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ABSTRACT

Background. Inflammatory breast cancer (IBC) has his-

torically been characterized by high rates of recurrence and

poor survival; however, there have been significant

improvements in systemic therapy. We sought to investi-

gate modern treatment of IBC and define the yield and

prognostic significance of axillary lymph nodes after

neoadjuvant chemotherapy (NAC).

Methods. Women with clinical stage T4d, N0–N3, M0

IBC from 2012 to 2016 in the National Cancer Database

were included. Kaplan–Meier survival curves and Cox

regression were used to assess mortality by receptor sub-

type and nodal status.

Results. We identified 5265 patients; 37% hormone

receptor (HR) ?/HER2 - , 19% HR ?/HER2 ? , 18%

HR -/HER2 ? , and 26% triple-negative, and 5-year

overall survival was 51.6%. Only 34% were treated

according to guidelines with NAC, modified radical mas-

tectomy, and adjuvant radiation. Pathologically positive

lymph nodes (ypN ?) after NAC varied by subtype and

clinical nodal status (cN) ranging from 82% in cN ?

HR ?/HER2 - patients to 19% in cN0 HR -/

HER2 ? patients. ypN ? strongly correlated with survival

in all subtypes with the most pronounced impact in HR ?/

HER2 ? patients, with 90% 5-year overall survival in

ypN0 versus 66% for ypN ? (HR 4.29, 95% CI

1.58–11.70, p = 0.03).

Conclusions. Five-year survival in M0 IBC is 51.6%.

Positive nodes after NAC varied by subtype and clinical

N status but is sufficiently high and provided meaningful

prognostication in all subtypes to support continued routine

pathologic assessment. Future study is warranted to iden-

tify reliable, less morbid, methods of staging the axilla in

IBC patients appropriate for deescalation of axillary

surgery.

Inflammatory breast cancer (IBC) is uncommmon, with

an incidence in the United States ranging from 1 to 6%.1–3

Compared with locally advanced breast cancer, IBC has

historically carried a much poorer prognosis characterized

by rapid progression and high rates of early locoregional

recurrence and metastasis.4–6 With advances in systemic

therapy, median overall survival (OS) for IBC patients has

improved dramatically from 15 months (1930–1970

cohort) to 5-year overall survival as high as 69% in IBC

patients completing trimodal therapy in line with current

guidelines.7,8

Specifically, outcomes have improved for IBC patients

with clinical and radiographic resolution of lym-

phadenopathy and pathologic complete response (pCR) in

the breast and axilla following neoadjuvant therapy, which

is most common in patients with HER2 amplified

tumors.9,10 This has lead to an increased interest in how we

might tailor treatment based on response to chemotherapy.

A recent study using a limited number of patients from a

single institution showed that a significant percentage of
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IBC patients with HER2-amplified tumors achieved pCR in

the axilla following NAC, suggesting that this subset my

benefit from consideration of deescalation of axillary

surgery.11

With advancements in systemic therapy, outcomes for

IBC patients continue to improve. Using a modern cohort,

we investigated treatment patterns, outcomes, and the yield

of pathologically positive lymph nodes by receptor subtype

in IBC patients. We sought to develop a better under-

standing of the prognostic value of routine axillary staging

after neoadjuvant chemotherapy by clinical N (cN) stage

and receptor subtype to inform which patients might be

appropriate for study of deescalation of routine axillary

lymphadenectomy.

METHODS

Data Source and Patient Population

Patients were identified using the American College of

Surgeons and American Cancer Society 2016 National

Cancer Database (NCDB) breast-cancer participant use file

(PUF). The NCBD is a clinical oncology database created

using hospital registry data collected from[ 1500 Com-

mission on Cancer (CoC)-accredited facilities and captures

over 70% of incident cancers each year in the United

States. Adult women (C 18 years old) diagnosed with

nonmetastatic (cM0), clinical stage T4d IBC between

January 1, 2012 and December 31, 2016 were included.

Cancer cases before 2012 were excluded, because that was

the first year that NCDB instituted a revised coding

directive to accurately differentiate between patients

undergoing sentinel lymph node biopsy (SLNB) and axil-

lary lymph node dissection (ALND). Women who had

previous cancer diagnoses also were excluded. All best

practice recommendations of the NCDB were followed (h

ttps://www.facs.org/-/media/files/quality-programs/cancer/

ncdb/puf_supplemental_documentation.ashx).

