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Abstract

Purpose—Prior to availability of anti-HER2 therapies, HER2-positive metastatic breast cancer 

(MBC) was associated with a poor prognosis. Prospective randomized trials have demonstrated 

survival benefit from anti-HER2 treatments. Anecdotal observations have suggested that a small 

but meaningful fraction of patients with HER2-positive MBC may be “exceptional responders” 

with long survival. We hypothesized that demographic and/or clinicopathologic characteristics can 

be identified to distinguish short-term from long-term survivors.

Methods—A retrospective, single institution review of 168 patients with HER2-positive MBC 

who received treatment with anti-HER2 therapy in the metastatic setting was performed. Cox 

proportional hazards analysis was used to assess factors associated with long-term survival.

Results—Median overall survival from the time of breast cancer recurrence was 3.9 years (95% 

CI 3.4–5.2). From the time of diagnosis of MBC, 56 (33%) survived for 5 or more years and 12 

(7%) survived more than 10 years. Of the 66 patients diagnosed with central nervous system 

metastases, 9 (14%) survived more than 5 years following that diagnosis. Younger age at 

diagnosis, lower stage, hormone receptor positive status, and only having one organ involved at 

diagnosis were associated with longer survival. Four patients discontinued anti-HER2 therapy and 

are without evidence of progression of disease after a median 7.4 years (0.2–12.0) since stopping 

therapy.

Conclusions—In a cohort of patients with HER2-positive MBC treated primarily with 

trastuzumab and lapatinib, 7% of patients were “exceptional responders”. Combining these 

clinical factors associated with molecular determinants of prolonged survival with may provide 

insights for individualizing treatment selection.
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Introduction

Before the advent of targeted anti-Her2 therapies, HER2-overexpressing (HER2-positive) 

tumors portended a worse outcome compared to Her2-negative tumors.[1, 2] The 

development of trastuzumab in the late 1990s revolutionized the management of HER2-

positive metastatic breast cancers (MBC), and improved the prognosis of patients with 

HER2-positive tumors.[3–7] However, HER2-positive MBC is still considered an incurable 

disease, with the majority of patients ultimately dying within 5 years. The median overall 

survival (OS) from the time of initiation of anti-HER2 therapy was recently found to be 32–

42 months in the metastatic setting.[4, 8] It has been recently reported that 25–30% of 

patients with HER2-positive MBC survived five or more years following treatment with 

HER2-targeted therapy.[9, 10]

We hypothesized that demographic and clinicopathologic factors can distinguish short-term 

from long-term HER2-positive MBC survivors. To investigate this hypothesis, we analyzed 

data from a retrospective database of patients with HER2-positive MBC treated at a single 

institution with anti-HER2 therapy as part of their treatment regimen. We report a cohort of 

“exceptional responders” who have survived ≥10 years after metastatic disease, some of 

whom have discontinued therapy without clinical evidence of progression.

Methods

Study design

All patients diagnosed with HER2-positive MBC and treated with at least 21 days of 

trastuzumab or lapatinib in the metastatic setting at the University of Michigan (U-M) 

Comprehensive Cancer Center between 1991 and 2015 were included. Potentially eligible 

patients were identified through review of pharmacy records. Patients with distant metastatic 

disease were included; those with locoregional recurrence (including axillary or 

supraclavicular nodal disease) or second primary tumors were excluded. Those patients who 

received only a single 3 week dose or fewer than 4 weekly doses of trastuzumab were 

excluded (Supplemental Figure 1). Biopsies of suspected metastatic sites were performed at 

the discretion of the treating physician. HER2 status was determined clinically at the time of 

primary or metastatic diagnosis using immunohistochemistry and/or fluorescence in situ 

hybridization (FISH) according to period-appropriate institutional guidelines. This 

retrospective, single institution study was approved by the Institutional Review Board, which 

granted a waiver of informed consent.

Clinicopathologic characteristics of eligible patients were abstracted from the electronic 

medical record by two reviewers (PM, NLH), including demographics; dates of diagnosis of 

primary breast cancer, MBC and first progression; tumor characteristics at the time of 

original diagnosis and at the time of disease recurrence; initial sites of metastatic disease; 
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systemic treatments received in the adjuvant and metastatic settings; date of last follow-up at 

U-M; and date of death, if applicable. Site(s) of metastatic disease at time of diagnosis of 

MBC were grouped into four categories based on findings demonstrated on imaging studies: 

single organ involvement (bone, viscera, and central nervous system (CNS)) and multi-organ 

involvement.

