compared with 1.8 % of

lumpectomy and 3.6 % of mastectomy patients who did not

undergo AS. Tumor upstaging was predicted by ER-

negative status (odds ratio [OR] 2.99; 95 % confidence

interval [CI] 2.76–3.24) but not by higher grade or larger

tumor size.

Conclusions. Use of SLNB for DCIS is high with mas-

tectomy, and nearly one fifth of the lumpectomy patients

underwent SLNB. However, the performance of AS was

strongly associated with the likelihood of upstaging in both

groups, suggesting that surgical judgment plays an impor-

tant role in this decision.

In 2005, clinical practice guidelines recommended

against the routine use of sentinel lymph node biopsy

(SLNB) for patients with ductal carcinoma in situ (DCIS)

on core biopsy undergoing breast-conserving surgery

(BCS).1 At that time, exceptions for consideration of SLNB

included large DCIS ([5 cm), suspected or proven

microinvasion, and performance of mastectomy. Currently,

National Comprehensive Cancer Network (NCCN) and

American Society of Clinical Oncology (ASCO) guidelines

state that SLNB for DCIS should be performed for a mass

lesion at physical examination or imaging highly sugges-

tive of invasive cancer, when the area of DCIS is larger

than 5 cm, for patients undergoing mastectomy, and when

surgical excision is in an anatomic location that would

preclude future SLNB.2,3

The primary reason to perform SLNB at the time of BCS

for patients with DCIS is to avoid a second operation if

invasive cancer is found on final pathology. DCIS diag-

nosed on needle biopsy may be upstaged to invasive cancer

due to the inherent sampling limitations of biopsy tech-

nique, and occurs in up to 26 % of patients.4 Moreover, the

reported incidence of SLNB positivity among patients with

DCIS ranges from 2 to 14 %, likely because these studies

include patients upstaged to invasive cancer at final

pathology.5–11 Factors predictive of upstaging include
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palpability, a mammographic mass, larger size, multicen-

tric disease, suspicion of microinvasion, high nuclear

grade, necrosis, and use of smaller-gauge biopsy

needles.4,10,12,13

Reported rates for performance of SLNB for DCIS

range from 21 to 97 %, but these rates are reported pri-

marily from single-institution studies examining predictors

of SLNB positivity, which select for tumors with high-risk

characteristics.6,14–16 In 2010, the rate was 17.8 % for

lumpectomy patients and 67.1 % for mastectomy patients

in the Surveillance, Epidemiology, and End Results

(SEER) database, although this was based on the number of

lymph nodes examined rather than the specific type of

axillary surgery.17

In 2012, the National Cancer Data Base (NCDB) began

collecting information on whether SLNB or axillary

lymph node dissection (ALND) was performed in addi-

tion to the number of nodes removed. We utilized this

variable to examine trends in the use of axillary surgery

(AS) for DCIS and to identify factors associated with

SLNB performance for lumpectomy and mastectomy

patients. We also sought to examine whether the perfor-

mance of SLNB differed between patients whose breast

tumor was upstaged from DCIS to invasive disease after

excision and those who did not have tumor upstaging.

The findings from this study help to determine whether

SLNB is overutilized for DCIS and whether factors out-

side the current NCCN and ASCO guidelines are

associated with SLNB use.

METHODS

We conducted a retrospective cohort study of patients

with a diagnosis of DCIS using the participant user file of

the NCDB, a joint collaboration of the American Cancer

Society and the American College of Surgeon’s Commis-

sion on Cancer. In this study, no patient, provider, or

hospital identifiers were examined, and institutional review

board approval was deemed not necessary.
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Patient Cohort

The NCDB was queried from 2004 to 2013 to identify

female breast cancer patients 18 years of age or older with

DCIS. Only patients who were clinical American Joint

Committee on Cancer (AJCC) stage 0 (T classification

blank, 0, X, or IS) and with a known number of regional

lymph nodes examined were included in the study. Patients

with microinvasion were coded as AJCC cT1. No code for

‘‘suspicious for microinvasion’’ is available in the NCDB,

and these patients were therefore included as cTis. Patients

with a prior cancer diagnosis and those who were diag-

nosed and treated at different institutions were excluded.

