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ABSTRACT

Objectives: To evaluate use of sentinel lymph node (SLN)

frozen section (FS) before and after publication of the

Z0011 trial.

Methods: We identified 116 pre-Z0011 and 134 post-Z0011

patients from 18 months before and after Z0011-initiated

changes. Clinicopathologic features were assessed by chart

review.

Results: Post-Z0011 SLN FS use markedly declined when

performed with breast-conserving therapy (BCT)

(P< .0001), with SLN FS in 53 (73.6%) of 72 and 19 (25.0%)

of 76 in pre- and post-Z0011 groups, respectively. There was

post-Z0011 decline in axillary lymph node dissection

(ALND) (P¼ .014) but no difference in later procedures for

ALND. SLN positivity was associated with larger (�1.6 cm)

tumor size (P¼ .002). Nodal upstage was more frequent with

invasive lobular (3/32; 9.4%) vs other invasive (2/188; 1.1%)

subtypes.

Conclusions: Our findings support reduced need for SLN

FS for BCT patients post-Z0011. However, those with spe-

cific clinicopathologic features may derive greater benefit

from SLN FS.

Per American Society of Clinical Oncology guidelines,

sentinel lymph node (SLN) biopsy has been adopted as the

standard of care for axillary staging in patients with clinically

node-negative (cN0) breast cancer.1 Studies fundamental in

establishing these guidelines found that patients with negative

SLN biopsy specimens had no difference in disease-free sur-

vival (DFS) and overall survival (OS) regardless of whether

additional axillary lymph node dissection (ALND) was per-

formed, with a significant reduction in morbidity for those

undergoing SLN biopsy alone.2-6 Following these studies,

others noted trends toward omitting ALND in patients with

low-volume axillary disease, with no resulting differences in

patient outcomes.7-10 Data from the American College of

Surgeons Oncology Group (ACOSOG) Z0011 prospective,

randomized clinical trial provided the most definitive support

for omission of ALND in patients with clinical stage T1 to

T2 N0 breast cancer. Briefly, in the Z0011 trial, 813 SLN-

positive breast-conserving therapy (BCT) patients were

randomized to ALND or no further axillary surgery, and at a

6-year follow-up, there was no difference in DFS, OS, or

locoregional recurrence between the two groups.11,12

Intraoperative SLN frozen-section (FS) analysis allows

patients who require ALND the potential to undergo this

procedure during their initial breast cancer operation and

avoid reoperation. Many studies have shown SLN FS to

have high specificity (99%-100%). False-negative SLN FS

rates are variable, owing to variation in protocols and classi-

fication of isolated tumor cells, and are most often a result

of sampling error and low-volume (isolated tumor cells or

micrometastatic) metastatic disease. Thus, reported sensitiv-

ity of SLN FS is variable (41%-91%).13-29
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In the era of Z0011, in which many patients with low-

volume axillary disease can safely avoid ALND, SLN FS

provides high sensitivity and specificity in detection of clinic-

ally meaningful axillary disease. However, many institutions

also provide preoperative axillary evaluation with ultrasound

(US) and fine-needle aspiration (FNA) of suspicious lymph

nodes. Preoperative evaluation allows identification of pa-

tients (via negative US) who are unlikely to have clinically

meaningful disease as well as those with significant disease

who fall outside of Z0011 guidelines and warrant ALND.

Thus, preoperative US/FNA, combined with earlier breast

cancer detection, further reduces the number of patients who

will have significant SLN disease at the time of intraopera-

tive FS, bringing into question the utility and cost-

effectiveness of routine performance of SLN FS.30-33

Following publication of results from the Z0011 trial,

the preoperative decision as to whether SLN FS would be

performed significantly changed for University of Michigan

patients with breast cancer undergoing BCT. Surgeon-patient

discussion of the literature allowed many, especially those

with overall good prognosis tumor features, to avoid ALND.

Due to these changes, we sought to investigate SLN FS use

and outcomes before and after the surgical practice change.

Materials and Methods

Case Selection

Following institutional review board approval, an elec-

tronic database search identified patients undergoing SLN

biopsy 18 months prior to (pre-Z0011) and following (post-

Z0011) surgical practice change.

