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Purpose: Trastuzumab (Herceptin), an anti-human epidermal growth factor receptor 2 (HER2) antibody, has been
shown to be an effective radiosensitizer in preclinical studies. The present Phase II trial evaluated trastuzumab
plus radiotherapy in patients with HER2-positive, chemotherapy-refractory, locally advanced or locoregionally
recurrent breast cancer.
Methods and Materials: Eligible patients had measurable disease, normal cardiac function, and biopsy-confirmed
residual HER2-positive disease. Patients received weekly trastuzumab (2 mg/kg intravenously), concurrent with
radiotherapy (50 Gy) to the breast and regional lymph nodes for 5 weeks. If feasible, surgery followed radiother-
apy. The primary endpoint was safety, and the secondary endpoint was efficacy (pathologic response and interval
to symptomatic local progression).
Results: Of the 19 patients enrolled, 7 were ineligible and received radiotherapy alone and 12 received therapy per
protocol. Of these 12 patients, 11 had a Stage T4 diagnosis. Grade 3 toxicities included skin (n = 2) and lymphopenia
(n = 1). One patient experienced delayed wound healing after surgery. No patients developed symptomatic cardiac
dysfunction. Of the 7 patients who had undergone mastectomy, 3 (43%) had a substantial pathologic response (com-
plete response or microscopic residual disease), significantly more than a comparison cohort (2 of 38 or 5%, p = .02).
The median interval to symptomatic local progression was not reached. The median overall survival was 39 months.
Conclusion: This is the first prospective trial providing evidence for a radiosensitizing effect of trastuzumab in
breast cancer. The combination of trastuzumab and radiotherapy was well tolerated. � 2010 Elsevier Inc.
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INTRODUCTION

The human epidermal growth factor receptor 2 (HER2) is

overexpressed or gene amplified in 20–25% of breast cancers

(1–3). Patients with HER2-positive disease have a less favor-

able prognosis than those with normal HER2 expression (1,

4). Trastuzumab (Herceptin, Genentech USA, South San

Francisco, CA) is a monoclonal antibody that binds to

HER2, resulting in inhibition of HER2-mediated down-

stream signaling and activation of antibody-dependent cellu-

lar cytotoxicity (5–7). In clinical trials, trastuzumab

improved mortality outcomes in patients with metastatic

and early breast cancer, either as monotherapy or combined

with chemotherapy (8–12). Thus, trastuzumab has become

a standard component of multimodality therapy for patients

with HER2-positive breast cancer.

Radiotherapy (RT) is also a standard modality for the adju-

vant treatment of breast cancer. RT is typically delivered after

surgery, but it can also be used as primary therapy or, in some

cases, preoperatively for locally advanced disease. However,

the efficacy of RT is limited by the relative radioresistance of

breast cancer cells. In preclinical studies, HER2 overexpres-

sion in breast cancer was associated with radioresistance rel-

ative to controls (low HER2 expression) (13). When HER2 is

exogenously overexpressed in normal breast cancer cell lines,

the HER2-overexpressing cells acquire radioresistance com-

pared with their parental counterparts, a phenomenon that

can be reversed with exposure to trastuzumab (13, 14). These

results suggest that trastuzumab might be a radiosensitizer.

It remains unclear whether HER2 expression confers clin-

ical radioresistance. Although Haffty et al. (15) found that
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breast tumors recurring after RT were more likely to overex-

press HER2 than were case controls, others have found that

the rate of locoregional recurrence after mastectomy was

not greater in HER2-positive breast cancer (16). Prospective

studies should help to clarify the role of HER2 in clinical ra-

diation response.

Both trastuzumab and RT have been associated with car-

diac dysfunction. In a Phase III metastatic breast cancer trial,

the incidence of cardiac dysfunction (both asymptomatic and

symptomatic) was 27% for patients receiving trastuzumab

plus an anthracycline and cyclophosphamide (8). The inci-

dence of cardiac events in the four large adjuvant trials, in

which trastuzumab was not given concomitantly with doxo-

rubicin and cyclophosphamide ranged from 0.4% to 3.8%

compared with 0.1–0.9% in the nontrastuzumab arms and

RT was given, as appropriate, after chemotherapy (12, 17–

20). In most cases, the cardiac dysfunction associated with

trastuzumab has been medically managed with standard med-

ications and has been reversible in some cases, returning to

baseline or close to baseline (21).