Surgical treatment included lumpectomy or mastectomy

as identified by procedure code.18 Axillary surgery was

defined as the surgical removal of any axillary regional

lymph nodes. Prior to 2012, only the number of regional

lymph nodes examined was included in the NCDB. In

2012, the NCDB began collecting data for the scope of

regional lymph node surgery variable, which specifically

codes for SLNB, ALND, and other regional lymph node

TABLE 1 Characteristics of patients with ductal carcinoma in situ

(DCIS) who underwent lumpectomy and mastectomy, 2004–2013

Total N = 218,945 Lumpectomy

(n = 155,093)

Mastectomy

(n = 63,852)

n (%) n (%)

Variablea

Age (years)

\50 32,669 (21.1) 22,207 (34.8)

50–70 91,443 (59.0) 32,552 (51.0)

[70 30,981 (20.0) 9093 (14.2)

Race

Caucasian 122,735 (79.1) 49,163 (77.0)

African American 17,228 (11.1) 7558 (11.8)

Hispanic 8446 (5.4) 3898 (6.1)

API 5915 (3.8) 2891 (4.5)

Other 769 (0.5) 342 (0.5)

SES

Low 35,956 (23.2) 15,865 (24.8)

Middle 32,411 (20.9) 13,013 (20.4)

High 85,375(55.0) 34,484 (54.0)

Unknown 1351 (0.9) 490 (0.8)

Insurance

Private insurance/managed care 93,256 (60.1) 41,887 (65.6)

No insurance 2296 (1.5) 1146 (1.8)

Medicaid 6473 (4.2) 3195 (5.0)

Medicare 49,417 (31.9) 15,568 (24.4)

Other government program 1432 (0.9) 748 (1.2)

Insurance status unknown 2219 (1.4) 1308 (2.0)

Comorbidities

0 136,226 (87.8) 54,459 (85.3)

1 16,063 (10.4) 7883 (12.3)

C2 2804 (1.8) 1510 (2.4)

Facility type

Comprehensive community cancer

program

79,945 (51.5) 30,064 (47.1)

Community cancer program 16,437 (10.6) 5473 (8.6)

Academic/research program 44,541 (28.7) 19,184 (30.0)

Other specified types of cancer

programs

11,369 (7.3) 4900 (7.7)

Facility location

New England 12,062 (7.8) 2984 (5.0)

Middle Atlantic 27,345 (17.6) 8189 (12.8)

South Atlantic 32,389 (20.9) 13,091 (20.5)

East North Central 28,599 (18.4) 9992 (15.6)

East South Central 7056 (4.5) 4137 (6.5)

West North Central 9758 (6.3) 4396 (6.9)

West South Central 9600 (6.2) 5911 (9.3)

Mountain 6313 (4.1) 2830 (4.4)

Pacific 19,170 (12.4) 8091 (12.7)

Facility volume (cases/year)b

Low (0–100) 23,773 (15.3) 7852 (12.3)

Mid (101–249) 58,530 (37.7) 21,892 (34.3)

TABLE 1 continued

Total N = 218,945 Lumpectomy

(n = 155,093)

Mastectomy

(n = 63,852)

n (%) n (%)

Variablea

High (C250) 72,790 (46.9) 34,108 (53.4)

No. of nodes examined

0 120,098 (77.4) 11,178 (17.5)

1–4 30,467 (19.6) 40,780 (63.9)

5–9 3658 (2.4) 8461 (13.3)

C10 867 (0.6) 3429 (5.4)

Tumor size (cm)

B1 67,764 (43.7) 20,053 (31.4)

1.1–4.0 37,435 (24.1) 20,083 (31.5)

[4 3868 (2.5) 6707 (10.5)

Unknown 46,026 (29.7) 17,009 (26.6)

ER status

ER positive 115,397 (74.4) 44,022 (68.9)

ER negative 18,275 (11.8) 11,480 (18.0)

Unknown 21,421 (13.8) 8359 (13.1)

Tumor grade

1–2 75,840 (48.9) 26,896 (42.1)

3 47,486 (30.6) 25,233 (39.5)

Unknown 31,767 (20.5) 11,723 (18.4)

API Asian Pacific Islander, SES socioeconomic status, ER estrogen

receptor
a All variables p\ 0.001 for lumpectomy vs mastectomy
b Facility volume per National Accreditation Program for Breast

Centers (NAPBC) definitions
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removal.19 Upstaging was defined as final pathologic T

stage greater than pT0 or pTis.

