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Abstract

BACKGROUND—Inflammatory breast cancer (IBC) is a rare, aggressive form of breast cancer
with poorly understood prognostic variables. The purpose of this study was to define the
prognostic impact of HER-2 status on survival outcomes of patients with IBC.

METHODS—In all, 179 patients with IBC, diagnosed between 1989 and 2005, with known
HER-2 status, and treated with an anthracycline-based chemotherapy regimen without
trastuzumab, were included in the analysis. Patients with HER-2-positive disease who received
trastuzumab at the time of disease recurrence were included. Survival outcomes were estimated by
the Kaplan-Meier product limit method and compared across groups using the log-rank statistic. A
Cox proportional hazards model was fitted to determine the association of survival outcomes with
HER-2 status after adjusting for patient and tumor characteristics.

RESULTS—A total of 111 patients (62%) had HER-2-negative disease and 68 (38%) had
HER-2-positive disease. The median follow-up among all patients was 35 months. At the time of
the analysis, 62 patients (55.9%) with HER-2-negative disease and 42 patients (61.8%) with
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HER-2-positive disease had a recurrence. Thirty-one patients (73.8%) with HER-2-positive
disease who had a disease recurrence went on to receive trastuzumab. On univariate analysis, no
statistically significant difference was observed for either recurrence-free survival (P =.75) or
overall survival (P = .24) between patients who had HER-2-positive disease and those who had
HER-2-negative disease. In a multivariate model, HER-2 status did not appear to significantly
affect recurrence-free survival (hazards ratio [HR] of 0.75; 95% confidence interval [95% Cl],
0.46-1.22 [P = .241]). In the multivariate model, patients with HER-2-positive disease had a
decreased hazard of death (HR of 0.56; 95% Cl, 0.34-0.93 [P = .024]) compared with patients
with HER-2-negative disease.

CONCLUSIONS—HER-2 status, in the absence of trastuzumab, did not appear to significantly
affect recurrence-free survival. After adjusting for other characteristics, the addition of
trastuzumab in the metastatic setting significantly improved survival in the HER-2-positive group
above and beyond that of the HER-2-negative group. This gives us further insight into the biology
of this aggressive disease and underlines the major effect of targeted intervention.
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Inflammatory breast cancer (IBC), a rare, aggressive subset of locally advanced breast
cancer, accounts for approximately 1% to 6% of all breast cancer cases.! The diagnosis of
IBC relies on a set of clinical diagnostic criteria including rapid onset of breast warmth,
edema (peau d’orange), and erythema, often without a palpable mass and with the early
onset of axillary lymph node involvement. Despite such non-specific diagnostic criteria,
which limit our ability to accurately define the true incidence of IBC, an analysis of breast
cancer cases recorded between 1975 and 1992 within the Surveillance, Epidemiology, and
End Results program of the National Cancer Institute has reported an approximate doubling
of cases of IBC (0.3 to 0.7 per 100,000 white women and from 0.6 to 1.1 per 100,000 black
women) compared with the 25% to 27% increase in the incidence of breast cancer in
general.2 Although a multimodality treatment approach involving induction chemotherapy,
surgery, and radiotherapy has clearly improved long-term outcomes of a once uniformly
fatal disease,3~> prognosis is still inferior to that of patients with locally advanced breast
cancer,® with 5-year survival rates ranging from 30% to 50%.1:2