At our institution, preoperative ipsilateral axillary staging

with US was performed for patients with a radiologic

mass more than 1 cm pre-Z0011 and more than 2 cm post-

Z0011; the mass size cutoff was changed to be more in keep-

ing with Z0011. Additional indications for axillary US were

palpable lymphadenopathy, angiolymphatic invasion on pre-

operative core biopsy specimen, tumor multifocality, or at the

discretion of the clinical team. Lymph node FNA was per-

formed when US was suspicious and technically feasible.

This study included patients who had a preoperative

core biopsy diagnosis of ductal carcinoma in situ or invasive

carcinoma who lacked palpable axillary lymphadenopathy

and lacked or had negative or indeterminate preoperative

axillary staging.

Patient Selection for ALND

Mastectomy patients and BCT patients from the pre-

Z0011 cohort were typically recommended ALND if micro-

or macrometastatic disease was identified in any SLN,

although this could be deemed unnecessary following indi-

vidualized patient-surgeon discussion.

BCT patients from the post-Z0011 cohort with limited

SLN disease were deemed exempt from ALND if all of the

following conservative criteria designed to reflect the selec-

tion bias of Z0011 were met: metastatic disease was identi-

fied in one or two SLNs and (1) the patient underwent

lumpectomy with planned delivery of whole-breast radi-

ation, (2) the primary breast tumor was no larger than 2 cm

(T1) by clinical and imaging evaluation, (3) the invasive

carcinoma was estrogen receptor (ER) positive and human

epidermal growth factor receptor 2 (HER-2)/neu negative,

(4) the patient was older than 50 years, and (5) only micro-

metastatic SLN involvement was identified. However, pa-

tients with one or two positive SLNs who did not meet these

criteria could also opt to forgo ALND following detailed

discussion with their clinical team.

In addition, BCT patients were counseled that they

could opt to (1) undergo SLN FS analysis and if micro- or

macrometastatic disease was identified undergo ALND as

previously performed, (2) defer SLN FS analysis in favor of

waiting for final pathology and individualizing the decision

for ALND, or (3) opt for SLN FS analysis with concomitant

ALND only if macrometastatic disease was identified by

FS.

Patients who opted to forgo SLN FS who had one or

two positive SLNs and had not yet undergone ALND were

discussed at a multidisciplinary tumor board for individual-

ized recommendation to proceed with or omit additional

surgery for ALND.

Patients found to be lymph node positive via preopera-

tive axillary staging with US and FNA were deemed likely

to have significant metastatic axillary disease, and ALND

was typically recommended in both pre- and post-Z0011

groups regardless of breast surgery.

Pathologic Evaluation of Lymph Nodes

Per routine, SLNs were dissected from adipose tissue

and sectioned at 2-mm intervals perpendicular to the long

axis of the lymph node. If FS analysis was not requested,

these sections were submitted in tissue blocks for processing

and permanent section (PS) evaluation, which, at our institu-

tion, entailed evaluation of three H&E-stained levels. If FS

was requested, the tissue sections were embedded and fro-

zen within optimal cutting tissue media and cut on a stand-

ard (–20 �C) cryostat, creating 6- to 7-mm-thick sections,

with a minimum of two levels per block. If a metastatic

tumor was identified, the number of lymph nodes involved

and the size of the largest metastatic deposit were reported

to the surgeon. FS tissue blocks were then processed for PS

per standard protocol.
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If ALND was performed, lymph nodes were dissected

from adipose tissue and sectioned at 2- to 3-mm intervals

if more than 1 cm, bisected if 0.6 to 1.0 cm, and left whole

if 0.5 cm or less. All lymph node tissue was submitted for PS

evaluation unless there were large metastatic deposits identi-

fied via gross examination, in which case representative sec-

tions were submitted in lieu of the entire lymph node.

Pathologic nodal (pN) stage was defined as outlined in

the American Joint Committee on Cancer staging manual as

follows: pN1mi for micrometastasis (0.2 mm to 0.2 cm) and

pN1a for metastasis in one to three, pN2a in four to nine, or

pN3a in 10 or more axillary lymph nodes with at least one

deposit more than 0.2 cm.34

Statistical Analysis

Clinicopathologic features were compared between pre-

Z0011 and post-Z0011 groups with and without positive

SLNs using means, medians, and frequencies. Characteristics

between groups were compared using v2 tests of independ-

ence or Fisher exact test for categorical variables and two-

sample t tests or Wilcoxon rank sum tests for continuous vari-

ables. Factors associated with SLN positivity by univariable

analysis were analyzed using multivariable logistic regres-

sion. Pearson correlation investigated the relationship be-

tween radiologic mass size and pathologic size.

