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Abstract
Purpose Patients treated with trastuzumab for HER2-positive metastatic breast cancer (HER2+MBC) are living longer, but 
there is little information on their outcomes and treatment experience beyond the median survival from clinical trials and 
real-world observational studies. We aim to describe the real-world treatment patterns and overall survival (OS) for women 
surviving five or more years from initiation of trastuzumab for HER2+MBC.
Methods This is a retrospective, whole-of-population cohort study of women initiating trastuzumab for HER2+MBC 
between 2001 and 2011, followed to 2016. We defined long-term survivors (LTS) as those patients surviving ≥ 5 years from 
trastuzumab initiation. We used dispensing claims to describe timing of cancer treatments used by LTS and to estimate time 
on and off HER2-targeted therapies, and OS from trastuzumab initiation for HER2+MBC.
Results Of 4177 women initiating trastuzumab for HER2+MBC, 1082 (26%) survived ≥ 5 years. Median age for LTS was 
54 years (IQR 46–63). At a median follow-up of 9.4 years, 36% of LTS died; their conditional probability of surviving 
an additional 5 years was 55%. Median time on trastuzumab and all HER2-targeted therapy was 58.9 months (27.6–88.1) 
and 69.1 months (35.6–124.5), respectively. 85% of LTS had a period off HER2 therapy, lasting a median of 30.4 months 
(8.2–NR).
Conclusions LTS generally receive HER2-targeted therapies for periods of time longer than in clinical trials, but most LTS 
also had breaks in treatment. More research is needed to understand the effects of long-term treatment and to identify patients 
who may be able to safely discontinue HER2-targeted therapy.
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Introduction

The development and routine use of trastuzumab and other 
HER2-targeted therapies mean that the typical person 
diagnosed with HER2-positive metastatic breast cancer Electronic supplementary material The online version of this 
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(HER2+MBC) today lives longer than most people diag-
nosed with HER2-negative MBC [1]. Survival estimates 
from clinical trials have been increasing over time; the 
original pivotal trial of trastuzumab combined with chem-
otherapy reported a median overall survival (OS) of 25.1 
months [2], and the more recent CLEOPATRA trial of first-
line pertuzumab, trastuzumab, and chemotherapy reported 
median survival of 56.5 months [3].

Despite these recognized improvements in survival 
observed in clinical trials and routine clinical care [4], there 
are little data on the experience of patients surviving beyond 
median survival estimates. Most contemporary trials report 
estimates based on follow-up times around 4 years or less [3] 
and observational studies have focussed on the clinicopatho-
logical factors associated with long-term response/survival 
[5–14]. Understanding the experience of long-term survivors 
(LTS) is important for clinicians, patients, and health policy 
makers.

Many patients have questions about their likely survival 
time when diagnosed with HER2+MBC. Providing patients 
with median survival estimates from clinical trials may have 
little meaning for individuals several years into treatment 
and these estimates do not convey information on the likeli-
hood of longer survival or what patients may experience 
from longer-term therapy. Moreover, trials do not provide 
information on the experience of typical patients treated in 
routine clinical care nor do they have the capacity to identify 
what typical patients experience in terms of durations and 
time off therapy. While current guidelines recommend con-
tinuing HER2-targeted therapy for as long as is feasible [15], 
it remains unknown if HER2-targeted therapies can be safely 
ceased after a period of disease stability; observational stud-
ies have the capacity to examine how this is being managed 
in contemporary practice.

Therefore, we sought to describe the real-world treatment 
patterns and survival outcomes for HER2+MBC patients 
surviving 5 years or longer from the start of treatment with 
trastuzumab for HER2+MBC. We calculate the proportion 
of patients initiating trastuzumab for HER2+MBC surviving 
for at least 5-years and estimate their: conditional probability 
of surviving an additional 5 years; time on trastuzumab and 
other HER2-targeted therapies; frequency and duration of 
breaks from trastuzumab and other HER2-targeted therapies; 
and time on additional cancer therapies.