Clinical Variables

Patient characteristics included age (\50, 50–

70,[70 years), race (Caucasian, African American, His-

panic, Asian Pacific Islander, other), socioeconomic status

(SES) (high, middle, or low based on median household

income and education level in the patient’s zip code area),

insurance status (not insured, private insurance/managed

care, Medicaid, Medicare, other government program, and

unknown), and comorbidities (based on the Deyo Charlson

comorbidity index). Facility characteristics included facil-

ity type (community cancer program, comprehensive

community cancer program, academic/research program,

and other) and facility location, categorized according to

U.S. census regions.20 Facility volume was based on the

National Accreditation Program for Breast Centers

(NAPBC) analytic case load and categorized as low (0–100

cases/year), mid (101–250 cases/year), and high ([250

cases/year).21 Tumor characteristics included AJCC clini-

cal and pathologic stage (0–IV), tumor size (B1, 1.1–4,

[4 cm, unknown), estrogen receptor (ER) status (positive,

negative, unknown), and grade (1–2, 3, unknown).

Statistical Analysis

Patient, facility, and tumor characteristics were com-

pared between treatment groups using descriptive statistics

and Chi square tests. Surgical trends over time were

assessed based on the use of AS. When the scope of

regional lymph node surgery variable was available (2012–

2013), factors associated with SLNB use and tumor

upstaging were evaluated using univariate and multivariate

logistic regression models. Statistical analysis was con-

ducted using SPSS statistical software (SPSS for Windows,

version 22; SPSS, Chicago, IL, USA). All tests were two-

sided, and a p value of 0.05 or lower was considered sta-

tistically significant.

RESULTS

Patient, Facility, and Tumor Characteristics

Of the 218,945 patients with AJCC clinical stage TisN0

breast cancer treated from 2004 to 2013, 155,093 (70.8 %)

underwent lumpectomy and 63,852 (29.2 %) underwent

mastectomy (Table 1). Axillary surgery was performed for

22.6 % of lumpectomy patients and 82.5 % of mastectomy

patients. The mean and median numbers of nodes removed

were respectively 2.7 and 2.0 for lumpectomy patients, and

3.7 and 2.0 for mastectomy patients.

Trends in Axillary Surgery for Lumpectomy and

Mastectomy Patients, 2004–2013

The use of AS between 2004 and 2013 was assessed

using the number of lymph nodes examined (Fig. 1). The

AS rates for unilateral and bilateral mastectomy patients

were nearly identical and combined into the ‘‘mastectomy’’

group. In 2013, AS rates increased to 87.4 % for mastec-

tomy patients and 23.8 % for lumpectomy patients.

SLNB and ALND for Patients with DCIS, 2012–2013

Using the scope of regional lymph node surgery variable

from 2012 to 2013, SLNB was performed for 19.0 % of

lumpectomy patients and 63.5 % of mastectomy patients,

whereas SLNB followed by ALND was performed for

2.5 and 13.3 % of lumpectomy and mastectomy patients,

respectively (Fig. 2). The vast majority of those who

underwent ALND after SLNB had ALND performed at the

time of SLNB (96.5 % of lumpectomy patients and 94.4 %

of mastectomy patients). Axillary lymph node dissection

alone was performed at the time of initial surgery for 2.9 %

of lumpectomy patients and 11.0 % of mastectomy

patients.

Predictors of SLNB for Lumpectomy and Mastectomy

Patients, 2012–2013

Predictors of SLNB performance for patients with a

diagnosis of DCIS in 2012–2013 were examined (Table 2).

The major notable differences between lumpectomy and

mastectomy patients were insurance status and facility

factors. More regional variation for SLNB was found

among lumpectomy patients than among mastectomy

patients. Patients cared for at academic/research institu-

tions were less likely to undergo SLNB with lumpectomy

and more likely to undergo SLNB with mastectomy.

Patients in both groups with grade 3 tumors and ER-neg-

ative tumors were more likely to undergo SLNB. Larger

tumor size was not predictive of SLNB use for lumpectomy

patients.

