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Abstract
Inflammatory breast cancer (IBC) is a rare type of breast cancer that is associated with poor 
outcomes compared with non-IBC. Overexpression of HER2 is enriched in IBC, and those with 
HER2-positive disease have a relatively favorable prognosis, with improved survival over the 
last two decades driven by the advent of novel targeted therapies. Here, we present two pa-
tients who have survived for over 10 years after being diagnosed with de novo metastatic 
HER2-positive IBC. We review the data for the treatments available for metastatic HER2-pos-
itive IBC and the evolving treatment recommendations for this disease.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Inflammatory breast cancer (IBC) is a rare type of breast cancer that comprises 2–4% of 
all breast cancer cases in the USA [1]. It is diagnosed by its clinical presentation of erythema, 
edema, and peau d’orange involving more than one-third of the breast, as well as a rapid onset 
of symptoms (<6 months) [1]. Imaging findings of skin thickening and abnormal parenchymal 
enhancement may support the diagnosis, and pathologically, skin biopsies may show invasion 
of tumor emboli into the dermal-lymphatic system [1]. IBC tends to affect younger women 
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and has worse clinical outcomes compared with non-IBC, with a median survival of 4.8 years 
for stage III and 2.3 years for stage IV disease [1]. In addition, among patients diagnosed with 
IBC, there is a higher incidence of de novo metastatic disease compared with those with 
non-IBC (about 20% vs. 4%) [2]. Thus, IBC leads to a disproportionate number of breast 
cancer-related deaths despite its low incidence.

Like all breast cancers, IBC is classified according to its estrogen receptor (ER), proges-
terone receptor (PR), and human epidermal growth factor receptor 2 (HER2) status. Amongst 
IBC tumors, there is a high prevalence of HER2 positivity, approximately 35% compared to 
20% in non-IBC [2–4]. Interestingly, the HER2-positive subtype is associated with a more 
favorable prognosis compared with other subtypes of IBC [2, 3]. Among patients with stage 
IV IBC, those with HER2-positive disease have a 5-year overall survival (OS) ranging from 
30% to 45% depending upon the hormone receptor (HR), i.e., ER and PR status, compared 
with 35% and 15% in HR-positive, HER2-negative and triple-negative (ER/PR and HER2-
negative) IBC, respectively [4]. Furthermore, unlike in non-IBC, HR positivity does not seem 
to confer an additional survival benefit amongst those with HER2-positive IBC [3, 4].

These relatively favorable outcomes in HER2-positive metastatic IBC are attributed to 
the success of targeting HER2 as a therapeutic approach, as well as the number of new anti-
HER2-targeting agents that have become available over the past decade. Here, we present 
two patients with HER2-positive IBC with visceral metastases present at the time of diagnosis 
who have survived for over 10 years. While both have had a remarkably long course, one case 
demonstrates the cumulative benefit that is possible with our growing number of treatment 
options, while the second illustrates the extent of the response that patients can have from a 
single agent.

Case Reports

Patient 1
A 61-year-old woman presented in 2007 with 2–3 weeks of left breast swelling and 

tenderness and on exam was found to have an enlarged left breast with thickened skin, mild 
erythema, and edema throughout, as well as palpable left axillary lymph nodes. A core biopsy 
of the left breast showed invasive ductal carcinoma which was ER-low positive (2%), 
PR-negative, and HER2-positive (IHC 3+; FISH ratio, 7.1). On staging studies, she was found 
to have enlarged ipsilateral axillary and supraclavicular lymph nodes, as well as a 1.3-cm 
mass in liver segment V (Fig. 1a). This was biopsied and revealed carcinoma staining positive 
for HER2 and negative for ER, consistent with metastatic HER2-positive IBC. Her initial 
treatment consisted of 12 weeks of paclitaxel and trastuzumab, with a partial response in all 
lesions, followed by maintenance trastuzumab. Restaging imaging performed after 1 year 
of trastuzumab monotherapy demonstrated a complete response in her liver metastasis 
(Fig. 1b).

After 3.5 years of single-agent trastuzumab and continued complete clinical response of 
her systemic disease, the decision was made to pursue locoregional treatment with a modified 
radical mastectomy. The mastectomy contained a 0.5-cm focus of residual invasive ductal 
carcinoma which was HER2-positive and HR-negative and 0 of 13 left axillary lymph nodes 
involved with disease. Following surgery, she continued on maintenance trastuzumab.