Data sources and methods

Setting and data

The Australian healthcare setting and datasets used in this 
study have been described previously [16]. Briefly, Aus-
tralia maintains a publicly funded, universal healthcare 

system entitling all citizens and permanent residents to 
subsidized medicines through the Pharmaceutical Benefits 
Scheme (PBS). The Herceptin Program, separate to the 
PBS, provided fully subsidized access to trastuzumab for 
HER2+MBC from December 2001 until July 2015, when 
the program was closed and trastuzumab for HER2+MBC 
was listed for subsidy on the PBS [16]. Australia has a sin-
gle-payer healthcare system. Once a medicine is subsidized 
through the PBS or the Herceptin Program, the government 
bears the cost of the medicine. Private insurance will not 
provide reimbursement for publicly subsidized medicines. 
Patients can elect to pay out-of-pocket for medicines but 
given the high cost of trastuzumab, self-funding would be 
extremely unlikely. As such, our study population likely cap-
tures all Australians receiving trastuzumab for MBC during 
the study period.

The Australian Department of Human Services (DHS)—
administering body for the Herceptin Program and PBS—
supplied de-identified, patient-level data including patient 
information (year of birth, month/year of death, patient 
weight at enrolment, and HER2 immunohistochemistry 
(IHC) or in situ hybridization (ISH) result); dispensed tras-
tuzumab records (dates and quantity supplied); and PBS 
dispensing records (all other prescription medicines). The 
DHS also provided the dispensing records for all patients in 
Australia who accessed publicly subsidized trastuzumab for 
early breast cancer (EBC) from 1 October 2006 to 30 June 
2016. We determined previous treatment with trastuzumab 
for EBC through data linkage of Herceptin Program records 
with the dispensing records of patients who received tras-
tuzumab for EBC.

The period of time observed across the datasets is 1 Janu-
ary 2001 to 30 June 2016.

Study design and participants

Our population-based, retrospective cohort study includes 
every Australian woman initiating trastuzumab for MBC 
subsidized through the Herceptin Program between 3 
December 2001 and 30 June 2011 to allow for a minimum 
of 5 years potential observation time for each patient. All 
patients were observed until death or 30 June 2016.

Outcomes and statistical analysis

We used descriptive statistics to summarize age, weight, fact 
of death, determination of HER2+ (IHC or ISH), and the 
number of patients dispensed endocrine therapies.

We estimated: OS from the time of first trastu-
zumab dispensing for HER2+MBC date until month of 
death (set at the last day of the month) or censor using 
Kaplan–Meier methods; conditional probability of surviv-
ing to 10 years given a patient survived five according 
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to Hieke et al [17]; time on each HER2-targeted therapy 
for HER2+MBC as the period from first dispensing date 
until the last dispensing date, plus 30 days or the number 
of days to death, whichever was sooner (we considered 
a period of > 90 days between dispensings as a break in 
treatment and a dispensing following a break of > 90 days 
as beginning a new course of therapy) [18]; and time on 
and off trastuzumab and all HER2-targeted therapies 
using Kaplan–Meier methods. To account for variable 
survival times and patients’ opportunities to receive 
treatments, we used estimates of duration and survival 
to determine the proportion of observed survival time 
that patients spent on: trastuzumab, all HER2-targeted 
therapies, and chemotherapy.

We used PBS dispensing data to summarize the type, 
number, and timing of other cancer treatments dispensed 
following trastuzumab initiation for HER2+MBC. We 
determined first-line partner therapy based on treatments 
dispensed during the period from 30 days prior to 90 
days following trastuzumab initiation. We calculated the 
time on other cancer therapies in the same manner as for 
HER2-targeted therapies, and summarized the number of 
unique chemotherapies dispensed following trastuzumab 
initiation.

All analyses were performed in SAS version 9.4 (SAS 
Institute, Cary, NC).

Ethics and data access approvals

Our study was approved by the NSW Population and 
Health Services Research Ethics Committee (Approval 
Number: 2010/02/213) and data access was granted by the 
Australian Department of Human Services (DHS) Exter-
nal Request Evaluation Committee (Approval Numbers: 
MI1474, MI1475, MI1477, MI5858). Individual consent for 
the release of these data has been waived according to the 
Australian Privacy Act of 1988 [16]. Access to the datasets 
analyzed during the current study is not permitted without 
the express permission of the approving human research eth-
ics committees and data custodians.

