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Introduction

Inflammatory breast cancer (IBC) is rare and is one of the 
most aggressive forms of breast cancer, with high rates of 
loco-regional and distant recurrence and mortality rates, 
despite advances in clinical treatment in recent decades. 
Due to the rarity of IBC and lack of prospective data, most 

of the systemic treatment recommendations are extrapolated 
from patients with locally advanced non-IBC and is tailored 
according to molecular subtype. Although IBC can be 
of any subtype, a higher prevalence of human epidermal 
growth factor receptor 2 (HER2) gene amplification or 
overexpression (HER2+) is found in IBC patients (40%) 
than in non-IBC patients (20%) (1,2).
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The standard of care for HER2+ IBC is a combined 
multimodality approach, that includes neoadjuvant therapy 
with dual anti-HER2 antibodies and anthracycline-
based chemotherapy with AC-THP (doxorubicin and 
cyclophosphamide, followed by paclitaxel or docetaxel 
with trastuzumab and pertuzumab) or non-anthracycline 
based chemotherapy with TCHP (docetaxel or paclitaxel, 
carboplatin, trastuzumab, and pertuzumab), followed by 
surgery, radiotherapy, and adjuvant systemic therapy (3-8).  
Although the optimal neoadjuvant chemotherapy 
backbone with dual HER2 blockade for IBC patients is not 
well-established, regimens that omit anthracyclines, such 
as TCHP, have been used progressively more often on the 
basis of similar pathological complete response (pCR) and 
event-free survival rates; these regimens are associated 
with lower rates of cardiac toxicity and a lower risk of 
developing acute myeloid leukemia and myelodysplastic 
syndrome (5,7-9).

Adjuvant systemic targeted therapy is defined on the 
basis of pathological response and hormone receptor (HR) 
status. A pCR, defined as the absence of residual invasive 
disease in the breast and lymph nodes (ypT0/Tis ypN0), 
is an early surrogate for long-term survival outcomes, 
principally in patients with high-proliferating tumors, 
such as in HER2+ breast cancer (10). Despite significant 
advances in neoadjuvant therapy for HER2+ breast cancer, 
around 40–55% of patients will not achieve a pCR. These 
patients are at substantial risk of distant relapse and death 
(11,12). Therefore, new therapeutic strategies are clearly 
needed. 

This review will focus on the current evidence for adjuvant 
therapy of HER+ IBC with residual disease and future 
perspectives to improve patients’ prognosis in this high-risk 
of recurrence setting. We present the following article in 
accordance with the Narrative Review reporting checklist 
(available at https://dx.doi.org/10.21037/cco-21-122).

Methods

A literature review was conducted through Medline/
PubMed database and conference abstracts from American 
Society of Clinical Oncology, European Society for Medical 
Oncology, and San Antonio Breast Cancer Symposium. 
Only studies published in English between 2000 and 
November 2021 were included. The ClinicalTrials.gov 
database was also searched in November 2021 to identify 
ongoing clinical trials with inclusion of HER+ breast cancer 
patients with residual disease at surgery after neoadjuvant 

chemotherapy and HER2-directed therapy.

Discussion

Adjuvant therapy for HER+ IBC patients with residual 
disease 

Ado-trastuzumab emtansine (T-DM1) is an antibody-drug 
conjugate with trastuzumab that is linked to derivative 
of maytansine 1 (DM1), a cytotoxic agent with potent 
inhibitory activity on microtubule polymerization. EMILIA 
was a pivotal phase III trial, that led to the approval of 
T-DM1 for patients with HER2+ advanced breast cancer, 
who had been previously treated with trastuzumab and 
taxane. T-DM1 resulted in superior progression-free 
survival (PFS) and overall survival (OS) duration compared 
to lapatinib plus capecitabine, even with 27% crossover 
from control to T-DM1 (13). The TH3RESA trial 
reaffirmed the role of T-DM1 in patients with metastatic 
disease, demonstrating a benefit of T-DM1 versus 
physician’s choice treatment after disease progression on 
two or more HER2-targeted therapies (14). 