For SLNs for which intraoperative FS evaluation was

requested, a true-positive (TP) or true-negative (TN) result

was defined as either positive or negative for metastatic car-

cinoma, respectively, on FS and confirmed on PS. An FP

was defined as being reported as positive on FS and review

of the correlative PS and FS slides was interpreted as nega-

tive. An FN was defined as being reported as negative on FS

and found to be positive in the deeper correlative PS slides

and/or on re-review of FS slides.

Results

Patients

In total, 116 pre-Z0011 and 134 post-Z0011 patients

were included. Patients had similar clinicopathologic fea-

tures, as shown in Table 1 .

Seventy-one (61.2%) of 116 and 73 (54.5%) of 134 of

pre- and post-Z0011 patients would have met all Z0011 in-

clusion criteria. In the pre-Z0011 group, reasons for exclu-

sion included mastectomy (24/45; 53.4%), lack of invasive

carcinoma (17/45; 37.8%), neoadjuvant chemotherapy

(1/45; 2.2%), radiologic mass more than 5 cm (1/45; 2.2%),

and a combination of these factors (2/45; 4.4%). In the post-

Z0011 group, reasons for exclusion included mastectomy

(43/61; 70.5%), lack of invasive carcinoma (13/61; 21.3%),

neoadjuvant chemotherapy (4/61; 6.6%), and a combination

of factors (1/61; 1.6%).

Twenty-four (20.7%) of 116 and 34 (25.4%) of 134 of

patients in pre- and post-Z0011 groups, respectively, had

SLN metastases, with similar distribution of metastatic size,

as shown in Table 1. Two (3.4%) of 58 had more than two

positive SLNs, and the remaining 56 (96.6%) of 58 had one

to two positive SLNs. Of 54 patients with SLN micro-

metastases (22/54; 40.7%) or macrometastases (32/54;

59.3%), 31 (57.4%) had undergone preoperative axillary

staging. Of these, 25 (80.7%) had negative axillary US, five

(16.1%) had suspicious US but negative FNA, and one

(3.2%) had suspicious US but FNA material was insufficient

for diagnosis.

SLN positivity was associated with larger (radiographic

mass and pathologic) tumor size and preoperative axillary

US use but not with other high-risk tumor features such as

high-grade or triple-negative (ER, progesterone receptor,

and HER-2/neu) status, final surgery, or SLN FS utilization

via univariable analysis. However, decision for US use was

often due to the presence of a radiologic mass of predefined

size; thus, in multivariable logistic regression models, only

larger size remained significantly associated with SLN posi-

tivity, both for radiologic mass size (P¼ .002) and for

pathologic size (P¼ .0003), which showed strong positive

correlation (r¼ 0.735). Specifically, patients with positive

SLN(s) had a median radiologic mass size of 1.6 cm (quar-

tiles 1-3, 1.1-2.8 cm) vs 1.1 cm (quartiles 1-3, 0.8-1.5 cm) in

patients with negative SLN(s). However, radiologic mass

was only identified in 51 (87.9%) of 58 and 26 (81.3%) of

32 patients with SLN metastases of any size and patients

with SLN macrometastases, respectively.

SLN FS Utilization and Performance

Overall, there was a significant decline in SLN FS utiliza-

tion post-Z0011 (P< .0001). However, this decrease was

driven by a marked reduction in FS request for patients

undergoing SLN biopsy in combination with lumpectomy

(P< .0001), with SLN FS request for 53 (73.6%) of 72 and 19

(25.0%) of 76 of BCT patients in pre- and post-Z0011 groups,

respectively. There was no difference in SLN FS request for

patients undergoing SLN biopsy alone and in combination

with mastectomy in pre- and post-Z0011 groups Figure 1 .

There were no other differences in clinicopathologic features

among patients who underwent SLN FS vs those who did not.