Results

Patient characteristics

There were 4177 women initiating trastuzumab for 
HER2+MBC between 3 December 2001 and 30 June 2011. 
Their median OS was 28.1 months (IQR 12.6–62.9; Fig. 1) 
and 1082 women (26%) survived at least 5 years from their 
first trastuzumab dispensing for HER2+MBC. These LTS 
had a median age of 54 years (IQR 46–63; Table 1); 60 (6%) 
received prior adjuvant trastuzumab; and most (65%) were 
also dispensed at least one endocrine therapy either prior 
to initiation of trastuzumab for HER2+MBC or within the 

Fig. 1  Survival probability plot for all patients initiating trastuzumab for HER2+MBC between 2001 and 2011. Long-term survivors highlighted
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first 5 years of treatment. Of the 443,148 vials of trastu-
zumab dispensed to all patients initiating trastuzumab dur-
ing the study period, 240,169 (54%) were dispensed to LTS 
(Table 1).

Overall survival and duration of HER2‑targeted 
therapies

By 30 June 2016, 36% of all LTS had died. Median OS 
from year 5 of treatment was 78.9 months (IQR 23.3–not 
reached; Fig. 2) and the conditional probability of surviv-
ing an additional 5 years from this time was 55%. Median 
time on trastuzumab from commencement of treatment 
for HER+MBC, excluding breaks, was 58.9 months (IQR 
27.6–88.1; Table 2) and median duration of the first course 
of trastuzumab was 40.3 months (IQR 14.1–73.6). Non-
trastuzumab HER2-targeted therapies were dispensed 
to 333 LTS (31%) following trastuzumab initiation: 246 
(23%) received lapatinib, 111 (10%) received trastuzumab 
emtansine (T-DM1), and 18 (2%) received pertuzumab 

(Table 1). The median time on all HER2-targeted therapy 
was 69.1 months (IQR 35.6–124.5) and the median pro-
portion of survival time spent on HER2-targeted therapies 
was 83% (IQR 39–97%; Table 2).

Chemotherapy and endocrine therapy

Chemotherapy was dispensed to 909 (84%) LTS and the 
median proportion of OS time spent on chemotherapy was 
13% (5–31%; Table 2). Taxanes were the most common 
first-line treatment dispensed with trastuzumab (54% of 
LTS). There were 173 (16%) LTS who did not receive 
chemotherapy during or following trastuzumab—96 
received endocrine therapies while 77 received only tras-
tuzumab. Capecitabine, lapatinib, vinorelbine, and gemcit-
abine were most often dispensed between the 4th and 6th 
years from trastuzumab initiation. Beyond year 5, the most 
commonly dispensed medicines were endocrine therapies 
and taxanes.

Table 1  Patient characteristics of the entire cohort (including long-term survivors) and long-term survivors

a Immunohistochemistry
b In situ hybridization
c Dispensing of a hormonal agent at any time prior to starting trastuzumab or within the 5 years following trastuzumab initiation
d Median follow-up time calculated according to the reverse Kaplan–Meier method. Patients who did not survive 5 years from trastuzumab initia-
tion were followed for the entire period from trastuzumab initiation until death

All patients Long-term survivors

Number of patients initiating trastuzumab between 3 December 2001 and 30 June 2011 4177 1082
Baseline
 Age in years at first trastuzumab for MBC dispensing, median (IQR) 56 (47–65) 54 (46–63)
  < 35, N (%) 112 (3) 34 (3)
  35–44 671 (16) 196 (18)
  45–54 1149 (28) 313 (29)
  55–64 1183 (28) 306 (28)
  65–74 639 (15) 155 (14)
  ≥ 75 423 (10) 78 (7)

 Weight (kgs) at Herceptin Program enrolment, median (IQR) 69 (60–79) 68 (60–78)
 Treatment qualification
  HER2-positive by  IHCa 3+, N (%) 2989 (72) 766 (71)
  HER2-positive by  ISHb, N (%) 1188 (28) 316 (29)

 Previously treated with trastuzumab for early breast cancer, N (%) 280 (7) 60 (6)
 Post-trastuzumab initiation for MBC
 Deaths, N (%) 3486 (83) 391 (36)
 Number of vials of trastuzumab dispensed 443,138 240,169
 Dispensed hormonal therapy prior to or within 5 years of trastuzumab initiation, Nc (%) 2282 (55) 701 (65)
 Dispensed additional HER2-targeted therapies following trastuzumab initiation, N (%) 945 (23) 333 (31)
  Lapatinib 858 (21) 246 (23)
  Pertuzumab 18 (< 1) 18 (2)
  Trastuzumab emtansine (T-DM1) 111 (3) 111 (10)