Patients were then stratified by cancer subtype using

estrogen receptor (ER), progesterone receptor (PR) status,

and HER2; women who were ER- and/or PR-positive were

considered hormone receptor-positive (HR ?). Cancer

subtypes included HR ?/HER2 -, HR ?/HER2 ?,

HR -/HER2 ?, and triple-negative (TN). A total of 312

women were unable to be classified due to missing infor-

mation in ER, PR, and/or HER2 status. Other variables of

interest included patient demographics, cancer histology

(ductal, lobular, and other), and surgery. Surgery was

stratified into lumpectomy and mastectomy, which inclu-

ded simple/total mastectomy, modified radical

mastectomy, radical mastectomy, extended radical, sub-

cutaneous, and mastectomy not otherwise specified.

Women recorded as having underwent both SLNB and

ALND were classified as ALND. Pathologic complete

response (pCR) in the breast included women with patho-

logic status of ypT0 or ypTis and ypN0

Statistical Analyses

Descriptive statistics were used to access patient

demographics and cancer characteristics among all women

with T4d disease. Kaplan–Meier survival curves were used

to assess 5-year, all-cause mortality and stratified by cancer

subtype and pathologic nodal status. Additional analyses

were performed among women with T4d disease who also

underwent neoadjuvant chemotherapy (NAC, with or

without adjuvant therapy) before surgery (n = 3167). The

association between ypN ? and survival, stratified by

cancer subtype (HR ?/HER2 -, HR ?/HER2 ?, HR-/

HER2 ?, triple-negative), was assessed using Cox pro-

portional hazards regression and interaction terms. A Wald

Chi square test\ 0.05 was considered statistically signifi-

cant, and indicative of being ypN ? after NAC having

different effects on overall survival across subtype.

Multivariable Cox proportional hazards regression were

used to assess the impact of histology, cancer subtype,

pathologic nodal status (pN0, pN ?), Charlson comorbid-

ity index (CCI) score, surgery, and radiation therapy

(neoadjuvant or adjuvant vs. none) on 5-year mortality.

Models also were adjusted for patient age (treated as a

restricted quadratic spline), race/ethnicity, primary insur-

ance, median ZIP code level income, ZIP code education

level, AJCC clinical N status, facility type, region, and year

of diagnosis. Adjuvant radiation therapy was treated as a

time-varying variable; patients were treated as ‘‘unex-

posed’’ until they initiated adjuvant radiation. Correlation

among patients treated at the same facility was accounted

for using robust variance estimates. Patients diagnosed in

2016 and\ 40 years old were excluded from this analysis,

as NCDB suppresses follow-up and hospital characteristic

data, respectively, on these patients (n = 877; 619 diag-

nosed in 2016, 323 were\ 40 years old at diagnosis). To

account for treatment time and immortal person-time,

women with less than 6 months of follow-up were exclu-

ded, which comprised 12 patients total (2 deaths, 10 lost to

follow-up) in the cohort of women C 40 years old who

were diagnosed from 2012 to 2015.12 Kaplan–Meier curve

also was used to compare 5-year survival (beginning

6 months after diagnosis) in women undergoing NAC and

surgery, stratified by adjuvant radiation. All analyses were

performed using SAS 9.4 (SAS Inc., Cary, NC).
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TABLE 1 Patient

demographics, cancer

characteristics, and treatment,

stratified by cancer subtypea

HR ?/HER2-

1837 (37%)

HR ?/HER2?

932 (19%)

HR -/HER2?