Pathology FS performance was good and equivalent in

pre- and post-Z0011 groups Table 2 . Specifically, there

were no FPs and there were low rates of FN (6.3% and 3.8%

in pre- and post-Z0011 groups, respectively). Four (80%) of

five pre-Z0011 FNs were micrometastases; these four cases,

as well as both post-Z0011 FN cases (one micrometastasis
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Table 1
Clinicopathologic Features in Patients Undergoing SLN Biopsy Before (Pre-Z0011) and After (Post-Z0011) Publication of

ACOSOG Z0011 Clinical Trial Results

Characteristic Pre-Z0011 (n¼ 116) Post-Z0011 (n¼ 134) P Value

Age at diagnosis, mean (SD), y 62.4 (10.0) 61.2 (10.6) .35a

Diagnosis, No. (%) .20b

DCIS 17 (14.7) 13 (9.7)

IDC 85 (73.3) 96 (71.6)

ILC 10 (8.6) 22 (16.4)

Other 4 (3.4) 3 (2.2)

Pathologic tumor size, median (Q1-Q3), cm 1.1 (0.7-1.7) 1.1 (0.8-1.7) .32c

Grade, No. (%)d .18e

Low/mBR 1 35 (30.2) 29 (21.6)

Intermediate/mBR 2 45 (38.8) 66 (49.3)

High/mBR 3 36 (31.0) 39 (29.1)

Estrogen receptor expression, No. (%)f .71b

Negative 24 (20.7) 22 (16.4)

Weak 1 (0.9) 1 (0.7)

Positive 91 (78.4) 111 (82.8)

Progesterone receptor expression, No. (%)f .80e

Negative 30 (25.9) 33 (24.6)

Weak 7 (6.0) 11 (8.2)

Positive 79 (68.1) 90 (67.2)

HER-2/neu status, No. (%)g n¼94 n¼115 .31b

Negative 83 (88.3) 96 (83.5)

Equivocal 0 (0) 3 (2.6)

Positive 11 (11.7) 16 (13.9)

Laterality, No. (%) .29e

Right 64 (55.2) 65 (48.5)

Left 52 (44.8) 69 (51.5)

Radiologic mass, No. (%) .02e

Present 83 (71.6) 112 (83.6)

Not present 33 (28.4) 22 (16.4)

Radiologic mass size, median (Q1-Q3), cm n¼83 1.1 (0.8-1.9) n¼112 1.2 (0.9-1.9) .54c

Preoperative axillary US, No. (%) .07e

Performed 52 (44.8) 45 (33.6)

Not performed 64 (55.2) 89 (66.4)

Axillary US results, No. (%) n¼52 n¼45 .19b

Negative 46 (88.5) 35 (77.8)

Suspicious/FNA negative 6 (11.5) 8 (17.8)

Suspicious/FNA ND/QNS 0 (0) 2 (4.4)

Surgical procedure for SLN biopsy, No. (%) .14e

Separate 10 (8.6) 23 (17.2)

With BCT 72 (62.1) 76 (56.7)

With mastectomy 34 (29.3) 35 (26.1)

Positive SLNs, No. (%) .31e

None 92 (79.3) 100 (74.7)

1-2 24 (20.7) 31 (23.1)

�3h 0 (0) 3 (2.2)

Total No. of SLNs excised, median (range) 2 (1-11) 2 (1-11) .19c

SLN metastases subdivided by metastasis size, No. (%) .79b

None 92 (79.3) 100 (74.6)

Isolated tumor cells (<0.2 mm) 1 (0.9) 3 (2.2)

Micrometastasis (0.2 mm to 0.2 cm) 9 (7.8) 13 (9.7)

Macrometastasis (>0.2 cm) 14 (12.1) 18 (13.4)

Neoadjuvant chemotherapy prior to resection, No. (%)

Yes 2 (1.7) 5 (3.7) .46e

No 114 (98.3) 129 (96.3)

Final surgery, No. (%) .27e

BCT 72 (62.1) 74 (55.2)

Mastectomy 44 (37.9) 60 (44.8)

ACOSOG, American College of Surgeons Oncology Group; BCT, breast-conserving therapy; DCIS, ductal carcinoma in situ; FNA, fine-needle aspiration; HER-2, human

epidermal growth factor receptor 2; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; mBR, modified Bloom-Richardson; ND, not done; QNS, quantity

not sufficient; Q1-Q3, quartiles 1 to 3; SLN, sentinel lymph node; US, ultrasound.
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and one 0.25-cm macrometastasis), were due sampling error

in which metastatic foci were present in deeper PS slides

only and not in re-reviewed FS slides. The remaining pre-

Z0011 FN case consisted of a (0.5-cm) macrometastasis of

lobular carcinoma that was reported as atypical cells at FS;

carcinoma was later confirmed to be metastasis in both FS

and PS slides.