Patients with HER2+ early breast cancer who do not 
achieve a pCR after neoadjuvant systemic therapy have 
a high risk of recurrence and death; this, along with 
the results of T-DM1 in trastuzumab-resistant HER2+ 
metastatic breast cancer, were the rationale for launch the 
KATHERINE trial, a phase III trial of 1,486 patients with 
HER2+ early breast cancer (77 with IBC), with breast or 
lymph node-invasive residual disease after neoadjuvant 
therapy with chemotherapy and HER2-targeted therapy. 
The majority of patients received anthracycline-based 
chemotherapy (76.9%). All patients received taxane and 
HER2-targeted therapy with trastuzumab. However, only 
19.5% of patients received a second anti-HER2 therapy in 
addition to trastuzumab. Patients were randomly assigned 
to receive adjuvant therapy with T-DM1 or trastuzumab for 
14 cycles (15).

Adjuvant T-DM1 was superior to trastuzumab, resulting 
in a 50% reduction in the risk of recurrence of invasive 
disease or death in 3 years (12.2% versus 22.2%; 95% 
CI: 0.39–0.64; P<0.001). The benefit of T-DM1 over 
trastuzumab was relatively uniform across all subgroups, 
including in patients with minimal residual disease (ypT1a, 
ypT1mic, and N0) and regardless of the type of neoadjuvant 
chemotherapy, anthracycline or non-anthracycline-based 
(15,16). Therefore, the KATHERINE trial established 
T-DM1 as the standard adjuvant therapy for patients with 
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invasive residual disease at the time of surgery. Longer 
term follow-up data are required to evaluate the effect of 
adjuvant T-DM1 on OS duration. In general, T-DM1 was 
reasonably well tolerated, with minimal impact on patient‐
reported quality of life. Nonetheless, as expected, T-DM1 
had a higher toxicity rate than did trastuzumab, with a more 
pronounced incidence of thrombocytopenia (28.5% versus 
2.4%), particularly in patients who had previously received 
platinum therapy; peripheral neuropathy (32.3% versus 
16.9%), mainly in patients with baseline neuropathy; and 
pulmonary toxicity (3.4% versus 1.0%) (16,17).

Conversion from HER2+ disease to HER2- disease in 
surgical specimens was evaluated in the KATHERINE trial. 
Changes occurred in 8.3% of the tested patients (n=70). 
Interestingly, no invasive disease-free survival (iDFS) events 
were found among patients who were randomly assigned 
to T-DM1 (n=28), in contrast to 11 events in patients who 
were randomly assigned to trastuzumab (18). Although the 
sample size was small, the results of this exploratory analysis 
suggest that loss of HER2 expression after neoadjuvant 
therapy should not affect the indication for adjuvant 
T-DM1.

In summary, the impressive iDFS improvement from the 
KATHERINE trial with adjuvant T-DM1 in the high-risk 
population with invasive residual disease after neoadjuvant 
treatment, including IBC, highlights the need of the 
optimal adjuvant systemic therapy in the multimodality 
treatment of HER2+ non-metastatic IBC patients.

Extended adjuvant therapy for HER+ IBC patients

Neratinib, an irreversible pan-HER tyrosine kinase inhibitor, 
was evaluated in the phase III ExteNET trial as extended 
adjuvant therapy for 1 year versus placebo after neoadjuvant 
or adjuvant trastuzumab-based therapy. The study was 
positive for the primary endpoint of iDFS, A subgroup 
analysis of the population with HR+ disease demonstrated 
an absolute benefit of 5.1% in 5 years (HR, 0.58; 95% CI: 
0.41–0.82; P=0.002). Among the patients with node-positive 
disease, which corresponded to 76% of the total population, 
a greater benefit was observed, principally in those with 4 or 
more involved lymph nodes (19,20).

Furthermore, patients with HR+ residual disease showed 
a trend of benefit with neratinib, with a 5-year iDFS rate 
of 7.4% (HR 0.60, 95% CI: 0.33–1.07; P=0.086) and a 
statistically and clinically meaningful OS benefit, with an 
absolute benefit of 9.1% at 8 years (HR, 0.47%; 95% CI: 
0.23–0.92; P=0.031) (21). This effect in HR+ patients may 

be related to bidirectional cross-talk between the HER2 
and estrogen receptors pathways, a known mechanism of 
resistance in HER2+/HR+ tumors (21).