Next, we selected patients who underwent only one

operative procedure to exclude those who may have

returned to the operating room for SLNB after invasive

disease was found at the first excision. Multivariate anal-

ysis demonstrated that tumor sizes of 1.1–4.0 cm (odds

ratio [OR], 1.21; 95 % confidence interval [CI] 1.14–1.30)

and tumors larger than 4 cm (OR, 1.39; 95 % CI 1.16–

1.66) were predictive of SLNB for lumpectomy patients

treated with only one operative procedure. We examined

the subset of lumpectomy patients with higher risk features

(size[ 5 cm or high-grade or ER-negative tumor) to

determine whether their rate of SLNB differed from that of

3340 M. E. Miller et al.



TABLE 2 Multivariate model for predictors of sentinel lymph node biopsy (SNLB) for patients with ductal carcinoma in situ (DCIS) who

underwent lumpectomy and mastectomy, 2012–2013

Variablea Lumpectomy Mastectomy

p value OR (95 % CI) p value OR (95 % CI)

Age (years)

\50 Ref (1) Ref (1)

50–70 0.588 1.02 (0.95–1.09) 0.006 0.85 (0.76–0.96)

C70 0.002 0.86 (0.77–0.94) \0.001 0.53 (0.44–0.64)

SES

Low Ref (1) Ref (1)

Middle 0.208 0.95 (0.88–1.03) 0.164 0.90 (0.78–1.04)

High 0.219 0.96 (0.90–1.02) 0.439 1.05 (0.93–1.19)

Unknown 0.766 1.10 (0.60–2.02) 0.740 0.83 (0.28–2.47)

Insurance

Private insurance/managed care Ref (1) Ref (1)

No insurance 0.092 0.84 (0.69–1.03) 0.198 1.30 (0.87–1.95)

Medicaid 0.344 0.95 (0.84–1.06) 0.678 0.96 (0.77–1.19)

Medicare \0.001 0.89 (0.83–0.95) 0.086 0.89 (0.77–1.02)

Other government program 0.015 0.73 (0.57–0.94) 0.197 1.38 (0.85–2.24)

Insurance status unknown 0.009 0.71 (0.55–0.92) \0.001 0.15 (0.11–0.20)

Comorbiditiesb

0 Ref (1) Ref (1)

1 - - 0.351 1.07 (0.93–1.23)

C2 - - 0.853 0.97 (0.73–1.29)

Facility type

Comprehensive community cancer program Ref (1) Ref (1)

Community cancer program 0.022 1.14 (1.02–1.28) 0.031 0.80 (0.65–0.98)

Academic/research program \0.001 0.76 (0.71–0.81) 0.006 1.19 (1.05–1.34)

Other specified types of cancer programs 0.229 1.06 (0.96–1.18) 0.135 1.17 (0.95–1.45)

Facility location

New England Ref (1) Ref (1)

Middle Atlantic 0.001 1.22 (1.08–1.39) 0.005 1.41 (1.11–1.79)

South Atlantic \0.001 1.85 (1.64–2.08) 0.010 1.35 (1.07–1.69)

East North Central \0.001 1.30 (1.15–1.47) 0.018 1.33 (1.05–1.68)

East South Central \0.001 2.38 (2.05–2.76) 0.432 0.90 (0.69–1.17)

West North Central \0.001 1.96 (1.70–2.25) 0.001 1.62 (1.22–2.16)

West South Central \0.001 2.26 (1.96–2.60) 0.881 1.02 (0.79–1.32)

Mountain \0.001 2.18 (1.88–2.54) 0.830 0.97 (0.73–1.29)

Pacific \0.001 1.55 (1.36–1.76) 0.089 1.23 (0.97–1.57)

Facility volume (cases/year)c

Low (0–100) Ref (1) Ref (1)

Mid (101–249) \0.001 1.22 (1.10–1.34) \0.001 1.58 (1.31–1.89)

High (C250) 0.759 0.98 (0.89–1.09) \0.001 1.93 (1.59–2.33)

Tumor size (cm)

B1 Ref (1) Ref (1)

1.1–4.0 0.054 1.06 (1.00–1.12) 0.844 0.99 (0.88–1.11)

[4 0.086 1.13 (0.98–1.31) 0.054 1.20 (1.00–1.44)

Unknown \0.001 0.62 (0.57–0.66) \0.001 0.69 (0.61–0.79)

ER status

ER positive Ref (1) Ref (1)

Axillary Surgery for DCIS 3341



the larger cohort. The SLNB rate for patients with ER-

negative tumors (28.9 %), tumors larger than 5 cm

(25.0 %), or grade 3 tumors (24.4 %) (exclusive of the

other high-risk features) was greater than that for the

overall population (19.0 %).