 Median follow-up  timed, years (IQR) 9.4 (6.8–11.0) 9.4 (6.8–11)
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Trastuzumab cessation and re‑starting 
among long‑term survivors

Of the 617 LTS with only one course of trastuzumab ther-
apy, 115 (19%) received other HER2-targeted therapies, 153 
(25%) received endocrine therapies, and 127 (21%) received 
chemotherapy following trastuzumab cessation; 180 (29%) 
continued on the first course until death or censor. Among 
the 465 patients with more than one course of trastuzumab, 
the first trastuzumab course ceased most often after 1 year 
following treatment initiation. The second trastuzumab 
course most often commenced between 1 and 2 years fol-
lowing initiation of treatment, though the timing of cessation 
and re-commencing treatment were fairly constant between 
years 1 and 5 of treatment (Supplementary Figure A). The 
median time from the cessation of the first course of trastu-
zumab to the start of the second course was 5.7 months (IQR 
2.7–17.1; Table 2).

Time off treatment

Most LTS (83%) had a period of time off HER2-targeted 
therapies, regardless of whether they re-started treatment 
later. The median time off HER2-targeted therapies was 
30.4 months (IQR 8.2–not reached; Table 2). During peri-
ods off HER2-targeted treatment, patients were most often 
dispensed capecitabine (15%), endocrine therapies (14%), 

and taxanes (10%). Most LTS (78%) also had a period of 
time during which they received no cancer medicines at 
all, lasting a median duration of 14.2 months (IQR 3.7–not 
reached).

Additionally, there were 280 (26%) LTS who spent more 
than 50% of the first 5 years from trastuzumab initiation off 
HER2-targeted therapy. The majority of these LTS (69%) 
received one course of trastuzumab lasting a median of 
13.3 months (IQR 8.4–16.7), and median time on all HER2-
targeted therapies was 14.9 months (IQR 12.4–22.2). While 
off HER2-targeted therapies, the most common dispensed 
treatments included endocrine therapies (12%), taxanes 
(7%), capecitabine (7%), but 84% of these LTS received no 
cancer treatments when off HER2-targeted therapy. All but 
12 of these patients remained off HER2-targeted therapies 
for > 50% of their observed survival time.

Discussion

In this population-based cohort study, we describe the larg-
est cohort of LTS with HER2+MBC treated with trastu-
zumab in the literature to date. We found 26% of women 
initiating trastuzumab for MBC lived five or more years. 
Several observational studies [5–14] have examined clin-
icopathological factors associated with long-term response/
survival in institution-based HER2+MBC cohorts, but they 

Fig. 2  Enlarged survival probability plot beginning from year 5 of treatment for long-term survivors
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did not examine treatment patterns over the long-term; our 
study provides these useful data for patients, clinicians, and 
policy makers.

Questions around the acceptability of discontinuing 
trastuzumab and other HER2-targeted therapies beyond 
a specific time point remain particularly relevant. Witzel 
et al. [9] found that interrupting trastuzumab was associated 
with significantly shorter progression-free survival (PFS), 
while Murthy et al. [6] reported data for three patients with 
OS times longer than 10 years who had been off HER2-
targeted therapy for over 9 years. We observed that most 
LTS experience periods of time off trastuzumab and other 
HER2-targeted therapies, and that the estimated median time 
off all HER2-targeted therapy was over 2 years. Moreover, 
there were 280 LTS who spent the majority of their survival 
time off HER2-targeted therapy. We were unable to adjust 
for clinical confounders, but our results suggest that some 
patients may be able to stop HER2-targeted therapies and 
still achieve long survival.

While LTS experienced breaks in treatment, they were 
treated for periods far longer than in clinical trials. The 

median duration of trastuzumab therapy was 5 years and LTS 
accounted for the majority (54%) of trastuzumab dispensed 
during the study period, despite comprising 26% of treated 
patients. While the long survival times are good news for 
patients, the extended treatment periods are unprecedented 
for cancer medicines outside of endocrine therapies, and 
would not have been anticipated at the time that trastuzumab 
was approved for public subsidy in Australia. This finding 
highlights the importance of this type of observational, post-
market research. The funding of HER2-targeted and other 
targeted cancer therapies is a major challenge facing current 
policy makers and medicine funding bodies [19, 20] and 
these inputs can help inform decisions around funding future 
targeted cancer therapies.