After 2 additional years on single-agent trastuzumab, the patient’s disease metastasized 
to the lungs, which was confirmed by video-assisted thorascopic surgery to be HER2-positive 
(FISH ratio, 4.0) metastatic IBC. Her clinical course over the next 4 years consisted of six addi-
tional lines of combination chemotherapy with anti-HER2 therapy, including the anti-HER2 
antibody drug conjugate (ADC) trastuzumab emtansine (T-DM1). The patient eventually 
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enrolled in a phase II clinical trial of trastuzumab deruxtecan (DS-8201, NCT03248492, 
Daiichi Sankyo/AstraZeneca), resulting in a complete response in her pulmonary lesions 
(Fig.  1c, d). Unfortunately, after responding for more than 1.5 years on this therapy, the 
patient succumbed to drug-induced pneumonitis, rather than metastatic IBC. Her OS from 
date of diagnosis was 12 years and 3 months.

Patient 2
A 42-year-old woman presented in 2010 with 2–3 days of worsening edema, tenderness, 

and erythema of her left breast. On exam, she had an enlarged left breast with a peau d’orange 
appearance, mild erythema over the lower half, nipple retraction, and palpable left axillary 
lymph nodes. A core needle biopsy of the left breast and fine needle aspiration of an axillary 
lymph node revealed invasive ductal carcinoma which was HR-negative and HER2-positive 
(FISH ratio, 8.3). Staging scans demonstrated numerous subcentimeter pulmonary nodules 
(Fig. 2a), which were confirmed to be HER2-positive (IHC 3+) metastatic breast cancer via a 
video-assisted thorascopic surgery procedure.

The patient initiated treatment on paclitaxel and trastuzumab and then switched to 
docetaxel, carboplatin, and trastuzumab. Following 6 cycles (18 weeks) of treatment, restaging 
studies demonstrated a complete response of her systemic disease (Fig. 2b) but persistent 

Fig. 1. Complete response of metastatic disease in patient 1. a A 1.3-cm mass in the liver at the time of diag-
nosis (arrowhead). b Complete resolution of the lesion after neoadjuvant therapy with 12 weeks of pacli-
taxel and trastuzumab, followed by 1 year of trastuzumab monotherapy. c Left lower lobe mass (*) that pro-
gressed on multiple lines of therapy, prior to initiating trastuzumab deruxtecan. d Complete response in the 
lung after 1 year of trastuzumab deruxtecan.
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skin thickening of the left breast (Fig. 2c, d). Because of the concern for residual disease, the 
patient underwent locoregional therapy with radiation to the breast (5,000 cGy) and regional 
lymph nodes (4,600 cGy), while continuing to receive trastuzumab monotherapy. After 
completing radiation and 2 months of maintenance trastuzumab, she had sufficient local 
disease response to proceed to a left modified radical mastectomy. The pathology showed a 
pathologic complete response, i.e., no residual invasive carcinoma in the resected breast or in 
11 axillary lymph nodes. At the time of this publication, she remains on trastuzumab with no 
evidence of disease, 10 years and 10 months out from her initial diagnosis.

Discussion

The treatment of HER2-positive breast cancer has changed dramatically in the last 20 
years with the advent of anti-HER2-targeted therapies. Trastuzumab, the first humanized 
monoclonal antibody against the extracellular domain of HER2, was FDA-approved in the 
USA in 1998, following the pivotal trial demonstrating an OS advantage among those receiving 
combination chemotherapy with trastuzumab [5]. Trastuzumab’s marked efficacy in HER2-
positive IBC was demonstrated in the phase III NOAH trial, which included the largest number 

a b

c d

Fig. 2. Response to neoadjuvant systemic therapy in patient 2. a Multiple subcentimeter pulmonary nodules 
at the time of diagnosis (arrowheads). b Complete response of the lung disease after neoadjuvant therapy 
with 6 cycles of docetaxel, carboplatin, and trastuzumab. c Initial breast MRI with a larger left breast with an 
abnormal enhancing mass (arrowhead) and diffuse skin thickening. d Resolution of the mass after neoadju-
vant chemotherapy but persistent skin thickening.
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of IBC patients in any HER2-directed therapy trial [6]. This study found that the addition of 
trastuzumab to neoadjuvant chemotherapy in newly diagnosed patients increased the OS 
from 44% to 74% at 5 years in the inflammatory subgroup [6]. Thus, trastuzumab is recom-
mended for all patients diagnosed with HER2-positive IBC, though notably the NOAH trial did 
not include any patients with metastatic disease.