ALND Utilization

There was a significant decline in ALND in the post-

Z0011 group (P¼ .014), with 17 (70.8%) of 24 and 13

(38.2%) of 34 patients with positive SLN(s) undergoing

ALND in pre- and post-Z0011 groups, respectively. Decline

in performance of ALND was seen in patients with micro-

and macrometastatic disease in their SLN(s) Table 3 .

In patients who underwent SLN FS, nine (90%) of 10

pre-Z0011 patients and six (75%) of eight post-Z0011

patients with TP FS results underwent immediate ALND

within the same surgical procedure. ALND was later per-

formed in three (60%) of five and zero (0%) of two FN SLN

FS cases in pre- and post-Z0011 groups, respectively.

ALND Outcome

Additional positive axillary lymph nodes were infre-

quently identified in ALND specimens, and similar numbers

of patients underwent additional surgery for ALND in both

groups (Table 3).

Of patients with additional positive axillary lymph

nodes, all four pre-Z0011 patients and three of four post-

Z0011 patients who underwent SLN FS had TP SLN FS and

had ALND within the same procedure.

Increased pN stage occurred in two (50%) of four pre-

Z0011 and three (75%) of four post-Z0011 patients who had

additional positive lymph nodes identified by ALND.

Table 1 (cont)
aTwo-sample t test.
bFisher exact test.
cWilcoxon rank sum test.
dTumor grade was given as a nuclear grade (low, intermediate, or high) for DCIS and modified Bloom-Richardson grade for invasive carcinoma.
ev2 Test.
fEstrogen and progesterone receptor expression was defined as negative for less than 1%, weak for 1% to 10%, and positive for more than 10% tumor nuclei staining.
gHER-2/neu status was defined as negative for 0 to 1þ and positive for 3þmembranous tumor staining by immunohistochemistry. In cases of equivocal 2þ staining by immuno-

histochemistry, reflex HER-2/neu fluorescence in situ hybridization was performed, and in these cases, HER-2/neu status was defined as negative for less than 1.8, equivocal for

1.8 to 2.2, and positive for more than 2.2 HER-2/Chromosome 17 centromere (CEP-17) ratio.
hA small percentage of patients in the Z0011 trial had three of more positive SLNs; therefore, the small proportion observed in this study was not excluded from analysis.
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Figure 1 Sentinel lymph node (SLN) frozen-section (FS) utilization by surgery before (pre-Z0011) and after (post-Z0011) publi-

cation of the American College of Surgeons Oncology Group Z0011 clinical trial results. BCT, breast-conserving therapy.
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Upstage consisted of one patient in each group with an in-

crease in stage from pNmi to pN1a, one in the post-Z0011

group from pN2a to pN3a, and one in each group from pN1a

to pN3a. All three cases upstaged to pN3a had the pathologic

tumor subtype of invasive lobular carcinoma (ILC) with a

size range of 1.5 to 3.1 cm. Two of these cases had negative

preoperative axillary US; in these cases, there was metastatic

carcinoma in 21 of 29 and 17 of 20 lymph nodes, with largest

metastatic deposits of 0.9 and 1.0 cm, respectively. The other

case upstaged to pN3a was suspicious via preoperative axil-

lary US, but FNA yielded a nondiagnostic hypocellular speci-

men. This case had metastatic carcinoma in 11 of 12 lymph

nodes, with the largest metastatic focus of 0.9 cm.

Reoperation for ALND

Three of eight pre-Z0011 patients and four of six post-

Z0011 patients who underwent additional surgery for

ALND had designed two-step procedures with separate

SLN biopsy occurring prior to primary breast surgery. Two

patients from each group also necessitated margin

reexcision following the SLN biopsy procedure. Thus, only

three patients in the pre-Z0011 group and no patients in the

post-Z0011 group underwent ALND as the sole indication

for surgery. These three pre-Z0011 patients were all BCT

patients for whom subsequent ALND specimens were nega-

tive for additional lymph node involvement. Furthermore,

all three pre-Z0011 patients who underwent a separate pro-

cedure for ALND met Z0011 eligibility criteria, and only

one would have been recommended ALND by conservative

institutional post-Z0011 selection criteria.

