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Pertuzumab and trastuzumab with or without metronomic 
chemotherapy for older patients with HER2-positive 
metastatic breast cancer (EORTC 75111-10114): 
an open-label, randomised, phase 2 trial from the Elderly 
Task Force/Breast Cancer Group
Hans Wildiers, Konstantinos Tryfonidis, Lissandra Dal Lago, Peter Vuylsteke, Giuseppe Curigliano, Simon Waters, Barbara Brouwers, 
Sevilay Altintas, Nathan Touati, Fatima Cardoso, Etienne Brain

Summary
Background Despite the high incidence of metastatic breast cancer and its related mortality in the elderly population, 
our knowledge about optimal treatment for older patients with cancer is far from adequate. We aimed to evaluate the 
efficacy of dual anti-HER2 treatment with or without metronomic chemotherapy in older patients with HER2-positive 
metastatic breast cancer.

Methods We did a multicentre, open-label, randomised, phase 2 trial in 30 centres from eight countries in Europe, 
in patients with histologically proven, HER2-positive metastatic breast cancer, without previous chemotherapy for 
metastatic disease, who were 70 years or older, or 60 years or older with confirmed functional restrictions defined by 
protocol, and had a life expectancy of more than 12 weeks and a performance status according to WHO scale of 0–3. 
Eligible patients were randomly assigned (1:1) by an online randomisation system based on the minimisation 
method to receive metronomic oral cyclophosphamide 50 mg per day plus trastuzumab and pertuzumab, or 
trastuzumab and pertuzumab alone. Trastuzumab was given intravenously with a loading dose of 8 mg/kg, followed 
by 6 mg/kg every 3 weeks. Pertuzumab was given intravenously with a loading dose of 840 mg, followed by 420 mg 
every 3 weeks. Patients were stratified by hormone receptor positivity, previous HER2 treatment, and baseline 
geriatric screening. The primary endpoint was investigator-assessed progression-free survival at 6 months as per 
Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. A difference of 10% or greater between the two 
groups was sought. Efficacy analyses were by intention to treat; safety was assessed in all patients who received at 
least one dose of study treatment. In case of progression, all patients were offered trastuzumab emtansine. This trial 
is registered with ClinicalTrials.gov, number NCT01597414, and is completed.

Findings Between July 2, 2013, and May 10, 2016, 80 patients, of whom 56 (70%) had a potential frailty profile 
according to the geriatric screening G8 score (14), were randomly assigned to receive trastuzumab and pertuzumab 
(n=39) or trastuzumab and pertuzumab plus metronomic oral cyclophosphamide (n=41). Estimated progression-
free survival at 6 months was 46·2% (95% CI 30·2–60·7) with trastuzumab and pertuzumab versus 73·4% (56·6–84·6) 
with trastuzumab and pertuzumab plus metronomic oral cyclophosphamide (hazard ratio [HR] 0·65 [95% CI 
0·37–1·12], p=0·12). At a median follow-up of 20·7 months (IQR 12·5–30·4), the median progression-free survival 
was 5·6 months (95% CI 3·6–16·8) with trastuzumab and pertuzumab versus 12·7 months (6·7–24·8) with the 
addition of metronomic oral cyclophosphamide. The most frequent grade 3–4 adverse events were hypertension (in 
six [15%] of 39 patients in the trastuzumab and pertuzumab group vs five [12%] of 41 in the trastuzumab and 
pertuzumab plus metronomic oral cyclophosphamide group), diarrhoea (four [10%] vs five [12%]), dyspnoea 
(two [5%] vs four [10%]), fatigue (three [8%] vs two [5%]), pain (two [5%] vs two [5%]), and a thromboembolic event 
(0 [0%] vs four [10%]). Severe cardiac toxicities were occasionally observed in both groups. In the trastuzumab and 
pertuzumab group four patients died without progression, due to cardiac arrest during treatment (n=1), peritoneal 
infection (n=1), respiratory failure (n=1), and sudden death without a specified cause (n=1). In the trastuzumab and 
pertuzumab plus metronomic oral cyclophosphamide group, one patient died from heart failure.