905 (18%)

TN

1279 (26%)

Age, yr, med (IQR) 59 (49–68) 55 (46–65) 56 (48–64) 57 (47–66)

Race/ethnicity, n (%)

Non-Hispanic white 1347 (75) 672 (74) 613 (70) 797 (65)

Non-Hispanic black 277 (16) 125 (14) 144 (16) 304 (25)

Hispanic 116 (6) 65 (7) 89 (10) 87 (7)

Otherb 50 (3) 49 (5) 34 (4) 46 (4)

Histology, n (%)

Ductal 1205 (65) 636 (68) 617 (68) 840 (66)

Lobular 241 (13) 83 (9) 53 (6) 82 (6)

Other 391 (21) 213 (23) 234 (26) 357 (28)

Clinical N stage, n (%)

cN0 344 (19) 130 (14) 105 (12) 161 (13)

cN? 1460 (81) 793 (86) 786 (88) 1097 (87)

cN1 939 (52) 543 (59) 486 (55) 654 (52)

cN2 282 (16) 130 (14) 143 (16) 228 (18)

cN3 239 (13) 120 (13) 157 (18) 215 (17)

Chemotherapy, n (%)

Neoadjuvantc 1211 (66) 272 (29) 665 (74) 900 (71)

Adjuvant only 169 (9) 38 (4) 61 (7) 106 (8)

Unknown timing 52 (3) 490 (53) 23 (3) 9 (1)

Definitive chemotherapy 142 (8) 70 (8) 116 (13) 174 (14)

No chemotherapy 250 (14) 60 (6) 34 (4) 79 (6)

Surgery, n (%)

Mastectomy 1483 (81) 804 (86) 737 (82) 1005 (79)

Lumpectomy 46 (3) 19 (2) 20 (2) 35 (3)

None 303 (16) 109 (12) 145 (16) 236 (19)

LN surgery, n (%)

ALNDd 1406 (77) 763 (82) 695 (77) 955 (75)

SLNB 65 (4) 42 (5) 39 (4) 57 (4)

None 359 (19) 125 (13) 168 (19) 263 (21)

Radiation, n (%)

Adjuvante 1244 (68) 668 (72) 595 (67) 779 (61)

Neoadjuvant only 31 (2) 17 (2) 15 (2) 31 (2)

Definitive radiation 39 (2) 13 (1) 21 (2) 33 (3)

No radiation 513 (28) 229 (25) 263 (29) 424 (33)

HR hormone receptor, HER2 human epidermal growth factor receptor 2, TN triple negative, med median,

IQR interquartile range, NAC neoadjuvant chemotherapy, LN lymph node, SNLB sentinel lymph node

biopsy, ALND axillary lymph node dissection
a312 women (6%) were unable to be classified
bOther race includes American Indian, Aleutian, Eskimo, Asian (including south Asian), Pacific Islander,

and ‘‘other’’; race was collapsed due to small sample sizes
cIncludes women who underwent neoadjuvant and adjuvant chemotherapy
dIncludes women who underwent SLNB followed by ALND
eIncludes women who underwent neoadjuvant and adjuvant radiation
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RESULTS

Patient Characteristics

Overall, we identified 5265 patients with nonmetastatic

(cM0) clinical stage T4d IBC in the NCDB from 2012 to

2016 (Table 1). The median age was 57 years old (in-

terquartile range [IQR] 48–66). Median follow-up among

women diagnosed between 2012 and 2015 was

26.8 months (IQR 16.4–41.6) (survivors only: median

32.3 months, IQR 20.2–46.5). The majority had no

comorbidities recorded (82%), were non-Hispanic white

(71%), and presented with ductal histology (66%). The

most common receptor subtype was HR ?/HER2 - (n =

1837, 37%), followed by triple-negative (n = 1279, 26%),

HR ?/HER2 ? (n = 932, 19%), and HR -/HER2 ? (

n = 905, 18%); 312 women could not be classified due to

missing data. Overall, 15% presented with cN0 disease,

53% with cN1, 16% with cN2, and 15% w cN3 disease;

clinical nodal status was unknown in 93 women.

Treatment Characteristics

Of all patients (n = 5265), 4726 (90%) received

chemotherapy; of those, 3168 patients (61%) received

neoadjuvant chemotherapy (NAC) followed by surgery.