Tumor Upstage Rates for DCIS Patients Undergoing

SLNB or No Axillary Surgery, 2012–2013

For the patients who underwent AS in 2012–2013, the

final pathologic T stage was upstaged from Tis or T0 for

22.8 % of lumpectomy patients and 18.7 % of mastectomy

patients (Fig. 2). Among those who did not undergo AS,

1.8 % of lumpectomy patients and 3.6 % of mastectomy

patients were upstaged. Following AS, 4.4 % of patients

were upstaged to T1mi, 7.1 % were T1a, and 8.7 % had a

final stage of T1b or greater. After SLNB not followed by

ALND, 2.0 % of lumpectomy patients and 3.4 % of mas-

tectomy patients had tumor-positive axillary lymph nodes,

of which 21.7 % were micrometastases and 59.1 % were

isolated tumor cells (ITCs).

For the patients who underwent SLNB followed by

ALND, the final pathologic T stage was upstaged for 27.8 %

of lumpectomy patients and 26.7 % of mastectomy patients.

Tumor-positive axillary lymph nodes were found in 5.1 %

of lumpectomy patients and 13.2 % of mastectomy patients,

of which 41.4 % had one positive node and 17.3 % had two

positive nodes. When patients treated with more than one

operative procedure were excluded, the rates of upstaging

remained similar for lumpectomy and mastectomy: respec-

tively 18.9 and 17.6 % after SLNB alone, 23.6 and 26.6 %

for SLNB followed by ALND; and 2.0 and 5.0 % for

patients who did not undergo AS.

Predictors of T Stage Upstaging for Patients with

DCIS, 2012–2013

To determine whether predictors for performance of

SLNB were the same as those for tumor upstaging, we

examined factors associated with upstaging for patients

undergoing lumpectomy and mastectomy in 2012–2013

(Table 3). Patients treated at academic/research institutions

were more likely to be upstaged, although the differences

were small. The only tumor factor predictive of upstaging

was ER status, with ER-negative tumors three times more

likely to be upstaged than ER-positive tumors (OR, 2.99;

95 % CI 2.76–3.24). Tumor size and grade were not

associated with tumor upstaging, and patients with grade 3

tumors actually were less likely to be upstaged. The anal-

ysis was repeated excluding patients who underwent more

than one operative procedure, and also separately exclud-

ing size as a variable to avoid potential differences between

clinical and pathologic T stage. ER-negative status

remained the only tumor factor predictive of tumor

upstaging in all models.

DISCUSSION

Using the largest national dataset of incident breast

cancers, we found that 63.5 % of mastectomy patients and

19.0 % of lumpectomy patients with DCIS underwent

SLNB in 2012–2013. These rates are nearly identical to

those from a SEER analysis in 2010,17 although that study

used the number of lymph nodes examined as a surrogate

for SLNB instead of the scope of regional lymph node

surgery variable, which reflects the intent of the axillary

procedure. Use of SLNB with mastectomy is high in

TABLE 2 continued

Variablea Lumpectomy Mastectomy

p value OR (95 % CI) p value OR (95 % CI)

ER negative \0.001 1.96 (1.83–2.10) 0.001 1.29 (1.12–1.50)

Unknown \0.001 0.70 (0.61–0.80) \0.001 0.52 (0.44–0.62)

Tumor grade

1–2 Ref (1) Ref (1)

3 \0.001 1.30 (1.20–1.41) \0.001 1.45 (1.29–1.63)

Unknown \0.001 1.25 (1.14–1.37) 0.280 1.07 (0.95–1.22)

OR odds ratio, CI confidence interval, SES socioeconomic status, ER estrogen receptor
a For both groups, race was not a statistically significant predictor of SLNB in the univariate model and therefore was not included in the

multivariate model
b For lumpectomy patients, comorbidities were not a statistically significant predictor of SLNB in the univariate model and therefore were not

included in the multivariate model
c Facility volume per National Accreditation Program for Breast Centers (NAPBC) definitions

3342 M. E. Miller et al.



TABLE 3 Predictors of T stage upstaging for patients with ductal carcinoma in situ (DCIS) who underwent lumpectomy and mastectomy,

2012–2013

Variable Univariate Multivariate

p value OR (95 % CI) p value OR (95 % CI)

Age (years)

\50 Ref (1) Ref (1)

50–70 \0.001 0.81 (0.76–0.86) \0.001 0.84 (0.78–0.90)