In the subset of post-Z0011 patients who met all Z0011

inclusion criteria, no patients underwent ALND as the

sole surgical indication despite infrequent use of SLN FS

Figure 2 .

Discussion

Prior to the ACOSOG Z0011 clinical trial, there were

shifting attitudes toward less aggressive axillary manage-

ment for patients with low-volume SLN metastasis. Results

of this trial further supported omitting ALND, and thus its

morbidity, for many of these patients as there was no differ-

ence among 6-year locoregional control, DFS, and OS be-

tween those who did and did not undergo subsequent

ALND.11,12

Significant practice change resulted at many institu-

tions as a result of publication of Z0011 results. However,

different approaches have arisen due to their variable inter-

pretation.35-38 At our institution, a conservative approach

was initially taken owing to selection bias in Z0011.

Specifically, ALND was only routinely omitted for BCT pa-

tients with one or two positive SLNs who had good progno-

sis clinicopathologic features (cT1, ER positive, HER-2/neu

negative, aged>50 years, and micrometastatic SLN disease

only). This study, like others, showed a significant overall

decline in performance of ALND for patients with positive

Table 3
ALND Utilization and Outcomes Before (Pre-Z0011) and After (Post-Z0011) Publication of ACOSOG Z0011 Clinical Trial

Results

Characteristic Pre-Z0011 Post-Z0011 P Value

No. of ALNDs performed/total No. (%) of cases with metastases

subdivided by SLN metastasis size

.014

Isolated tumor cells (<0.2 mm) 0/1 (0) 0/3 (0)

Micrometastasis (0.2 mm to 0.2 cm) 4/9 (44.4) 3/13 (23.1)

Macrometastasis (>0.2 cm) 13/14 (92.9) 10/18 (55.6)

No. of cases with additional positive axillary lymph

nodes/total No. (%) ALND cases subdivided by SLN

metastasis size

.41

Micrometastasis (0.2 mm to 0.2 cm) 1/4 (25.0) 1/3 (33.3)

Macrometastasis (>0.2 cm) 3/13 (23.1) 3/10 (30.0)

No. of additional surgeries required for ALND/total

No. (%) of ALND procedures performed

8/17 (47.1) 6/13 (46.2) .26

ACOSOG, American College of Surgeons Oncology Group; ALND, axillary lymph node dissection; SLN, sentinel lymph node.

Table 2
Pathology SLN FS Performance Before (Pre-Z0011) and After

(Post-Z0011) Publication of ACOSOG Z0011 Clinical Trial

Results

Characteristic

Pre-Z0011

(n 5 79/116)

Post-Z0011

(n 5 52/134) P Value

SLN FS outcome, No. (%) .78

True negative 64 (81) 42 (80.8)

True positive 10 (12.7) 8 (15.4)

False negative 5 (6.3) 2 (3.8)

False positive 0 (0) 0 (0)

Sensitivity, % 66.7 80 .66

Specificity, % 100 100 —

Positive predictive value, % 100 100 —

Negative predictive value, % 92.8 95.5 .56

ACOSOG, American College of Surgeons Oncology Group; FS, frozen section; SLN,

sentinel lymph node.
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SLN(s) post-Z0011.39,40 Based on the conservative criteria

initially proposed, one would have expected that this decline

was a result of a decrease in ALND for micrometastatic

SLN disease alone. However, ALND performance also sig-

nificantly decreased for patients with macrometastatic dis-

ease post-Z0011 (10/18; 55.6%) compared with pre-Z0011

(13/14; 92.9%), reflecting increasing surgeon and patient

adoption of Z0011, which allowed ALND avoidance regard-

less of metastasis size.11,12

Although Z0011 clarified reduced need for ALND in a

subset of SLN-positive patients, other questions have arisen,

such as the following: Which patients should get preopera-

tive axillary staging and/or intraoperative SLN evaluation?

Acknowledging that we would have fewer cases with

meaningful metastatic disease (ie, necessitating ALND), our

institution altered our routine practice of using preoperative

axillary US 6 FNA for all patients with clinical tumor size

of more than 1 cm, increasing this cutoff to more than 2 cm.