Among patients who did not receive chemotherapy

(n = 500), recorded reasons for why it was not given were:

not offered for 256 patients (52%), 144 patients (30%)

refused, it was contraindicated in 76 (16%), and 12 (2%)

died before administration. For the entire cohort, resection

of the primary tumor was performed in 4361 (82%)

patients with the majority undergoing mastectomy 4192

(80%), lumpectomy was performed in 124 (2%), and 934

(18%) did not have resection of the primary tumor. For all

patients, management of the axilla, 3960 (76%) underwent

ALND (with or without SLNB), 210 (4%) had SLNB

alone, and 1028 (20%) did not have surgical staging of the

axilla. Radiation (RT) was received by 3620 (67%)

patients. For those patients who did not receive radiation

therapy (n = 1603), a majority 1108 (83%) were not

offered RT, 150 (11%) refused, and it was contraindicated

in 80 (6%) patients. In total, 3419 (66%) received tri-

modality therapy (chemotherapy, mastectomy or

lumpectomy, and radiation) in any order, and 1766 (34%)

were treated according to the most recent guidelines, which

recommend neoadjuvant chemotherapy followed by mod-

ified radical mastectomy followed by adjuvant radiation

therapy.13

Pathologic Staging after NAC

To assess the pathologic findings of axillary surgery for

node-positive disease and the prognostic significance of

residual nodal positivity in the modern era of systemic

therapy, we focused on the cohort of patients who under-

went NAC followed by surgical resection (n = 3167). pCR

in the breast and axilla after NAC occurred in 20% of all

women. When stratified by subtype, 52% of HR -/

HER2 ? and 36% of HR ?/HER2 ? patients achieved

pCR, whereas only 7% of HR ?/HER2 - patients and

20% of TN patients demonstrated a pCR following NAC

(Table 2). Of note, in patients who were cN0 (n = 434)

before NAC, 61% of HR ?/HER2 -, 27% of HR ?/

HER2 ?, 19% of HR -/HER2 ?, and 32% of TN were

found to have pathologically positive nodes after NAC

(Fig. 1). Among patients who were cN ? before NAC and

surgery (n = 2694), 82% of HR ?/HER2 -, 43% of

HR ?/HER2 ?, 33% of HR -/HER2 ?, and 64% of TN

patients were ypN ?.

Factors Associated with 5-Year Mortality

Among all adult women diagnosed between 2012 and

2015, 5-year overall survival was 51.6% (95% confidence

interval [CI] 49.2–53.9) (Fig. 1a). When stratified by sub-

type, 5-year survival (irrespective of treatment) was 51.6%

(95% CI 47.6–55.9) among HR ?/HER2 -, 72.8% (95%

CI 68.1–77.9) among HR ?/HER2 ?, 60.4% (95% CI

54.8–66.5) among HR -/HER2 ?, and 34.4% (95% CI

30.2–39.3) among TN women (Fig. 2a).

Among women who underwent NAC followed by

resection, pathologically node-positive disease was asso-

ciated with increased incidence of 5-year mortality after

treatment across all subtypes (Fig. 3). The impact of

ypN ? on 5-year, all-cause mortality was differential

across cancer subtype, p = 0.03. The impact of ypN ?

among women with HER2 ? disease (HR ?/HER2 ? :

66% vs. 90% survival, hazard ratio [HR] 4.29, 95% CI

1.58–11.70; HR -/HER2 ? : 45% vs. 78% survival, HR

3.24, 95% CI 2.13–4.94). Pathologic lymph node positivity

was associated with a threefold increase in mortality

among TN women (27% vs. 66% survival, HR 3.34, 95%

CI 2.45–4.56) and a twofold increase in mortality among

HR ?/HER2 - women (53% vs. 70% survival, HR 1.72,

95% CI 1.16–2.55).

Potential risk factors for 5-year mortality were assessed

among women who received NAC and underwent breast

surgery between 2012 and 2015 (Table 3). After adjust-

ment, HR -/HER2 ? and TN subtypes compared with the

reference subtype HR ?/HER2 ?, were associated with

significantly increased all-cause mortality (p = 0.02 and

p\ 0.0001, respectively). Additionally, residual tumor in
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the breast at surgical resection compared with women with

breast pCR (ypT0/ypTis) as well as residual tumor in the

lymph nodes compared with women with ypN0 was asso-

ciated with increased 5-year mortality (p = 0.0004 and

p\ 0.0001, respectively). In the small group of women

who underwent SLNB compared with ALND, there was no

significant difference in survival.