The main toxicity of neratinib therapy was grade  
3 diarrhea (40% of patients); most of the episodes occurred 
in the first month, leading to treatment discontinuation in 
17% of patients. However, the CONTROL trial showed 
that this side effect can be significantly reduced with 
preemptive prophylaxis or progressive dose escalation (22).

The potential benefit of extended adjuvant therapy with 
neratinib after neoadjuvant or adjuvant pertuzumab or 
adjuvant T-DM1 is unknown. Nevertheless, considering 
the high risk of recurrence in patients with HER2+ IBC 
without pCR, neratinib should be considered in patients 
with HR+ disease.

Adjuvant therapy for HER+ IBC patients with pCR

Although pCR is associated with favorable prognosis as 
compared to patients with residual disease, the initial 
clinical stage must be considered. Patients with locally 
advanced disease at diagnosis, such as IBC, continue to 
have a substantial risk of recurrence (15–20%), despite a 
pCR (4,23,24). Identifying biomarkers that can predict 
recurrence risk despite pCR in IBC is needed to determine 
which patients require treatment escalation to improve 
survival outcomes. 

The APHINITY trial showed that the addition of 
pertuzumab to trastuzumab plus chemotherapy as adjuvant 
therapy, was beneficial in the node-positive cohort, 
regardless of HR status. In these patients, the addition of 
pertuzumab improved the iDFS rate at 6 years (87.9% 
versus 83.4%; HR, 0.72; 95% CI: 0.59–0.87), mainly by 
a reduction in distant relapses (25). On the basis of these 
results and considering the remaining significant risk of 
recurrence in patients with IBC with pCR, continued 
trastuzumab and pertuzumab in the adjuvant setting is 
indicated until 1 year of dual HER2 blockade has been 
completed. Figure 1 summarize the adjuvant systemic 
treatment recommendations for HER2+ IBC.

Future perspectives 

Recently, novel HER2-targeted agents were found to 
improve the treatment of patients with HER2+ metastatic 
breast cancer and may be effective in the adjuvant setting. 
Fam-trastuzumab deruxtecan-nxki (T-DXd), an antibody-
drug conjugate that is composed of trastuzumab and a 
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topoisomerase I inhibitor payload, was granted accelerated 
approval by the Food and Drug Administration in 2019, 
on the basis of the results of a phase II trial in patients who 
had received at least two prior anti-HER2 therapies. In the 
study, T-DXd demonstrated a high antitumor activity, with a 
response rate of 60.9% and PFS duration of 16.4 months (26).  
Subsequently, the phase III DESTINY-Breast03 trial showed 
a remarkable advantage in PFS and response rate of T-DXd 
versus T-DM1 in metastatic HER2+ breast cancer patients 
previously treated with trastuzumab and a taxane (27). In 
this context, T-DXd is being evaluated in the adjuvant 
setting versus T-DM1 in HER+ breast cancer patients with 
residual disease at surgery in the DESTINY-Breast05 trial 
(ClinicalTrials.gov identifier: NCT04622319). 

Tucatinib is a novel tyrosine kinase inhibitor of HER2 that 
was approved by the Food and Drug Administration in 2020, 
on the basis of the results of the phase III HER2CLIMB 
trial, for patients who have received at least one prior anti-
HER2 therapy. The addition of tucatinib to trastuzumab and 
capecitabine resulted in prolonged PFS and OS durations 
in this population (28). Moreover, among the 291 patients 
with brain metastases at baseline included in the study, the 
tucatinib was associated with statistically significant improved 
intracranial response (47.3% versus 20%), CNS-PFS  
(9.9 versus 4.2 months), and OS (18.1 versus 12.0 months) (29). 