The use of both prognostic factors, which can estimate an individual’s risk of harboring
clinically silent micrometastatic disease, and predictive factors, which estimate the
likelihood of response to therapy, has become an integral part of individualized treatment
that has translated into improved survival outcomes of patients with early-stage breast
cancer.” However, unlike other forms of breast cancer, few molecular markers have been
found to be characteristic of IBC8 and due to the rarity of the disease their prognostic and
predictive value have not been well established. Pathologic characteristics known to be
associated with IBC include high histologic grade; negative hormone receptor status; a high
proliferation rate (eg, elevated MIB-1 expression); and elevated levels of expression of p53,
MUC1, RhoC, E-cadherin, tumor angiogenesis-related factors (eg, vascular endothelial
growth factors), chemokine receptors (eg, CXCR4 and CCR7), epidermal growth factor
receptor (EGFR), and HER-2.8-13
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HER-2 is a protooncogene that is located on 17921 and is overexpressed and/or amplified in
approximately 30% of human breast tumors,1# in which it is associated with increased tumor
aggressiveness, increased rates of disease recurrence, and higher rates of mortality.1516
With the introduction of trastuzumab, a monoclonal antibody that targets the HER-2
receptor, survival outcomes of patients with early and advanced stage HER-2 overexpressed/
amplified tumors has significantly improved, essentially changing the natural history of this
disease.17:18 Although studies have reported an increased incidence of HER-2
overexpression/amplification in patients with IBC, the prognostic significance of HER-2
overexpression/amplification in this cohort has not been clearly defined, and due to the
rarity of this disease the impact of trastuzumab in this cohort is not well known.19 Using a
cohort of patients treated at the University of Texas M. D. Anderson Cancer Center
(MDACC), the purpose of the current study was to define the prognostic impact of HER-2
status on survival outcomes of patients with IBC.

MATERIALS AND METHODS

Patient Population

Using the institutional tumor registry and Breast Medical Oncology database, we sought to
identify patients with nonmetastatic IBC who had been treated at MDACC. IBC was defined
according to clinical diagnostic criteria that included rapidly developing (<3 months) signs
and symptoms of diffuse erythema, peau d’orange, and increasing size of the breast together
with confirmation of invasive carcinoma with or without evidence of extensive dermal
lymphatic invasion on core biopsy specimens. Inclusion criteria included patients with
clinical stage 111 (T4d, any N, MO0) disease (as defined by the sixth edition of the American
Joint Committee on Cancer [AJCC] Staging Manual®®) who had known HER-2 status, were
treated with an anthracycline-based chemotherapy regimen, and had undergone definitive
surgery followed by adjuvant radiotherapy. Patients who received trastuzumab as part of
their primary systemic therapy were excluded. However, patients could have received
trastuzumab as part of treatment for metastatic disease. Other exclusion criteria included
patients who were male, had bilateral disease, and/or stage IV disease. All medical charts
were reviewed to confirm accuracy of variables recorded. This retrospective review was
approved by the Institutional Review Board of the MDACC.

Pathologic Review

Pathologic specimens were reviewed and histologic type and grade were defined according
to the World Health Organization Classification System20 and the modified Black nuclear
grading system,! respectively. Pathologic complete response (pCR) was defined as no
evidence of invasive disease in both the breast and axillary lymph nodes at the time of
definitive surgery. Estrogen receptor (ER) and progesterone receptor (PR) status was
determined by immunohistochemical (IHC) analysis using 4-um sections of paraffin-
embedded tissues stained with monoclonal antibodies 6f11 (Novacastra Laboratories,
Burlingame, Calif) and 1A6 (Novocastra Laboratories) for ER and PR, respectively. A
positive receptor status was defined when nuclear staining was >10% of invasive cancer
cells. For patients diagnosed with IBC before 1993, ER and PR were determined using the
dextran-coated charcoal ligand-binding method. Patients were categorized as having HER-2-
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positive disease if their tumor samples exhibited either gene amplification by fluorescent in
situ hybridization technique (FISH)?2 or overexpression (3+) by IHC (>10% of tumor cells
exhibiting strong membranous staining). HER-2-negative status was assigned to those
patients whose tumor samples either did not exhibit gene amplification by FISH or had no
staining by IHC. Path Vysion HER-2-neu DNA probe kit (Vysis, Downers Grove, Ill) and
monoclonal antibody AB8 (Neomarker/Labvision, Fremont, Calif) were used for HER-2
FISH and IHC analysis, respectively.