Cardiotoxicity has also been reported as a long-term com-

plication for patients who undergo adjuvant RT (22, 23). As

a result, concurrent delivery of trastuzumab and RT to the in-

ternal mammary nodal (IMN) chain was specifically pro-

hibited in the adjuvant setting (11). However, modern

techniques reduce radiation exposure to the heart and help

minimize cardiotoxicity. Given the clinical benefit achieved

with trastuzumab, it is important to assess both the improve-

ment in locoregional control conferred by the addition of tras-

tuzumab to RT and the risk of cardiac dysfunction.

To prospectively evaluate trastuzumab as a radiosensitizer,

we initiated a Phase II clinical trial of concurrent trastuzumab

plus preoperative or primary RT for patients with locally ad-

vanced HER2-positive breast cancer who had had less than

a partial response to neoadjuvant chemotherapy or had

locoregionally recurrent disease. The primary objective was

safety, including cardiac function, acute skin toxicity, and

wound healing complications. The secondary objective was

efficacy. The primary efficacy endpoint was the pathologic

response in patients who subsequently underwent resection,

and the secondary efficacy endpoint was the interval to symp-

tomatic local progression (SLP).

METHODS AND MATERIALS

The institutional investigative research board approved the study

protocol, and all patients provided written informed consent. An

overview of the trial design is presented in Fig. 1.

Eligibility
All patients were candidates for preoperative or primary RT,

primarily because of a less than partial response to neoadjuvant

chemotherapy. Patients had biopsy-proven HER2-positive (immu-

nohistochemistry 3+ or amplified by fluorescence in situ hybridi-

zation), invasive breast cancer with measurable or evaluable

locoregional disease after neoadjuvant chemotherapy or (from

2003 onward) locoregionally recurrent disease. The patients were

confirmed to have Stage III or IV disease by clinical and radio-

graphic staging and evaluated using the TNM scoring system

(American Joint Committee on Cancer, 5th or 6th edition [24,

25]). The patients were eligible with any T stage plus N2 or N3

disease, T4 disease with any N stage, or distant metastasis with lo-

cally advanced disease in the breast/lymph nodes. Patients were

excluded if they had received previous RT to the breast or regional

lymph nodes.

Patients were initially excluded if their cardiac function after che-

motherapy was less than the institutional limits of normal. However,

institutional data had indicated that a mild, asymptomatic, cardiac

function decline, as determined by multiple gated acquisition

(MUGA) scans, frequently occurs in the acute period after neoadju-

vant anthracycline chemotherapy (26). A recovery to full cardiac

function was usually achieved. Therefore, the protocol was

amended to include patients with modest cardiac dysfunction after

previous therapy (decline in left ventricular ejection fraction

[LVEF] <10% and asymptomatic). Patients who had a more signif-

icant or symptomatic cardiac decline after chemotherapy remained

ineligible for concurrent trastuzumab.

Initially, patients were required to undergo repeat biopsy after

neoadjuvant systemic therapy (which typically included trastuzu-

mab) to confirm residual HER2-positive disease that could poten-

tially be sensitized by trastuzumab. However, as it became clear

that conversion from HER2-positive to HER2-negative disease

occurs rarely, the requirement for biopsy was discontinued (6, 27).

Although the type of neoadjuvant therapy was not defined by

protocol, most patients received four cycles of doxorubicin and

cyclophosphamide followed by four cycles of paclitaxel every

3 weeks, given concurrently with weekly trastuzumab. After che-

motherapy, the patients were assessed by physical examination,

mammography, and ultrasonography, with or without additional

radiographic studies. Patients without a treatment response were

those with <50% (product of the craniocaudal and transverse diam-

eters) decrease in measurable tumor (minimal response), no

change in tumor size (stable disease), or increase in measurable tu-

mor size by >50% (progressive disease). Preoperative RT was

recommended due to either frankly inoperable disease or signifi-

cant residual disease burden.

Fig. 1. Patient cohorts. Of 19 enrolled patients, 7 proceeded to final
pathologic evaluation after protocol treatment. HER2 = human epi-
dermal growth factor receptor 2; LVEF = left ventricular ejection
fraction.
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