CompassHER2 RD (ClinicalTrials.gov identifier: 
NCT04457596) is a promising ongoing trial with the 
aim of evaluating the potential benefit of adding tucatinib 

to T-DM1 as adjuvant therapy for patients with residual 
disease after neoadjuvant systemic therapy, including 
chemotherapy and anti-HER2 therapy. This trial is essential 
considering the need to reduce the risk of CNS recurrence 
in patients with HER2+ IBC with residual disease at 
surgery, the efficacious penetration of tucatinib into the 
CNS, and the demonstrated activity of tucatinib in brain 
metastases. 

The combination of immune checkpoint inhibitors to 
chemotherapy was a major breakthrough in the treatment 
of advanced and early stage triple negative breast cancer 
(30-32). For HER2+ metastatic breast cancer, the phase 
1b/2 PANACEA trial showed the preliminary efficacy of 
pembrolizumab, an anti-programmed death 1 monoclonal 
antibody, associated with trastuzumab in patients with 
trastuzumab-resistant disease. The antitumor activity was 
restricted to the cohort with expression of programmed 
death ligand 1 (PD-L1), with an objective response of 15% 
and median duration of disease control of 11.1 months 
in this group (33). Likewise, the phase II KATE2 study 
showed a trend of benefit in the PFS and OS duration with 
the addition of atezolizumab, an anti-PD-L1 monoclonal 
antibody, to T-DM1 in PD-L1 positive patients (34). 
Currently, the combination of atezolizumab with T-DM1 is 
being tested in the phase III ASTEFANIA trial as adjuvant 
therapy for HER2+ breast cancer patients with residual 
invasive disease post-neoadjuvant therapy (ClinicalTrials.
gov identifier: NCT04873362). 

Figure 1 Proposed systemic treatment algorithm for patients with non-metastatic HER2+ IBC. HER2, human epidermal growth factor 
receptor 2 gene; IBC, inflammatory breast cancer; AC-THP, doxorubicin and cyclophosphamide, followed by paclitaxel or docetaxel with 
trastuzumab and pertuzumab; TCHP, docetaxel or paclitaxel, carboplatin, trastuzumab, and pertuzumab; pCR, pathological complete 
response; T-DM1, ado-trastuzumab emtansine; HR+, hormone receptor-positive. 

Neoadjuvant chemotherapy with dual HER2 blockade (AC-THP or TCHP)
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Patients with HR+/HER2+ IBC have lower pCR rates 
than patients with HR-/HER+ IBC. However, the effect 
of pCR status on survival outcome is not as pronounce as 
in patients with HR-/HER+ disease. Despite an overall 
better prognosis, patients with HR+/HER+ IBC have a 
higher rate of late recurrence than patients with HR-/
HER2+ IBC (11). During the past decade, the cyclin-
dependent kinase 4 and 6 (CDK4/6) inhibitors significantly 
improved the treatment landscape for patients with HR+/
HER2- advanced breast cancer. Recently, abemaciclib was 
the first CDK4/6 inhibitor approved in the adjuvant setting 
in combination with endocrine therapy for patients with 
HR+/HER2‒, node-positive, high risk early breast cancer. 
Adjuvant treatment with abemaciclib led to improvement in 
iDFS (HR, 0.70; 95% CI: 0.59–0.82) (35). Given the results 
of CDK4/6 inhibitors for HR+/HER2- breast cancer and 
the positive results showed in phase I and II trials for HR+/
HER+ advanced breast cancer (36,37), the MonarcHER trial 
is going to assess the potential benefit of adding abemaciclib 
to standard adjuvant endocrine therapy for patients with 
HR+/HER+, who had completed adjuvant HER2-targeted 
therapy (ClinicalTrials.gov identifier: NCT04752332). The 
ongoing trials are summarized in Table 1.

Adjuvant hormone therapy and radiotherapy 

The optimal adjuvant endocrine therapy for IBC patients 

with HR+ residual disease is essential, including ovarian 
suppression and an aromatase inhibitor for premenopausal 
patients (38) and an aromatase inhibitor for postmenopausal 
patients (39). As these patients are at substantial risk for late 
recurrence, extending adjuvant endocrine therapy for up to 
10 years is strongly recommended (39,40). Bone-targeted 
therapy is also recommended in postmenopausal patients 
with high-risk breast cancer, in addition to in premenopausal 
patients in whom menopause is induced by ovarian 
suppression, to reduce bone recurrence, improve survival, 
and decrease bone loss and related complications (41,42). 