Statistical Methods

RESULTS

Patient and tumor characteristics were tabulated. The median follow-up was calculated for
all patients and for those still alive at their last follow-up. Recurrence-free survival (RFS)
was calculated from the date of diagnosis to the date of disease recurrence (defined as either
locoregional or distant recurrence) or last follow-up. Overall survival (OS) was calculated
from the date of diagnosis to the date of death from any cause or last follow-up. The Kaplan-
Meier product limit method was used to estimate survival outcomes, which were compared
between groups using log-rank statistics. Cox proportional hazards models were fitted to
determine the association of HER-2 status with RFS and OS after adjusting for patient and
tumor characteristics. A P < .05 was considered statistically significant. All statistical
analyses were performed using SAS 9.1 statistical software (SAS Institute Inc, Cary, NC).

Patient and Tumor Characteristics

Between June 1989 and April 2005, 179 patients with IBC who fit eligibility criteria were
identified. Table 1 summarizes patient and tumor characteristics by HER-2 status. The
median age of the patients at diagnosis was 51 years (range, 29-78 years), with the dominant
histology being invasive ductal carcinoma (90%). In all, 111 patients (62%) had HER-2-
negative disease and 68 (38%) had HER-2-positive disease. ER and PR status were negative
in 111 patients (62%) and 124 patients (69%), respectively. The majority of patients (90%)
had clinical lymph node-positive disease. All patients received anthracycline-based primary
systemic chemotherapy and 140 (78.2%) received taxanes. All patients underwent a
modified radical mastectomy followed by comprehensive local radiotherapy to the chest
wall and lymph node basins. Patients with ER-positive and/or PR-positive disease received
adjuvant hormonal therapy. Twenty-three patients (13%) achieved a pCR. Detailed
information regarding therapy has been previously reported.23

Survival Outcomes

At the time of the analyses, 104 patients (58%) had experienced a disease recurrence and 78
patients (44%) had died. The median follow-up among patients who were still alive at the
time of the analysis was 41 months (range, 3—-198 months). For the entire cohort, the median
RFS and OS were 24.5 months and 60.6 months, respectively. At the time of the analysis, 62
patients (55.9%) with HER-2-negative disease and 42 patients (61.8%) with HER-2-positive
disease had a disease recurrence. Thirty-one patients (73.8%) with HER-2-positive disease
who developed a disease recurrence went on to receive trastuzumab. The 5-year RFS and
OS estimates are summarized in Table 2. For the entire cohort studied, the 5-year RFS and
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OS rates were 37.8% (95% confidence interval [95% Cl], 29.9%-45.7%) and 53.1% (95%
Cl, 44.0%-61.3%), respectively. On univariate analysis, HER-2 status was not found to be
significantly associated with RFS (P =.75) or OS (P = .24) (Fig. 1). The survival curves in
Figure 1A illustrate the similarity in RFS among patients with HER-2-positive and HER-2-
negative disease. Factors found to be statistically significant for improved RFS and OS
included ER-positive disease, lower nuclear grade, and attaining a pCR.

Table 3 shows the results of the multivariate models for RFS and OS. The models were
adjusted for age, grade, hormone receptor status, lymph node status, pCR, HER-2 status, and
lymphovascular invasion. These terms were included in the models due to their clinical
significance regardless of their statistical significance. After adjusting for these variables,
HER-2 status was not found to significantly affect RFS (hazards ratio [HR] 0f0.75; 95% ClI,
0.46-1.22 [P = .241]). In the model for OS, patients with HER-2-positive disease had a
statistically significant decreased hazard of death (HR of 0.56; 95% Cl, 0.34-0.93 [P =.
024]) compared with patients with HER-2-negative disease. In the multivariate model, ER-
positive disease and pCR were found to be independently associated with improved RFS and
OsS.