These extended treatment periods also emphasize the 
need for more research on the impact of long-term, cumu-
lative exposure to these medicines. The uncertainties sur-
rounding safety and continued efficacy associated with years 
of continuous treatment with HER2-targeted therapies high-
light the need to identify the patients for whom these medi-
cines might safely be discontinued, as well as the need for a 

Table 2  Treatment patterns for all patients (including long-term survivors) and long-term survivors

NR Not reached
a A course is defined as consecutive dispensings of trastuzumab closer in time than 90 days. A gap of > 90 days between trastuzumab dispensings 
was considered a break in trastuzumab therapy and the subsequent dispensing considered the start of a new course of therapy
b Time from trastuzumab initiation until death or censor

All patients Long-term survivors

Number of trastuzumab  coursesa, N (%)
 One course 4177 (100) 1082 (100)
 Two courses 1110 (20) 465 (43)
 Three or more courses 289 (5) 166 (15)

Median time on trastuzumab therapy, months (IQR)
 All treatment, excluding breaks 15.7 (6.9–34.7) 58.9 (27.6–89.1)
 First course 12.7 (5.3–26.1) 40.3 (14.1–75.2)
 Second course 7.9 (3.1–17.1) 14.5 (6.6–36.0)
 Third course and beyond (summed) 7.9 (2.9–14.7) 10.4 (4.3–25.8)

Median time from cessation of first trastuzumab course to initiation of second trastuzumab 
course, months (IQR)

5.0 (2.8–10.9) 5.7 (2.7–17.1)

Median proportions of observed survival  timeb on trastuzumab, % (IQR) 74 (49–94) 75 (33–96)
Median time on other HER2-targeted therapies, months (IQR)
 All treatment, excluding breaks 5.6 (2.7–10.9) 9.7 (4.2–22.1)
 Lapatinib 4.7 (2.4–8.6) 8.2 (3.7–16.3)
 Pertuzumab 10.1 (4.5–NR) 10.1 (4.5–NR)
 Trastuzumab emtansine (T-DM1) 8.1 (3.9–NR) 8.1 (3.9–NR)

Median time on all HER2-targeted therapies, including trastuzumab, months (IQR) 17.0 (7.4–38.7) 69.1 (35.6–124.5)
Median proportions of observed survival  timeb on all HER2-targeted therapies, including 

trastuzumab, % (IQR)
81 (56–96) 83 (39–97)

Median time off trastuzumab, months (IQR) 6.5 (1.3–17.7) 43.0 (14.9–NR)
Median time off all HER2-targeted therapies, months (IQR) 4.8 (1.0–13.9) 30.4 (8.2–NR)
Median number of unique chemotherapies dispensed per person, n (IQR) 2 (1–4) 2 (1–4)
Median proportion of survival time on chemotherapy, % (IQR) 40 (18–65) 13 (5–31)
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better understanding of the mechanisms of action for these 
medicines [21]. If continued blockade of the HER2/3 recep-
tors drives the survival gains associated with these medi-
cines, then continuous treatment is required. However, if 
efficacy is driven more by antibody-dependent cytotoxicity, 
there may be a point by which continued treatment does not 
provide additional survival benefit and may unnecessarily 
expose patients to treatment-related risks, such as cardio-
toxicity as well as the inconvenience of receiving treatment 
every 3 weeks.