With the change in US screening size, we observed a trend

toward reduced preoperative axillary US use in post-Z0011

patients (33.6%) compared with pre-Z0011 patients

(44.8%), although this did not reach statistical significance

(P¼ .07). There was a similar number and distribution of

patients with positive SLN(s) in both pre- and post-Z0011

groups (19.9% and 23.1% with micro- or macrometastatic

disease in pre- and post-Z0011 groups, respectively), sug-

gesting that the alteration in screening practice did not sig-

nificantly influence rates of SLN metastasis in our patient

populations. However, in this study, larger median radio-

logic mass size of 1.6 cm correlated with SLN positivity (vs

1.1 cm in SLN-negative patients). Similarly, Caudle et al39

compared SLN surgical practices before and after Z0011

and observed median tumor sizes of 1.6 and 1.75 cm in

SLN-positive patients, also suggesting that lowering the

tumor size screening cutoff could identify more SLN-

positive patients preoperatively.

Prior to Z0011, patients at our institution with clinically

negative axillae and negative or indeterminate preoperative

axillary staging (if performed) commonly underwent intrao-

perative evaluation of SLN with FS regardless of primary

breast surgery type. Following Z0011, we saw a marked,

nearly threefold, reduction (from 73.6% to 25%) in requests

for SLN FS for BCT patients, with no change in SLN FS re-

quests for patients undergoing SLN alone or in combination

with mastectomy. Aside from surgery type, there were no

clinicopathologic features associated with SLN FS use in this

Z0011 eligible patients (n = 73)

SLN FS performed

Yes (17/73 [23.3%])

Yesb 
(3/16 [18.8%])

No 
(13/16 [81.2%])

Yesa (1/3 [33.3%]) No (2/3 [66.7%])

No (56/73 [76.7%])

Negative (no ALND)

(40/56 [71.4%])

True negative 
(no ALND)

(14/17 [82.4%])

True positive

(3/17 [17.6%])

Immediate ALND

Yes (0/2 [0.0%]) No (2/2 [100.0%])

False negative 

(0/17 [0.0%])

False positive 

(0/17 [0.0%])

Positive

(16/56 [28.6%])

Later ANLD

emoctuo SPemoctuo SF

Later ALND

Figure 2 Frozen-section (FS) utilization and outcomes of the subset of post-Z0011 patients who met all inclusion criteria for

the American College of Surgeons Oncology Group Z0011 clinical trial (N¼ 73). aRequired later breast surgery for margin con-

trol. bUnderwent later ALND in combination with additional breast surgery for margin control. ALND, axillary lymph node dis-

section; PS, permanent section; SLN, sentinel lymph node.
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study, suggesting that among BCT patients, the decision for

SLN FS was largely due to patient and surgeon preference.

We observed no change in need for reoperation for

ALND in pre- and post-Z0011 cohorts despite marked reduc-

tion in SLN FS use for post-Z0011 BCT patients. In addition,

all but three pre-Z0011 patients who underwent a later pro-

cedure for ALND had other indications for surgery, and all of

these patients may have avoided ALND, depending on insti-

tutional interpretation of Z0011 results. Additional surgical

indications were a result of designed two-step procedures (7/

14; 50%) and need for margin reexcision of the primary

breast tumor (4/14; 28.6%), which infrequently occurred

owing to our practice intraoperative evaluation with FS for

lumpectomy margins in BCT patients (with resulting surgical

margin reexcision rates of 9%-15%).19,41

Despite reduction in SLN FS utilization and no change

in ALND rate, SLN FS was beneficial for a subset of (nine

pre-Z0011 and six post-Z0011) patients who underwent

ALND within the same procedure. In post-Z0011 patients

who underwent SLN FS, six of eight patients with TP re-

sults underwent immediate ALND and none with FN re-

sults underwent later ALND, which can be interpreted as

achieving 100% sensitivity and specificity for the detec-

tion of clinically meaningful metastatic disease. Eleven

additional patients in the post-Z0011 group who did not

have SLN FS and later underwent ALND may have also

benefited from SLN FS and been spared a later surgery for

this indication.