DISCUSSION

The majority of studies of IBC are hampered because of the rarity of the disease, resulting in
small numbers of patients included and the reliance on non-specific clinical diagnostic
criteria to identify cases retrospectively. In the current study, we report results on a large
cohort of patients with IBC who were identified prospectively based on consistent
diagnostic institutional criteria to define the prognostic value of HER-2 status within this
cohort. Interestingly, in the absence of trastuzumab, no statistically significant difference in
RFS was observed between patients with HER-2-positive disease compared with those with
HER-2-negative disease. However, after adjusting for other patient and tumor
characteristics, OS significantly favored patients with HER-2-positive disease, the majority
of whom had received trastuzumab upon experiencing disease recurrence. In addition,
variables such as ER-positive disease and attaining a pCR, factors known to have a
favorable prognostic impact in other types of breast cancer, were associated with improved
RFS and OS within the cohort studied.

To our knowledge, Slamon et al.1* first reported, in a cohort of 189 women with primary
breast cancers, the implications of the presence of HER-2 amplification, correlating it with
shorter RFS and OS when compared with tumors that did not exhibit HER-2 amplification.
The prognostic power of HER-2 amplification not only retained its significance after
adjusting for other known prognostic factors, it was also found to have superior prognostic
power to factors such as hormone receptor status and the presence of lymph node
involvement. The introduction of a novel monoclonal antibody, trastuzumab, that targeted
the HER-2 receptor, essentially changed the natural history of breast tumors that exhibited
over-expression and/or amplification of HER-2, significantly improving survival outcomes
in both patients with early-stage and advanced disease.1”-18 Unfortunately, the majority of
studies have been unable to define the prognostic significance of HER-2 status in patients
with IBC, despite the finding that HER-2 amplification is common in this disease. In a small
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cohort of 46 women with IBC, Sawaki et al.2* concluded that HER-2 status was not a
significant prognostic factor within this cohort. We believe the results of the current study
give us unique insight into the biology of IBC tumors, in that the patients enrolled who had
HER-2-positive disease did not receive trastuzumab as part of their primary systemic
treatment; however, the majority of the same subset received trastuzumab when they
developed disease recurrence, allowing us the opportunity to evaluate the impact of
trastuzumab onOS as well. Although the absolute difference in RFS between patients with
HER-2-positive and HER-2-negative disease was 2.3% at 5 years and tended to favor the
latter group, it did not reach statistical significance (P = .750). This is further illustrated in
the Kaplan-Meier curves for RFS, in which visually no difference was observed between the
2 cohorts and in the multivariate model when, after adjusting for patient and tumor
characteristics, HER-2 status did not significantly affect RFS (although we acknowledge
that we only had 28% power to detect a significant difference). One hypothesis to explain
this may be that other molecular factors of IBC have a superior prognostic power,
superseding that of HER-2 status within this cohort. Indeed, factors such as increased
expression of EGFR and p53 and loss of p27 have been shown to be significantly associated
with worse outcomes in patients with IBC.13:11 Another possible explanation is that HER-2-
positive tumors often coexpress topoisomerase 11, the target of anthracyclines.2> Because all
patients received an anthracycline-containing regimen, this regimen might have been more
effective in HER-2-positive tumors than in HER-2-negative tumors and in that manner
might have eliminated the impact of HER-2 status in determining RFS. It is interesting to
note that, in the multivariate model, after adjusting for patient and tumor characteristics, we
demonstrated that patients with HER-2-positive tumors had significantly better OS
compared with patients with HER-2-negative disease (HR of 0.56; 95% CI, 0.34-0.93 [P =.
024]), indicating the positive effect of the trastuzumab administered in the metastatic setting.
These results are important because they demonstrate that the benefit of trastuzumab also
extends to patients with IBC. The results also indicate the significant affect of trastuzumab
on the natural history of the disease, essentially reversing the prognostic roles of HER-2-
positive and HER-2-negative disease.