Statistical methods

The primary endpoint was OS, defined as the time between a patient’s diagnosis of MBC 

and death from any cause or last follow-up. The secondary endpoint was progression-free 

survival (PFS), defined as the time from diagnosis of MBC to time of initiation of second 

line therapy or death from any cause, whichever occurred first. OS and PFS were analyzed 

using the Kaplan-Meier product-limit method and log rank test. Data from patients with no 

event recorded were censored at the date of last follow-up.

Cox proportional hazards models were used to evaluate the association between OS and 

covariates, including age at initial diagnosis, time to development of MBC (defined as the 

time elapsed between initial diagnosis of breast cancer and diagnosis of MBC), grade of 

primary tumor, cancer stage at initial diagnosis, hormone receptor (HR) status, and site(s) of 

metastatic disease at time of disease recurrence. 95% confidence intervals (CI) are 

presented. P values less than 0.05 were considered statistically significant.

Landmark analysis of CNS metastasis diagnosis at 1 year was used to investigate the 

relationship between development of CNS metastases and OS. The patients who died before 

1 year (N=13, 8%) were excluded from the landmark analysis to provide a conservative 

estimate of the effect.[11] Women who did not have CNS metastasis at their last follow-up 

time were censored. We used both Kaplan-Meier analysis and log-rank test and Cox 

proportional hazards models controlling for age at initial diagnosis, stage, and HR-positive 

status for the landmark analysis. Additionally, the correlation between time to diagnosis of 

CNS metastasis and OS was investigated using Kendall’s tau rank correlation for bivariate 

censored data using the R NADA library.

Results

Baseline patient and tumor characteristics

Two hundred and forty-eight potentially eligible patients were identified (Supplemental 

Figure S1). Patients with in-breast recurrence (N=11), locoregional recurrence only (N=14), 

patients who did not receive at least 21 days of trastuzumab or lapatinib therapy after 

diagnosis of recurrent disease (N=28), and patients who were subsequently determined to 

not have HER2-positive recurrent disease (N=13) were excluded. In addition, patients with 

only a single clinic visit at the institution (N=14) were excluded because of lack of data 

about treatments administered. A total of 168 patients were eligible and included in the 

analysis.

Demographic factors and primary and metastatic tumor pathological characteristics for all 

eligible patients are given in Supplemental Table S1. Mean age at initial diagnosis of breast 

cancer was 47.9 (range 25.3–91.9). At initial diagnosis, 77 (46%) patients had grade 3 
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disease, 101 (60%) had HR-positive disease, and 49 (29%) had stage 4 disease. Twenty 

patients (12%) received adjuvant trastuzumab.

Median time to distant metastatic disease was 2.2 years (range 0–19.2 years). All 168 

patients had radiographic evidence of distant metastases. Ninety-six (57%) underwent 

biopsy to confirm distant metastasis. Sixty-six (39%) patients developed CNS metastases 

during their disease course; it was the initial metastatic site of disease for 7 (4%) patients.

Timing of initiation of HER2-targeting therapy was influenced by the year of diagnosis and 

duration of survival. In this cohort first line systemic therapy for metastatic disease 

contained trastuzumab for 71%, lapatinib for 2%, and endocrine therapy or chemotherapy 

without HER2-targeted therapy for 26.2%. Forty-six patients received treatment with 

lapatinib (27%), 18 (11%) received ado-trastuzumab emtansine, and 15 (9%) received 

pertuzumab as part of their second-line or later treatment regimens.

Survival Outcomes

Median follow-up from the time of diagnosis of MBC was 3.2 years (range 0.1–16.3 years). 

Median OS from the time of MBC diagnosis was 3.9 years (95% CI 3.4–5.2 years; Figure 

1A). Notably, 56 (33%) and 12 (7%) patients were alive ≥5 years and ≥10 or more years, 

respectively, after diagnosis of MBC. Median PFS from the time of diagnosis of MBC to 

initiation of second line therapy was 1.3 years (95% CI 1.1–1.6; Figure 1B). Of the 96 

patients with biopsy-proven distant metastases, 5 (5%) were free of detectable active disease 

by routine imaging at ≥10 years. There was no difference in survival between those with and 

without biopsy confirmation of metastatic disease (HR 0.88 [95% CI 0.6–1.3], p=0.49). For 

the 39% of patients who were diagnosed with CNS metastases at any time during their 

disease course, median survival from the time of diagnosis of CNS metastasis was 1.5 years 

(95% CI 1.1–2.6).