C70 \0.001 0.74 (0.68–0.81) \0.001 0.78 (0.70–0.88)

Race

Caucasian Ref (1) Ref (1)

African American 0.990 1.00 (0.92–1.09) 0.262 1.06 (0.96–1.16)

Hispanic 0.024 1.13 (1.02–1.26) 0.405 1.05 (0.93–1.20)

API \0.001 1.25 (1.11–1.40) 0.249 1.08 (0.95–1.24)

Other 0.871 1.03 (0.70–1.52) 0.614 1.11 (0.73–1.69)

SES

Low Ref (1) Ref (1)

Middle 0.097 1.07 (0.99–1.17) 0.512 1.03 (0.94–1.13)

High \0.001 1.15 (1.07–1.23) 0.034 1.09 (1.01–1.18)

Unknown 0.744 0.89 (0.43–1.83) 0.778 1.12 (0.52–2.43)

Insurance

Private insurance/managed care Ref (1) Ref (1)

No insurance 0.196 1.14 (0.94–1.38) 0.274 1.13 (0.91–1.40)

Medicaid 0.026 1.14 (1.02–1.27) 0.006 1.20 (1.06–1.37)

Medicare \0.001 0.84 (0.79–0.90) 0.103 0.94 (0.86–1.01)

Other government program 0.562 0.93 (0.72–1.20) 0.915 0.99 (0.74–1.31)

Insurance status unknown \0.001 0.54 (0.41–0.72) 0.013 0.67 (0.49–0.92)

Comorbidities

0 Ref (1) Ref (1)

1 0.039 1.09 (1.00–1.18) 0.020 1.11 (1.02– 1.21)

C2 0.373 1.08 (0.91–1.28) 0.021 1.24 (1.03–1.49)

Facility type

Comprehensive community cancer program Ref (1) Ref (1)

Community cancer program \0.001 0.79 (0.71–0.88) 0.785 0.98 (0.85–1.14)

Academic/research program \0.001 1.12 (1.05–1.19) \0.001 1.15 (1.07–1.24)

Other specified types of cancer programs 0.035 1.12 (1.01–1.24) 0.225 1.08 (0.96–1.21)

Facility location

New England Ref (1) Ref (1)

Middle Atlantic 0.685 1.03 (0.90–1.17) 0.468 0.95 (0.83–1.09)

South Atlantic 0.392 1.06 (0.93–1.20) 0.192 0.91 (0.80–1.05)

East North Central 0.081 1.12 (0.99–1.28) 0.271 0.93 (0.81–1.06)

East South Central 0.039 0.84 (0.71–0.99) 0.012 0.79 (0.66–0.95)

West North Central 0.036 1.18 (1.01–1.37) 0.775 1.02 (0.87–1.20)

West South Central 0.049 1.16 (1.00–1.35) 0.181 1.12 (0.95–1.31)

Mountain 0.230 1.11 (0.94–1.32) 0.336 0.92 (0.76–1.10)

Pacific 0.001 1.25 (1.09–1.43) 0.098 1.13 (0.98–1.31)

Facility volume (cases/year)a

Low (0–100) Ref (1) Ref (1)

Mid (101–249) \0.001 1.22 (1.11–1.34) 0.008 1.19 (1.05–1.35)

High (C250) \0.001 1.45 (1.33–1.59) \0.001 1.34 (1.17–1.53)
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accordance with NCCN and ASCO guidelines, and has

stabilized in recent years. Predictors of SLNB use for

mastectomy patients included treatment at an academic/

research program or high-volume center, although sub-

stantial differences by region reflect facility and geographic

variability in adherence to the guidelines. Although most

mastectomy patients undergo SLNB, approximately 11 %

are still treated with upfront ALND despite a clinical

diagnosis of DCIS. The reasons for this finding are unclear

and may be linked to clinical suspicion of invasive disease,

which the NCDB does not capture.