Attaining a pCR has been shown in several studies to correlate with improved long-term
outcome,26-28 believed to be secondary to the eradication of distant micrometastatic residual
invasive disease. In a cohort of 178 patients with IBC who were diagnosed between 1973
and 1993 and treated with a doxorubicin-based primary systemic chemotherapy regimen at
the MDACC, Ueno et al.> demonstrated that disease-free survival at 15 years was 44% for
those who achieved a CR, 31% for those who achieved a partial response, and 7% for those
who did not respond to primary systemic chemotherapy. The results of the current study
demonstrate this phenomenon to be true, with absolute increases at 5 years of 37.3% and
50.4% observed for RFS and OS, respectively, when a pCR was attained. Thus, it can be
hypothesized that novel therapeutic approaches geared toward increasing pCR rates within
this cohort would serve to subsequently improve survival outcomes. Buzdar et al.2°
demonstrated that the addition of trastuzumab to an anthracycline/taxane-based primary
systemic chemotherapy regimen increased pCR rates to approximately 60% in patients with
HER-2-positive disease. Although all patients in that study had operable disease, the
trastuzumab-containing regimen used may be a reasonable approach to be studied in
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prospective clinical trials evaluating IBC patients. Cristofanilli et al.30 recently evaluated the
role of lapatinib, a tyrosine kinase inhibitor that reversibly inhibits both HER-2 and
EGFR-1, in combination with paclitaxel in a cohort of patients with HER-2-overexpressing
IBC and demonstrated that 95% of patients achieved a clinical response. These results will
now be prospectively evaluated in a phase 3 clinical trial.

In conclusion, the results of the current study provide insight into the prognostic significance
of HER-2 status and evaluate its predictive power with regard to trastuzumab treatment in a
cohort of patients with IBC, providing valuable information into the biology of this very
aggressive disease. However, we do acknowledge that although it may be one of the largest
studies conducted in IBC patients, the current study is still small and largely underpowered
to detect moderate differences in outcome with statistical significance. Although a
multimodality approach to the treatment of IBC has certainly improved outcomes, the 5-year
RFS and OS rates in our cohort were only 37.8% and 53.1%, respectively, well below those
of other forms of breast cancer. The finding that our results demonstrated no difference in
RFS between HER-2-positive and HER-2-negative groups in the absence of trastuzumab,
but indicated a significant difference when trastuzumab was added after disease recurrence,
underlines the major effect of this targeted intervention. It is thus clear that more specific
prognostic and predictive markers, with the subsequent development of novel therapeutic
regimens, are needed to individualize treatment and thus improve survival outcomes.
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FIGURE 1.
Kaplan-Meier plots for (A) recurrence-free and (B) overall survival by HER-2 status. On

univariate analysis, no significant difference was noted for recurrence-free survival (A).
Univariate analysis revealed a non-significant trend in improved survival in patients with
HER-2-positive disease compared with those with HER-2-negative disease.

Cancer. Author manuscript; available in PMC 2015 May 19.



1duasnuen Joyiny

1duosnuen Joyiny

Dawood et al. Page 11

TABLE 1
Patient and Tumor Characteristics by HER-2 Status

All patients HER-2 negative = HER-2 positive

No. No. No.

No. 179 Percent 111 Percent 68 Percent P

Age at diagnosis, y

Minimum 27 29 27

Median 51 51 48.5

Maximum 78 75 78 .3796
Histology

Other 17 10% 12 11% 5 8%

Ductal 155  90% 97 89% 58 92% 515
Grade

1/2 35 20% 25 23% 10 15%

3 137 80% 82 T71% 55 85% .208
ER status

Negative 111 62% 65 59% 46 68%

Positive 67 38% 45 41% 22 32% .252
PR status

Negative 124 70% 70 64% 54 79%

Positive 53 30% 39 36% 14 21% .032

Lymphovascular invasion
Negative 34 2% 23 23% 11 20%
Positive 122 78% 77 7% 45 80% 626