A second humanized monoclonal antibody, pertuzumab (Genentech), was later developed, 
which also binds to the extracellular domain of HER2 but to a different domain than trastu-
zumab. Pertuzumab was approved in 2012 for metastatic HER2-positive breast cancer, based 
on the results of the CLEOPATRA trial [7]. This study showed that the addition of pertuzumab 
to trastuzumab and docetaxel increased the median OS of patients with metastatic breast 
cancer from 40.8 to 56.5 months (hazard ratio [HR], 0.68; 95% confidence interval [CI]: 0.56–
0.84; p < 0.001) [7]. Although this study did not specifically evaluate participants with IBC, 
this regimen is nevertheless recommended as the first-line therapy for metastatic HER2-
positive IBC.

More recently, monoclonal antibodies linked to a chemotherapy payload, known as ADCs, 
have gained much attention for their potency and efficacy, particularly in the treatment of 
HER2-positive breast cancer. Trastuzumab emtansine (Genentech), also known as T-DM1, 
was FDA-approved in 2013 as the first drug of this class for HER2-positive metastatic breast 
cancer. In the phase III EMILIA trial, trastuzumab emtansine was shown to increase OS in 
patients with advanced HER2-positive disease previously treated with trastuzumab and a 
taxane from 25.1 to 30.9 months (HR, 0.68; 95% CI: 0.55–0.85; p < 0.001) compared to lapa-
tinib and capecitabine [8]. Furthermore, the phase III TH3RESA trial found that trastuzumab 
emtansine also prolonged OS in patients previously treated with trastuzumab, lapatinib, and 
a taxane to 22.7 months, compared to 15.8 months with physician’s choice of treatment (HR, 
0.68; 95% CI: 0.54–0.85; p = 0.0007) [9]. Thus, trastuzumab emtansine is now often preferred 
as a second-line therapy for metastatic HER2-positive breast cancer.

In late 2019, a second ADC, trastuzumab deruxtecan (Daiichi Sankyo/AstraZeneca), was 
granted accelerated approval for the treatment of metastatic HER2-positive breast cancer 
that has progressed after receiving other anti-HER2 therapies. This was based on the results 
of the phase II DESTINY-Breast01 trial, which demonstrated a 60.9% overall response rate 
(ORR) in patients previously treated with trastuzumab emtansine [10]. Notably, response 
rates were equivalent in those who had received trastuzumab emtansine immediately prior 
to receiving trastuzumab deruxtecan, despite the fact that the two drugs use identical anti-
bodies [10]. The comparable efficacy in these patients is attributed to the drug’s novel and 
more potent chemotherapeutic agent, deruxtecan, as well as the increased payload to antibody 
ratio and release of the drug to neighboring cells, i.e., the bystander effect [10].

Another method of targeting HER2 is through the use of oral small molecule inhibitors. 
Lapatinib (GlaxoSmithKline), a tyrosine kinase inhibitor that inhibits both HER2 and EGFR, 
was FDA-approved in 2007 in combination with capecitabine as a second-line therapy for 
metastatic HER2-positive breast cancer, after a phase III trial demonstrated a 4-month increase 
in progression-free survival (PFS) compared with capecitabine alone [11]. Furthermore, a 
phase II IBC-specific study found that lapatinib monotherapy had a 39% ORR and led to a 
14.6-week median PFS in patients previously treated with anthracycline, taxane, and trastu-
zumab, though this trial included both those with stage III and IV disease [12]. However, nera-
tinib (Puma Biotechnology), an irreversible pan-HER tyrosine kinase inhibitor, has since been 
shown to have superior efficacy compared with lapatinib. In the phase III NALA trial, nera-
tinib significantly improved mean PFS compared to lapatinib, from 6.6 to 8.8 months (HR, 
0.76; 95% CI: 0.63–0.93; p = 0.0059), when combined with capecitabine among patients with 
metastatic breast cancer previously treated with at least 2 anti-HER2 therapies [13]. More 
recently, tucatinib (Seagen) was FDA-approved in 2020 in combination with capecitabine and 
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trastuzumab as another option for later-line anti-HER2 therapy, based on the results of the 
phase II HER2CLIMB trial [14]. This study showed improved median OS from 17.4 to 21.9 
months (HR, 0.66; 95% CI: 0.50–0.88; p = 0.005) among patients previously treated with 
trastuzumab, pertuzumab, and trastuzumab emtansine [14]. Tucatinib is also highly selective 
for HER2 with minimal inhibition of EGFR, compared with lapatinib and neratinib, thus 
improving its toxicity profile [14].