DISCUSSION

Herein, we describe the modern treatment and outcomes

of patients with nonmetastatic IBC in a large number of

patients from the National Cancer Database. Historically,

this diagnosis has been associated with a dismal prognosis;

however, this cohort demonstrates 5-year survival of 51.6%

in IBC patients who present without metastatic disease.4–6

This includes all IBC patients regardless of treatment and

was not limited to those fit for surgery or chemotherapy or

who had a response to neoadjuvant therapy. The historical

impact of HER2 overexpression has been dramatically

altered with the development and use of effective targeted

anti-HER2 agents and that receptor subtype now has the

best prognosis in IBC.

While 66% of patients in this cohort received tri-

modality treatment in any order, only 34% received current

guideline concordant care of neoadjuvant chemotherapy

followed by modified radical mastectomy and postmas-

tectomy radiation. It is unclear whether treatment variation

represents thoughtful multidisciplinary approaches to a

complex disease or the extent to which it represents an

TABLE 2 Pathologic staging

by receptor subtype in patients

who received neoadjuvant

chemotherapy (NAC) followed

by surgical resectiona

HR ?/HER2-

1211 (40%)

HR ?/HER2?

272 (8%)

HR -/HER2?

665 (22%)

TN

900 (30%)

Pathologic T, n (%)

ypT0 105 (9) 72 (31) 284 (49) 195 (23)

ypTis 23 (2) 22 (10) 60 (10) 18 (2)

ypT1 309 (27) 55 (24) 106 (18) 230 (28)

ypT2 204 (18) 19 (8) 23 (4) 103 (12)

ypT3 169 (15) 18 (8) 18 (3) 86 (10)

ypT4 328 (29) 44 (19) 88 (15) 199 (24)

Missing 73 42 86 69

Pathologic N, n (%)

ypN0 295 (23) 150 (57) 444 (68) 377 (39)

ypN? 1010 (78) 112 (42) 212 (32) 578 (61)

ypN1 378 (29) 56 (21) 114 (17) 228 (24)

ypN2 413 (32) 40 (15) 66 (10) 209 (22)

ypN3 219 (17) 16 (6) 32 (5) 141 (15)

Missing 62 26 63 58

Overall, n (%)

pCR 79 (7) 82 (36) 296 (52) 165 (20)

ypT0Tis/ypN? 47 (4) 11 (5) 42 (7) 46 (6)

ypT ?/ypN0 161 (14) 51 (22) 91 (16) 155 (19)

ypT ?/ypN? 831 (74) 84 (37) 135 (24) 444 (55)

Missing 93 44 101 90

HER2 human epidermal growth factor receptor 2, AJCC American joint committee on cancer, LN lymph

node, pCR pathologic complete response
a120 women who underwent NAC and surgery were unable to be classified into subtype
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opportunity to improve outcomes with better compliance to

treatment. Further study is needed to assess factors asso-

ciated with nonguideline concordant treatment.

In this analysis, we focused on the yield and prognostic

significance of lymph node staging after NAC in IBC

patients. Specifically, if a group of patients could be

identified that had a sufficiently low yield of nodal posi-

tivity after neoadjuvant chemotherapy then the omission of

pathologic nodal staging could be justified, thereby

decreasing the number of patients undergoing axillary

dissection and the associated morbidity. In our cohort,

however, even in patients with the HR -/HER2 ? sub-

type, which were most likely to have a complete response

to neoadjuvant chemotherapy, and clinical node-negative

disease, pathologic assessment of the lymph nodes yielded

a positive result in 19% of patients. Yield as high as 82%

was seen in patients with hormone receptor-positive dis-

ease and clinically positive axilla. Based on these numbers,

we could not identify a patient population with sufficiently

low yield of tumor-involved axillary nodes to omit patho-

logic axillary staging, and the decision for routine staging

of the axilla should be based on the value in terms of

recurrence and prognostication.

The effect of axillary lymph node dissection in inflam-

matory breast cancer has not been definitively

characterized. A precise threshold of exactly at what yield

staging of the axilla would not be recommended is both

context- and patient-specific and has not been clearly

established. Fayanju et al.14 used the NCDB to assess

survival differences in patients with IBC according to

number of lymph nodes removed at the time of surgery.