Nearly one fifth of lumpectomy patients undergo SLNB,

which seems disproportionately high given the guidelines

for SLNB with lumpectomy. However, tumor upstage rates

were significantly higher in the group of lumpectomy

patients undergoing AS (22.8 %) than in the group that had

no nodes removed (1.8 %). This suggests that surgeons

predict fairly well which patients will be upstaged and thus

who will need an SLNB. However, predictors of SLNB

performance and tumor upstaging in our study differed

from each other and from those in prior studies.4,8,10,22–28

In our study, the only factor predictive of tumor upstaging

was ER-negative status. Two previous studies found a

correlation between ER-negative tumors and upstaging

from DCIS to invasive cancer.29,30 High grade and ER

negativity were predictive of SLNB with lumpectomy in

our cohort. Additionally, 30 % of patients with ER-nega-

tive disease alone and 25 % of patients with grade 3

disease alone underwent SLNB. Conversely, grade 3

tumors were less likely to be upstaged. Tumor size was not

predictive of upstaging or SLNB, possibly because the

NCDB does not contain clinical tumor size, and a dis-

crepancy may exist between size on imaging or exam and

size of the final pathologic specimen. However, when we

excluded patients who underwent more than one operative

procedure, larger tumor size was predictive of SLNB. In

addition, ALND independent of SLNB was performed for

approximately 3 % of lumpectomy patients in our study,

which seems high given their clinical stage of DCIS and

suggests that other clinical factors such as findings on

imaging or exam may have influenced a surgeon to perform

ALND. Finally, we found substantial regional variation in

practice, with some areas of the country demonstrating

more than two times greater likelihood of SLNB perfor-

mance with lumpectomy.

Our ability to demonstrate compliance with clinical

guidelines for SLNB in DCIS patients is limited as the

NCDB does not contain several factors in the NCCN and

ASCO guidelines, namely, imaging findings, palpability,

and tumor location. In 20 % of patients, DCIS presents as a

palpable mass, and both palpability and mammographic

mass have been associated with upstaging (rates of 54.1

and 35.6 %, respectively).4,31 Although we could not

exclude patients who had DCIS with ‘‘suspicion for

microinvasion,’’ those with microinvasion on initial diag-

nostic biopsy are coded as cT1mic in the NCDB and were

not included in this study. As in many large retrospective

database studies, we were not able to collect information

prospectively on factors that may influence performance of

SLNB or tumor upstaging. The NCDB lacks information

TABLE 3 continued

Variable Univariate Multivariate

p value OR (95 % CI) p value OR (95 % CI)

Tumor size (cm)

B1 Ref (1) Ref (1)

1.1–4.0 \0.001 0.30 (0.28–0.32) \0.001 0.30 (0.27–0.32)

[4 \0.001 0.11 (0.09–0.14) \0.001 0.10 (0.08–0.13)

Unknown \0.001 0.01 (0.00–0.01) \0.001 0.01 (0.00–0.01)

ER status

ER positive Ref (1) Ref (1)

ER negative \0.001 1.83 (1.71–1.96) \0.001 2.99 (2.76–3.24)

Unknown \0.001 0.19 (0.15–0.24) \0.001 0.23 (0.18–0.30)

Tumor grade

1–2 Ref (1) Ref (1)

3 \0.001 0.54 (0.50–0.58) \0.001 0.44 (0.41–0.48)

Unknown \0.001 0.59 (0.55–0.64) \0.001 0.59 (0.55–0.64)

OR odds ratio, CI confidence interval, API Asian Pacific Islander, SES socioeconomic status
a Facility volume per National Accreditation Program for Breast Centers (NAPBC) definitions
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on the size and type of biopsy needle used, the number of

biopsy samples, and comedo-necrosis, additional features

associated with upstaging of DCIS.12,32–35 However,

comparing our findings with the criteria in the NCCN and

ASCO guidelines, ER status and grade are notable features

missing from current recommendations. In our study, ER

negativity was associated with both tumor upstaging and

SLNB, and perhaps should be considered in future guide-

lines as an additional indication for SLNB in the treatment

of lumpectomy patients with DCIS.

In summary, we demonstrated that the use of SLNB is

high with mastectomy, matching recommendations in

clinical guidelines. The SLNB rates for lumpectomy

patients appear to be high but correlate well with tumor

upstaging, suggesting that its use is not inappropriate in this

setting. Although ER status plays a large role in predicting

SLNB use and in upstaging tumors, it is not included in

current guidelines and deserves further study. The low rate

of nodal positivity reinforces the need to avoid ALND for

patients undergoing lumpectomy for DCIS. The variable

use of SLNB for DCIS highlights an opportunity to study

clinical outcomes that will further inform recommenda-

tions regarding the utility of SLNB and ALND for patients

with DCIS.
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