The newest systemic treatment for metastatic HER2-positive breast cancer, margetuximab 
(MacroGenics), was approved in December 2020. Margetuximab is a chimeric Fc-engineered 
immune-activating antibody against HER2 that targets the same epitope as trastuzumab. Its 
approval was based on the results of the phase III SOPHIA trial, which showed an improvement 
in median PFS from 4.9 to 5.8 months (HR, 0.76; 95% CI: 0.59–0.98; p = 0.03) in patients with 
advanced HER2-positive breast cancer treated with at least 2 prior anti-HER2 therapies [15]. 
Although the benefit of margetuximab appears to be minimal, the rationale behind its design is 
interesting, as its Fc region was engineered to increase its affinity for activating over inhibitory 
Fcγ receptors, in order to modulate the immune response [15]. Such immunomodulatory agents 
may prove to have a unique role in IBC, which has been found to have fewer activated T cells 
and antigen-presenting cells, along with increased levels of PD-L1 expression and numbers of 
immunosuppressive tumor-associated macrophages, compared with non-IBC [1].

While these expanding treatment options (Table  1) have led to exceptional improve-
ments in outcomes, the major limitation of our current approach to metastatic HER2-positive 
IBC is that treatment recommendations are based on studies with predominantly non-IBC 
cohorts. Due to the rarity of IBC and thus the difficulty in recruiting these patients, there is 
limited evidence to validate the efficacy of these anti-HER2 therapies in IBC. NOAH was one 
of the few pivotal trials to recruit enough IBC patients for a subgroup analysis [6], but still, 
this study did not include those with metastatic disease. More trials specifically for IBC will 
be needed, in order to improve our understanding of the differences between IBC and non-IBC 
and to identify optimal treatment strategies for IBC.

Several questions remain to be answered regarding the optimal treatment strategy for 
HER2-positive IBC in the metastatic setting. Although it has been shown that patients with 
stage III IBC have improved OS with trimodal therapy, i.e., preoperative chemotherapy, 
surgery, and radiation, the benefit of locoregional therapy with surgery and radiation for 
stage IV IBC remains uncertain [4]. As illustrated by our two cases, patients with metastatic 
IBC can achieve an excellent response with initial systemic therapy, followed by a long period 
without disease progression or with stable disease on trastuzumab alone. It remains to be 
seen whether those patients experiencing a prolonged remission can be considered cured 
and whether there is a subset in whom maintenance trastuzumab, with or without pertu-
zumab, can be discontinued. Further study will also be needed to determine the optimal 
sequence of the newer regimens, as well as the integration of chemotherapy with HER2-
targeting agents.

While the efficacy of systemic anti-HER2 therapies is improving, achieving adequate 
control of central nervous system (CNS) metastases still poses a significant challenge. Among 
patients diagnosed with metastatic HER2-positive IBC, the rate of early CNS metastasis is very 
high, with cumulative incidences of 17% and 34% at 1 and 2 years, respectively [16]. Though 
patients with treated or stable CNS lesions are often allowed to enroll in clinical trials, the 
numbers are usually too small to assess the intracranial efficacy of these systemic therapies. 
An important exception is the HER2CLIMB trial, which included 291 patients with stable, 
progressing, or untreated brain metastases due to HER2-positive breast cancer [17]. The 
results showed that the addition of tucatinib to capecitabine and trastuzmab among these 
patients improved OS by 6.1 months compared with capecitabine and trastuzumab alone (HR, 
0.58; 95% CI: 0.40–0.85; p = 0.005) [17]. Thus, systemic therapy with tucatinib, trastuzumab, 
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and capecitabine may offer a benefit for IBC patients with CNS disease, although more drugs 
with better blood-brain barrier penetration are undoubtedly needed.

Conclusion

A growing number of options for effective systemic therapy are now available for patients 
with stage IV HER2-positive IBC, which has contributed to a significant prolongation in OS. 
The success of these drugs attests to the power of developing novel approaches to target 
HER2. Nevertheless, stage for stage, the prognosis is still worse among patients with IBC 
compared with non-IBC, regardless of the receptor subtype. Numerous agents are in devel-
opment, including novel small molecule inhibitors, ADCs, and immunotherapy, which will 
likely lead to further advancements in the treatment for HER2-positive IBC and continue to 
translate into prolonged survival among those with de novo metastatic disease. The major 
challenge will be designing and recruiting for trials specifically for IBC, which will be critical 
to understanding the unique characteristics of this disease, optimizing treatment strategies, 
and improving clinical outcomes.
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