Lymph node classification

NO 17 10% 11 10% 6 9%

N1-3 159  90% 99 90% 66 91% .840
Pathologic CR

No 154  87% 97 88% 57 85%

Yes 23 13% 13 12% 10 15% 551

ER indicates estrogen receptor, PR, progesterone receptor, CR, complete response.
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TABLE 2
5-Year Recurrence-free and Overall Survival Estimates

Recurrence-free survival Overall survival

No. of events  5-year survival 95% ClI P No. of events  5-year survival 95% ClI P

All 104 37.8%

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Age at diagnosis, y

(29.9-45.7%) 78 53.1%

(44.0-61.3%)

<50 55 31.2% (20.7-42.2%) 38 52.6% (39.4-64.2%)

250 49 44.2% (32.7-55.0%) .035 40 53.4% (40.7-64.6%) .433
Lymph node classification

NO 12 46.3% (22.1-67.6%) 7 59.8% (31.0-79.8%)
N1-3 89 37.6% (29.2-46.1%) 934 68 53.9% (44.3-62.6%) .337
Histology

Other 9 47.1% (23.0-68.0%) 4 71.4% (38.7-88.7%)
Ductal 90 36.9% (28.4-45.4%) .488 70 52.3% (42.6-61.1%) .148
Grade

1/2 18 51.5% (32.2-67.7%) 11 71.5% (50.4-84.9%)

3 81 33.9% (25.1-42.9%) .047 64 48.6% (38.2-58.1%) .030
ER status

Negative 71 29.9% (20.6-39.7%) 56 44.1% (33.1-54.6%)
Positive 33 49.6% (35.5-62.1%) .004 22 66.1% (50.1-78.1%) .002
PR status

Negative 78 32.5% (23.4-41.9%) 58 49.0% (38.2-58.9%)
Positive 25 49.2% (33.6-63.1%) .009 20 60.4% (42.8-74.1%) .065
HER-2 status

Negative 62 38.8% (28.7-48.8%) 50 49.8% (38.0-60.6%)
Positive 42 36.5% (24.0-49.0%) .750 28 57.8% (43.4-69.8%) .245
Lymphovascular invasion

Negative 14 44.5% (21.8-5.1%) 10 68.2% (47.2-82.3%)
Positive 74 36.7% (27.4-46.1%) .400 56 51.0% (40.1-60.9%) .976
Pathologic CR

No 97 31.7% (23.4-40.2%) 75 45.1% (35.3-54.4%)

Yes 7 69.0% (43.2-84.9%) .003 3 95.5% (71.9-99.3%) .001

95% ClI indicates 95% confidence interval; ER, estrogen receptor, PR, progesterone receptor, CR, complete response.
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TABLE 3

Hazards Lower Upper
ratio 95% Cl  95%Cl P
Recurrence-free survival
Age (continuous) 0.96 0.93 0.98 <.0001
HER-2 status (positive vs negative) 0.75 0.46 1.22 241
ER status (positive vs negative) 0.51 0.29 0.90 .020
PR status (positive vs negative) 0.70 0.40 1.25 227
Lymphovascular invasion (yes vs no) 1.03 0.56 1.88 .938
Grade (3 vs 1/2) 0.92 0.49 171 787
Lymph node classification (N1-3 vs NO) ~ 1.12 0.54 2.32 755
Pathologic CR (yes vs no) 0.30 0.11 0.83 .020
Overall survival

Age (continuous) 0.95 0.93 0.98 .0002
HER-2 status (positive vs negative) 0.56 0.34 0.93 .024
ER status (positive vs negative) 0.51 0.29 0.88 .016
PR status (positive vs negative) 0.72 0.41 1.25 .243
Lymphovascular invasion (yes vs no) 0.59 0.31 1.10 .099
Grade (3 vs 1/2) 1.00 0.54 1.87 .992
Lymph node classification (N1-3 vs NO) ~ 1.49 0.72 3.08 .282
Pathologic CR (yes vs no) 0.34 0.12 0.95 .039

95% Cl indicates 95% confidence interval; ER, estrogen receptor, PR, progesterone receptor, CR, complete response.
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