Interpretation Addition of metronomic oral cyclophosphamide to trastuzumab plus pertuzumab in older and frail 
patients with HER2-positive metastatic breast cancer increased median progression-free survival by 7 months  
compared with dual HER2 blockade alone, with an acceptable safety profile. Trastuzumab and pertuzumab plus 
metronomic oral cyclophosphamide, followed by trastuzumab emtansine after disease progression, might delay or 
supersede the need for taxane chemotherapy in this population. 
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Introduction
Worldwide, nearly a third of breast cancer cases occur in 
patients older than 65 years, and in high-income countries 
this proportion rises to more than 40–50%.1 Despite the 
high incidence of cancer and its related mortality in the 
older population, our knowledge about ageing and cancer 
and about optimal treatment for older patients is far from 
adequate. The International Society of Geriatric Oncology 
(SIOG) has established guidelines on breast cancer 
treatment in older patients, but confirms that solid 
evidence is absent in many areas.2,3 This is largely because 
of a paucity of evidence-based data for older patients with 
breast cancer as a result of their under-representation in 
clinical trials.4 Many breast cancer clinical trials have 
tended to exclude older individuals on the basis of age, 
comorbidity, or both. However, older patients are just as 
willing as younger patients to participate in clinical trials 
if given the opportunity.5

HER2-positive metastatic breast cancer is an aggressive 
disease if left untreated, but important advancements in 
HER2-directed drug development have led to substantial 
improvements in outcomes. In the phase 3 CLEOPATRA 
study, addition of pertuzumab to trastuzumab and 
docetaxel significantly improved median progression-
free survival (from 12·4 months to 18·5 months; hazard 
ratio [HR] 0·65 [95% CI 0·54–0·78]; p<0·001) and 
median overall survival (from 40·8 months to 
56·5 months; HR 0·68 [0·56–0·84]; p<0·001] with 
limited additional toxicity, establishing a new first-line 
standard of care for this population.6 The addition of 
adjuvant pertuzumab to trastuzumab and chemotherapy 
has shown a small benefit in patients with early HER2-
positive disease.7

Docetaxel is a chemotherapeutic agent with well known 
and clinically relevant toxicity, including alopecia, 
neutropenia, neuropathy, and fatigue, affecting quality of 
life. Because of age-related changes in drug 
pharmacokinetics and pharmacodynamics,8 tolerance of 
chemotherapeutic drugs such as docetaxel might 
decrease in the older population9 and affect quality of 
life.10 In a palliative setting such as metastatic breast 
cancer, maintenance of quality of life and avoidance of 
substantial toxicity might be as important as improving 
survival. Introduction of HER2-directed therapies to 
classical chemotherapy raises the question of whether it 
is possible to treat patients with HER2-positive metastatic 
breast cancer with HER2-directed regimens without 
classical chemotherapy. In the neoadjuvant setting, the 
dual blockade of HER2 with pertuzumab plus 
trastuzumab has shown substantial antitumour activity.11 
Metronomic chemotherapy refers to treatment at regular, 
close intervals without prolonged breaks at doses 
substantially lower than the maximum tolerated dose.12 
Metronomic chemotherapy regimens, including oral 
cyclophosphamide, have been tested in metastatic breast 
cancer13,14 and showed clear antitumour activity with 
minimal toxicity. Trastuzumab emtansine is an antibody–
drug conjugate targeting HER2 by trastuzumab binding, 
followed by intracellular delivery of the cytotoxic agent 
emtansine, which has become the standard second-line 
therapy after the combination of a taxane plus 
trastuzumab with or without pertuzumab in patients 
with metastatic breast cancer based on major antitumour 
activity with minimal toxicity.15,16 Although the above 
mentioned regimens without classical chemotherapy are 
not age-specific, the fact that they are associated with 