Finally, the multimodality treatment for patients with 
stage III IBC includes adjuvant radiotherapy; which can be 
performed concomitantly with HER2-targeted adjuvant 
therapy, including T-DM1, according to the protocol of the 
KATHERINE trial (15), or with dual HER2 blockade with 
trastuzumab and pertuzumab (26).

Conclusions

The pCR is an important prognostic factor for HER2+ 
breast cancer. Patients with HER2+ IBC with residual 
invasive disease at surgery after neoadjuvant chemotherapy 
with HER2-targeted therapy have a high risk of recurrence 
and death; thus, escalation of adjuvant therapy is necessary 
to improve prognosis. Adjuvant T-DM1 is the most 
effective targeted therapy in this setting, with a significant 

Table 1 Ongoing phase III studies with inclusion of HER2+ early breast cancer patients with residual invasive disease following neoadjuvant 
therapy

Study (ClinicalTrials.gov identifier) Experimental arm Control arm Eligibility 

DESTINY-Breast05 (NCT04622319) T-DXd ×14 cycles T-DM1 ×14 cycles High risk HER2+ BC with RD 
after NAT1

CompassHER2 RD (NCT04457596) T-DM1 + tucatinib ×14 cycles T-DM1 + placebo ×14 cycles High risk HER+ BC with RD 
after NAT2

ASTEFANIA (NCT04873362) T-DM1 + atezolizumab ×14 cycles T-DM1 + placebo ×14 cycles High risk HER+ BC with RD 
after NAT3

eMonarcHER (NCT04752332) ET + abemaciclib ×26 cycles4 ET + placebo ×26 cycles High risk HR+/HER2+ BC5 

1, high risk breast cancer was defined as inoperable breast cancer at presentation (cT4, N0-3, M0 or cT1-3, N2-3, M0) with RD; or 
operable at presentation (T1-3, N0-1, M0) with pathological positive ALN (ypN1-3) after neoadjuvant therapy. 2, high risk breast cancer was 
defined as cT1-4, cN0-3 disease at presentation and RD. Patients with cT1a/bN0 tumors at presentation are not eligible. cN0 eligible if T 
size ≥2.0 cm. cN1-2 eligible if T size ≥1.5 cm. 3, high risk breast cancer was defined as cT4/anyN/M0, any cT/N2-3/M0, or cT1-3/N0-1/M0, 
with RD. Patients with clinical stage cT1mi/T1a/T1b/N0 at disease presentation are not eligible. Those with cT1-3/N0-1 disease must have 
pathological evidence of RD in ALN at surgery. 4, after completing adjuvant HER2-targeted therapy. Physician’s choice endocrine therapy.  
5, high risk breast cancer was defined depending on the initial therapy. If neoadjuvant therapy: RD in ALN (ypN+); if no NAT (surgery 
upfront): ≥4 pathological positive ALN, or 1–3 pathological positive ALN and HG3 and/or T size ≥5 cm. T-DXd, fam-trastuzumab-
deruxtecan-nxki; T-DM1, ado-trastuzumab emtansine; BC, breast cancer; RD, residual invasive disease; NAT, neoadjuvant therapy; HR+, 
hormone receptor-positive; ET, endocrine therapy; ALN, axillary lymph-node; HG3, histologic grade 3.
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reduction in invasive disease recurrence and an acceptable 
safety profile. Extended adjuvant therapy with neratinib 
should also be considered, especially in patients with HR+ 
disease and residual disease. Patients with HR+/HER2+ 
IBC should receive 10 years of adjuvant hormonal therapy. 
Despite significant improved in the neoadjuvant and 
adjuvant systemic therapy over the past decade, preventing 
central nervous system recurrence remains an unmet need. 
Clinical trials evaluating novel anti-HER2 agents, including 
tucatinib and T-DXd, immune checkpoint inhibitor in 
combination with T-DM1, and addition of CDK4/6 
inhibitor to adjuvant endocrine therapy are underway to 
improve survival outcomes in the adjuvant therapy setting.
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