Predictors of survival with MBC

Using a Cox proportional hazards analysis, younger age at initial diagnosis of breast cancer, 

lower stage, hormone receptor-positivity of primary tumor, and only having one organ 

involved with metastasis at diagnosis of MBC were associated with statistically significantly 

longer OS (Table 1). In addition, there was a borderline longer OS for those with metastatic 

disease at diagnosis compared to those with stage I–III at initial diagnosis (HR 0.66 [95% CI 

0.43–1.02], p=0.059). Time to development of MBC and grade of primary tumor did not 

statistically significantly impact survival.

Patients with prolonged survival

Twelve (7%) of the 168 patients in the cohort survived more than 10 years after diagnosis of 

MBC (Figure 1A; Table 2). Seven of the 12 patients had no evidence of disease at the time 

of last follow-up (Table 2). At the time of data analysis, 4 of the 10 patients who were still 

living had discontinued all anti-cancer therapy after a median of 6.2 years (range 0.4–12.0) 

of treatment and have remained without evidence of disease progression for a median of 7.4 

years (range 0.2–12.0) of follow-up. All 4 had biopsy-proven distant metastases.
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Patients with CNS metastases

Of the 66 patients diagnosed with CNS metastases, 9 (14%) survived at least 5 years 

following diagnosis of CNS metastasis (Table 3). There was a trend towards younger age 

and a greater likelihood of undergoing surgical resection of their CNS tumors in this group 

compared to the remainder of the CNS metastasis cohort.

Overall, the development of CNS metastases at any time did not negatively impact survival 

(Table 1). However, for those patients who development CNS metastases within 1 year of 

diagnosis of MBC (N=27), the median OS was 2.8 years versus 5.2 years for women without 

CNS metastasis at one year (log rank test, P=0.0003) (Supplemental Figure S2). This time 

period was chosen because median time to CNS metastasis for those with metastasis to the 

brain was 1.1 years. For women with CNS metastasis within 1 year compared to those 

without CNS metastasis at one year, the hazard ratio for death adjusted for age at diagnosis, 

stage, and HER2-positive status was 2.4 (95% CI 1.4–4.2, P=0.002). The Kendall’s tau 

correlation between time to CNS metastasis and OS was 0.14 (P=0.005), which suggests a 

weak but statistically significant dependence. Of those who survived more than 10 years 

after diagnosis of MBC, 25% had CNS metastases, compared to 40% of those who survived 

less than 10 years.

Discussion

This report of 168 patients with HER2-positive MBC treated at a single institution 

demonstrated that OS was 33% at 5 years and 7% at 10 years. In particular, we describe in 

detail a cohort of 12 patients who have survived more than 10 years since the diagnosis of 

MBC, and a cohort of 9 patients who have survived more than 5 years since the diagnosis of 

CNS metastases.

In our cohort, 4 patients with MBC discontinued trastuzumab, and as of last follow-up had 

been off all cancer-directed therapy for a median of 7.4 years (range 0.2–12.0). Two patients 

discontinued treatment after 0.4 and 2.5 years because of possible allergic reactions, whereas 

the other 2 discontinued because they were without evidence of disease for a prolonged time 

(9.9 and 12 years). These observational data support the concept that it might be reasonable 

to safely discontinue anti-HER2 therapy for a subset of patients whose survival beyond a 

specific time point reflects cure of disease, in a manner similar to that for Hodgkin and non-

Hodgkin lymphomas and metastatic testicular cancer. However, prolonged survival could 

simply occur in the setting of continued dependence of tumor growth on HER2 signaling, 

and therefore some patients may achieve long-term suppression of disease progression only 

through continued systemic anti-HER2 therapy.