Research in context

Evidence before this study 
We searched PubMed using the terms “trastuzumab”, 
“pertuzumab”, “HER2 positive”, and “metastatic breast cancer” 
for articles published between Jan 1, 2000, and Dec 31, 2012. 
Results were manually sorted and restricted to landmark 
findings about the appropriate treatment of HER2-positive 
metastatic breast cancer. Results of the phase 3 CLEOPATRA 
study, published in 2012, established docetaxel plus 
trastuzumab and pertuzumab as a new first-line standard of 
care for this population. However, docetaxel is a 
chemotherapeutic agent with well known and clinically 
relevant toxicity, affecting quality of life. It was also known that 
metronomic chemotherapy with oral cyclophosphamide is an 
active chemotherapy regimen with minor toxicity and is thus 
suitable for older patients. There were, however, no relevant 
data for the effects of metronomic cyclophosphamide 
combined with anti-HER2 therapy in patients with 
HER2-positive metastatic breast cancer. The present study 
started recruitment on July 2, 2013, to investigate whether 
anti-HER2 blockade alone could be adequately effective in this 

population or whether addition of a milder type of 
chemotherapy is required.

Added value of this study
The results of this study indicate that the benefit of avoiding 
the side-effects of chemotherapy with the use of dual 
anti-HER2 blockade alone does not compensate for the 
substantial loss of activity in the metastatic breast cancer 
setting. Antitumour activity seems to be higher when a 
low-intensity chemotherapy such as oral cyclophosphamide is 
added.

Implications of all the available evidence 
The phase 2 EORTC 75111-10114 study provides a scientific 
framework in support of more specific trials in the older 
population of patients with HER2-positive metastatic breast 
cancer. Further evaluation of trastuzumab and pertuzumab 
plus metronomic oral cyclophosphamide compared with 
trastuzumab and pertuzumab alone in a randomised 
phase 3 study should be considered, although financial support 
for such studies in the older population remains a challenge. 
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clear antitumour activity and manageable toxicity makes 
them suitable for older patients.

One of the major characteristics of older patients with 
cancer treated in clinical practice is the major 
heterogeneity observed among patients of the same 
chronological age. Geriatric assessment is a procedure 
developed by geriatricians to evaluate older patients’ 
functional and global health status, to identify and 
manage age-related problems, allowing clinicians to 
select patients more appropriately for therapy and to 
avoid futile therapy or overtreatment as well as 
undertreatment.17 The present study integrates geriatric 
assessment to better define the study population, to 
evaluate the prognostic capacity of geriatric assessment, 
and to evaluate geriatric functional evolution during 
therapy.

Given the need to develop new treatment strategies 
with limited toxicity for older patients with breast cancer, 
we aimed to examine the safety and activity of dual 
anti-HER2 treatment with or without metronomic 
chemotherapy in this population.

Methods
Study design and participants
EORTC 75111-10114 was an open-label, randomised, 
investigator-initiated, phase 2, selection trial done in 
30 centres from eight countries in Europe (appendix p 11). 

Eligible patients had histologically proven 
HER2-positive (immunohistochemistry 3+ [with a score 
ranging from 0 to 3+] or HER2 gene amplification by 
fluorescence, silver, or chromogenic in-situ hybridisation, 
based on local pathology assessment) metastatic breast 
cancer, a life expectancy of more than 12 weeks, and a 
performance status according to WHO scale of 0–3. 
Patients had not received previous chemotherapy for 
metastatic disease and were 70 years or older or 60 years 
or older with functional restriction defined as limitation 
in at least two of eight Instrumental Activities of Daily 
Living (IADL), one of six Activities of Daily Living (ADL), 
or a Charlson Comorbidity Index (CCI) score of more 
than 2 if they were aged 65–69 years, or a limitation in at 
least three of eight IADL, two of six ADL, or a CCI of 
more than 3 if they were aged 60–64 years. Treatment 
with up to one line of anti-HER2 therapy (trastuzumab or 
lapatinib) in combination with endocrine therapy (if 
hormone-sensitive) was allowed. Patients were also 
required to have measurable disease as per Response 
Evaluation Criteria In Solid Tumors, version 1.1 
(RECIST 1.1) or evaluable disease; and a left ventricular 
ejection fraction (LVEF) of 50% or greater. Patients with a 
history of significant cardiac disease defined as 
symptomatic congestive heart failure (classes II–IV 
according to the New York Heart Association 
classification) were not eligible for inclusion. Additionally, 
patients were excluded if they had a history of high-risk 
uncontrolled arrhythmias (ie, atrial tachycardia with a 
heart rate >100 beats per min at rest), significant 