After accounting for prognostic factors, they found that

removal of ten or more lymph nodes (which they used as a

surrogate for ALND) was not associated with increased

survival, even in patients with high clinical nodal burden.

Given this lack of survival benefit in removing additional

lymph nodes as well as the significant morbidity of ALND

with postmastectomy radiation therapy, there is interest in

ways to deescalate management of the axilla in inflam-

matory breast cancer.15–17 DeSnyder et al.18 reported a

limited trial of the feasibility of SLNB after NAC in IBC

and found 75% failed to map using dual tracer in a cohort

of 16 patients, 7 of whom had N3 disease. However,

another study of 20 patients showed a SLN identification

rate of 80% with a false-negative rate of 18%.19 Deesca-

lation of axillary surgery, whether SLNB, targeted axillary

dissection, or a novel image-guided technique must

demonstrate accuracy and safety with regards to regional

failure in IBC, but future study is warranted to provide

prognostic information gained from nodal staging without

incurring the morbidity of ALND.20

An additional rationale for routine staging of the axilla

is that nodal status is prognostic and can be used to stratify

patients for adjuvant therapy. We did find that residual

nodal disease after neoadjuvant chemotherapy was a sig-

nificant predictor of mortality in all subtypes, with an

absolute difference in survival at 5 years of 39% in TN

patients. This study cohort includes patients treated from

2012 to 2016, prior to the application of the findings from

the Create-X and Katherine trials to clinical practice.21,22

These trials have demonstrated significant benefit in

recurrence free survival with adjuvant treatment in triple-
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negative and HER2 amplified patients with residual disease

after neoadjuvant chemotherapy. This means the survival

data in patients with residual disease in our cohort is likely

worse than current patients who will now be assessed for

additional adjuvant systemic therapy.

To evaluate whether axillary staging identifies patients

for adjuvant systemic therapy in our cohort, we specifically

looked at the patients that had in breast pCR and residual

axillary disease to assess the potential effect of omitting

axillary staging. In this group, omission of axillary surgery

would result in failure to identify residual disease and

patients who may benefit from adjuvant therapy. We found

that missed residual disease would occur in 4–7% of

individuals depending on the subtype. In the absence of

changing adjuvant treatment, it is not clear at which

prognostic stratification the morbidity of additional surgery

is justified, but these data do indicate significant prognostic

value of nodal evaluation.

There are several limitations to this study. First, this

study used observational data, and we are unable to fully

capture clinician and patient decision-making and the

reasons why women received different treatment regimens.

Second, IBC is a clinical diagnosis with no specific histo-

logic criteria for pathologic diagnosis and may lead to

some patients being incorrectly diagnosed as IBC to be

included in this cohort. Additionally, pathologic response

after NAC is reported by individual institutions and is not

subject to central pathology review, which introduces some

possibly variability. Additionally, recording of radiation

and systemic therapy may be underreported, so it is pos-

sible that more patients received multimodality care than
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clinical stage T4d inflammatory breast cancer between 2012 and

2015, and who underwent neoadjuvant chemotherapy followed by

surgical resection, stratified by pathologic nodal status. Follow-up

began at 6 months to account for treatment time
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we report. We also are unable to assess anti-HER2 treat-

ment, as it was captured with chemotherapy in 2012 and

with immunotherapy 2013–2016 (specifics on types of

chemotherapy and immunotherapy are not available in

NCDB). Breast cancer-specific survival and cancer recur-

rence is not included in NCDB and limits interpretation of

the effect of variables on survival. Finally, while NCDB is

a national, hospital-based database, participation is volun-

tary, and therefore these estimates are not nationally

representative.

CONCLUSIONS

In this study, we explore the outcomes and prognostic

significance of residual lymph-node positivity in the era of

modern systemic therapy in patients with IBC. Overall

survival of 51.6% in patients with M0 IBC with the best

prognosis in HR ?/HER2 ? patients. The probability of

positive nodes after NAC varied by subtype and clinical

N status but is sufficiently high and provided meaningful

prognostication in all subtypes to support continued routine

pathologic assessment in IBC. Future study is warranted to

identify reliable, less morbid methods of staging the axilla

in IBC and to identify patients appropriate for deescalation

of axillary surgery.
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