There has been a recent recognition of the existence of “exceptional responders” in multiple 

tumor types, and the National Cancer Institute recently launched the NCI Exceptional 

Responders Pilot Trial specifically to investigate these patients (Clinicaltrials.gov 

NCT02243592). In the setting of HER2-positive MBC, an understanding of why some 

patients are able to achieve prolonged survival could yield multiple benefits, including 

providing information useful for decision-making regarding duration of anti-HER2 therapy 

or need for single versus dual anti-HER2 directed therapies.
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Approximately one third of our cohort had CNS metastases, consistent with the previously 

reported higher incidence of CNS metastases in HER2-positive compared to HER2-negative 

MBC.[12, 13] In MBC, regardless of HER2 status, the development of CNS metastases has 

strongly portended a poor prognosis.[14, 15] In our study of HER2-positive MBC, the 

development of CNS metastases at any point during the course of the disease did not 

significantly negatively impact survival (HR 1.3, P=0.14). However, based on the landmark 

analysis, developing CNS metastasis within 1 year of diagnosis of MBC did negatively 

impact survival compared to not having developed a CNS metastasis within 1 year, with or 

without other metastatic disease. Our finding is similar to a previously reported study on 

CNS metastases in HER2-positive MBC, in which the median OS from time of initial 

metastatic diagnosis was shorter in patients whose CNS metastases were noted at initial 

diagnosis than in those whose CNS metastases developed subsequently.[16] This suggests 

that development of CNS metastasis in the setting of HER2-positive disease does not 

necessarily translate into a poor outcome, although early development of CNS metastases 

may herald shorter survival.

Our data must be placed in historical context. The majority of patients in this analysis were 

treated only with trastuzumab, with or without lapatinib. More recently, multiple anti-HER2 

therapies, including other antibodies and antibody-drug conjugates have become available 

for routine clinical use.[17, 18] It remains to be seen whether the number of long-term 

survivors with HER2-positive MBC will be even greater. Nonetheless, as noted, our data 

strongly support that some patients may live for a decade or more without these newer 

agents (Table 2).

Our study has several limitations. It is a retrospective, single institution study, with limited 

power to detect prognostic factors with smaller effect sizes. The study encompassed a long 

period of time during which patients were treated, and the varying treatment patterns over 

time may confound the data. Finally, pathologic evaluation of HER2 evolved during the 

study period, as analytical methodology and definitions of Her2 positivity have changed.[19] 

We relied on clinical determination of HR and HER2 positivity at the time of initial 

diagnosis, and therefore some tumors considered to be HER2-positive at the time of 

diagnosis may not be considered so by contemporary standards. We were not able to 

perform central pathologic assessment of receptor status because of inability to locate many 

of the primary tissue specimens.

In summary, we have defined a distinct subset of patients with HER2-positive MBC, treated 

with trastuzumab-containing regimens in the metastatic setting, who survived far longer than 

expected, some more than 10 years. Additional research is needed to determine the impact of 

duration and choice of anti-Her2 therapy on outcomes in different patient subsets, and to 

identify molecular determinants that distinguish these “exceptional responders” from those 

who progressed and died rapidly. Ultimately, defining clinical and pathologic predictors of 

prolonged survival in HER2-positive MBC could guide treatment decision-making and may 

provide insights on mechanisms of drug resistance.
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Figure 1a
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Figure 1b

Figure 1. 
Kaplan-Meier survival curves for (A) overall survival and (B) progression-free survival. 

Vertical lines represent censored patients at last known follow-up. Two patients’ information 

about progression-free survival is unknown.
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Table 1

Univariable proportional hazards analysis of overall survival (N=168).

Variable HR (95% CI) P value

Age (continuous variable) 1.02 (1.01–1.04) 0.005

Time to development of distant metastatic disease

  Stages 1, 2, and 3 1.01 (0.96–1.05) 0.83

Grade of primary tumor (vs. 3) 0.91

 1 1.01 (0.40–2.53)

 2 1.11 (0.70–1.75)

Stage at initial diagnosis (vs. 1) 0.039

 2 0.88 (0.51–1.52)

 3 1.56 (0.81–2.98)

 4 0.66 (0.36–1.20)

Hormone receptor positive 0.66 (0.45–0.97) 0.032

Any CNS metastasis 1.31 (0.91–1.89) 0.14

Initial metastatic site (vs. bone only) 0.027

 CNS only 1.67 (0.58–4.84)

 Visceral only 1.00 (0.56–1.79)

 Multi-organ involvement 1.78 (1.12–2.84)

CNS: central nervous system
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