Currently, it is not possible to pinpoint the characteristics 
of patients who are likely to be LTS, nor do we know how 
long to continue trastuzumab therapy in patients with stable 
disease. Several observational studies have investigated clin-
icopathological factors associated with long-term survival 
and/or prolonged response to treatment [5–14]. Because 
no consensual definition of “long-term survival/response” 
exists, these studies used a variety of outcome measures to 
define their cohorts: at least 5 years overall survival;[5, 6, 
12] greater than 1–3 years of progression-free survival;[7, 9, 
11, 14] duration of therapy;[8] and statistical methods;[10] 
and the reported results are similarly heterogeneous. 
Broadly, the clinical characteristics associated with long-
term survivors/responders in these studies included: better 
performance status, locoregional recurrences as opposed to 
distant metastases, fewer metastatic sites, and younger age 
at trastuzumab initiation. Measures such as hormone recep-
tor positivity and no prior adjuvant trastuzumab have been 
shown to be significantly associated with long-term survival/
response in some studies [6, 8, 10, 14] but not others [5, 
7, 9, 11]. One study examining molecular markers found 
that genes related to the PI3K pathway were associated with 
poorer response to trastuzumab and shorter survival [14]. 
The heterogeneity in cohort definitions and generally small 
sample sizes of these studies make it difficult to characterize 
the current understanding of long-term survival/response in 
HER2+MBC patients. A consistent definition of “long-term 
survival/response” for HER2+MBC would facilitate a more 
cohesive dialogue around this unique patient sub-group and 
help in future work to discern the clinical factors and bio-
markers that might identify LTS at the time of treatment 
initiation.

Comparing our study with such a diverse milieu of clini-
cal and genetic studies is challenging, but three studies [5, 
6, 12] used the same 5-year survival criterion applied in 
our study to define long-term survival. The proportion of 
patients surviving to 5 years in our population-based cohort 
(26%) is similar to those reported from these institution-
based studies (14.5, 33, and 31%, respectively). A longer 
5-year survival rate (54%) was reported in another recent 
dual-institution study; however, all 483 patients had de novo 
HER2+MBC and 20% received pertuzumab in addition to 
trastuzumab [13]. The only study to estimate median OS for 

patients surviving at least 5 years was that by Harano et al. 
[5], where the median OS for 5-year LTS was 92.2 months. 
This was shorter than our estimate of 138.9 months. Rea-
sons for this discrepancy may include differences in the sites 
and extent of metastases, treatments received, and the more 
recent time period for our study (2001–2016 as opposed to 
1994–2012). Previous research using our data demonstrated 
that median OS increased with time between 2001 and 2015 
[4].

The most recent HER2-targeted therapies—pertuzumab 
and T-DM1—became available in Australia from July 2015 
and few LTS in our study received pertuzumab (2%) or 
T-DM1 (10%). With the availability of these new therapies, 
it is likely that survival times for HER2+MBC patients diag-
nosed today will be longer than observed in our study. Pre-
vious trastuzumab treatment for early breast cancer (EBC) 
may be an important prognostic factor for patients initiating 
trastuzumab for MBC [22], but adjuvant trastuzumab was 
not subsidized in Australia until October 2006 and most 
patients in our study did not receive adjuvant trastuzumab.

The data for our study were collected for reimbursement 
and a lack of clinical information is their primary limita-
tion. We are unable to describe the clinical or molecular 
characteristics of our LTS and how these factors might differ 
from other patients initiating trastuzumab during the study 
period. We do not have data on date of MBC diagnosis, per-
formance status and extent of disease. We cannot determine 
how many of the LTS in our study had locoregional disease 
versus distant metastases. Similarly, we do not know if the 
tumor tested for HER2-amplification was from the primary 
tumor, or from a metastatic site. The strengths of this study 
include the size and representativeness of the national sam-
ple, as well as 14.5 years of observation time. Our cohort 
was selected from all women treated with publicly funded 
trastuzumab for HER2+MBC in Australia, which, given the 
high cost of trastuzumab, likely represents the vast majority 
of Australian women treated during the study period.

Conclusions

Our results provide generalizable estimates of OS, time on 
and off treatment, as well as the proportion of patients ini-
tiating HER2-targeted therapy that may expect to survive 
at least 5 years. HER2+MBC patients are living longer and 
with the availability of pertuzumab and T-DM1 survival 
times are likely to increase further. It will be many years 
before data are available allowing examination of long-term 
outcomes associated with their use and in the absence of 
these data our study provides useful baseline information. 
Our study highlights the fact that some patients can discon-
tinue trastuzumab treatment, but more research is needed 
to understand who might be able to do so, and when they 
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might be able to do it. Our results also emphasize the fact 
that patients can and do stay on HER2-targeted therapies 
for periods of time far beyond clinical trial estimates. Policy 
makers will need to take this into account when making 
subsidy decisions for new targeted therapies.
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