While patient preference should always be paramount,

this and other studies have shown that certain clinicopatho-

logic features are predictive of significant metastatic axil-

lary disease and thus provide stronger indications for

recommendation of intraoperative SLN evaluation, includ-

ing SLN FS. Specifically, larger tumor size (1.6 cm or

greater) appears predictive of SLN positivity in ours and

other studies. In addition, we observed disproportionate

nodal upstage in patients with ILC (3/32; 9.4%) compared

with other invasive breast cancer subtypes (2/188; 1.1%).

ILC subtype has long been known to be subtly infiltra-

tive and less likely than other subtypes to form discrete

masses detectable by routine imaging methods. As a result,

ILC tumor size and nodal disease can often be clinically

underestimated.42 In addition, Ganaraj et al43 compared pa-

tients with invasive breast cancer who underwent SLN and

non-SLN excision and found that lobular subtype, compared

with ductal, was predictive of non-SLN involvement when

smaller, micrometastastic foci of disease were present in

SLN(s). These findings support that SLN FS would likely

provide greater benefit for patients with ILC.

Notably, the small, dyscohesive nature of metastatic

ILC cells can be more difficult to detect via preoperative

FNA, especially in the context of a hypocellular specimen.

In general, SLN FS may be of greater benefit in cases for

which preoperative US was suspicious but FNA negative or

nondiagnostic, especially in the setting of lobular subtype.

SLN FS allows better detection of ILC metastases due to

identifiable architectural changes but may also be more

challenging due to dyscohesion and small cell size. Of note,

the single SLN FS FN case due to interpretive error (ie, was

present in FS slides) in this study was a metastasis of ILC.

Additional features previously associated with higher

propensity for axillary lymph node metastasis are tumor

multifocality, angiolymphatic invasion, and micropapillary

subtype.44-47 When these features are identified preopera-

tively, SLN FS may also be of greater benefit. In addition,

several previously published predictive models aimed to

identify patients with positive SLN(s) most likely to have

significant non-SLN involvement and thus warrant ALND.

In these studies, features predictive of non-SLN involve-

ment include larger tumor size, angiolymphatic invasion,

and greater number, size, and volume of SLN metasta-

sis.48,49 Although not all of this information may be avail-

able prior to the patient’s primary breast surgery, these

models could be applicable in selection of patients for pre-

operative axillary screening and/or recommendation for

intraoperative SLN evaluation.

ACOSOG Z0011 eligible patient
(clinically T1-2NO) undergoing BCT

Is imaging size ≥1.6 cm?

Yes No

Yes No

Perform SLN biopsy

Are high-risk 
featuresa present?

Perform axillary US

Suspicious

Perform FNA

Positiveb Insufficient/
Nondiagnostic

Consider 
SLN FS

SLN FS likely
nonbeneficial

Negative

Figure 3 Recommended algorithm for frozen-section (FS)

evaluation of sentinel lymph node(s) (SLNs) in American

College of Surgeons Oncology Group (ACOSOG) Z0011 eli-

gible patients undergoing breast-conserving therapy (BCT).
aHigh-risk features: invasive lobular or micropapillary sub-

type, tumor multifocality, and angiolymphatic invasion.
bUsually undergo completion axillary lymph node dissection.

FNA, fine-needle aspiration; US, ultrasound.
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Early breast cancer detection, preoperative axillary

staging, and, most recently, publication of ASOCOG Z0011

have resulted in a decrease in patients likely to have clinic-

ally significant SLN disease necessitating ALND at the time

of intraoperative evaluation. As a result, we observed a

marked reduction in SLN FS utilization in post-Z0011 BCT

patients but no change in reoperation for ALND. However,

post-Z0011 intraoperative SLN FS detection of clinically

meaningful SLN metastases was highly accurate and reli-

ably identified patients who benefited from ALND, allow-

ing them to avoid future surgery for this indication.

Identification of patients with high-risk clinicopathologic

features and/or use of predictive models could optimize se-

lection of patients for which SLN FS would be of greatest

benefit, sparing them reoperation for ALND. Based on this

and other studies, Figure 3 outlines our proposed axillary

evaluation of BCT patients meeting Z0011 eligibility re-

quirements, including scenarios that warrant higher consid-

eration of SLN FS.
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University of Michigan, 1500 E. Medical Center Dr, Rm 2G332,
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