ventricular arrhythmia such as ventricular tachycardia or 
higher grade atrioventricular block (ie, second degree 
atrioventricular block type 2 or third degree), history of 
previous myocardial infarction within 6 months before 
randomisation, clinically significant valvular heart 
disease, and angina pectoris requiring treatment. 
Patients with current, uncontrolled hypertension defined 
as persistent systolic blood pressure greater than 
180 mm Hg or diastolic blood pressure greater than 
100 mm Hg, or both, with or without medication were 
also excluded. Previous exposure to anthracyclines could 
not exceed 360 mg/m² for doxorubicin or liposomal 
doxorubicin, 720 mg/m² for epirubicin, 120 mg/m² for 
mitoxantrone, and 90 mg/m² for idarubicin. In cases 
where another anthracycline or more than one 
anthracycline were administered, the cumulative dose 
could not exceed the equivalent of 360 mg/m². Essential 
laboratory tests were done to assess an adequate 
haematological function (defined as an absolute 
neutrophil count of >1500 cells per mm³, platelet count 
of >100 000 cells per mm³, and haemoglobin of 
>85·0 g/L), adequate renal function (defined as 
glomerular filtration rate ≥30 mL/min), and adequate 
hepatic function (defined as a total bilirubin of ≤1·5 times 
the upper limit of normal, and aspartate aminotransferase, 
alanine aminotransferase, and alkaline phosphatase 
concentrations [in the absence of bone metastases] of 
≤2·5 times the upper limit of normal).

The protocol review committee of the European 
Organization for Research and Treatment of Cancer 
(EORTC) and the ethics committee at each participating 
site approved the study. The study was done in accordance 
with the protocol, good clinical practice guidelines, and 
the provisions stated in the Declaration of Helsinki. All 
patients provided written informed consent. The full 
protocol is available in the appendix.

Randomisation and masking
Patients were randomised (1:1) to receive either 
trastuzumab plus pertuzumab or trastuzumab and 
pertuzumab plus metronomic oral cyclophosphamide. 
Randomisation was stratified by hormone receptor 
positivity (oestrogen receptor [ER] or progesterone 
receptor [PgR] positive, or both ER and PgR positive, vs 
both negative), previous HER2 treatment (none vs 
adjuvant vs metastatic), and baseline geriatric screening 
by G8 geriatric assessment screening tool (G8≤14 vs 
G8>14). The randomisation procedure was centrally 
generated and transferred by the EORTC online 
randomisation system on the basis of the minimisation 
method. Neither patients nor investigators were masked 
to treatment allocation.

Procedures
Patients received metronomic oral cyclophosphamide 
50 mg per day without interruption plus intravenous 
trastuzumab (loading dose of 8 mg/kg, followed by 

See Online for appendix
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6 mg/kg every 3 weeks) and intravenous pertuzumab 
(loading dose of 840 mg, followed by 420 mg every 
3 weeks), or the same dose of trastuzumab and 
pertuzumab alone until disease progression or 
unacceptable toxicity. Dose reductions were not allowed. 
In case of treatment delay of 3 weeks or more, the patient 
would discontinue the protocol-specified treatment. 
Tumour evaluation was done every 9 weeks, independently 
of treatment delays. After disease progression, all patients 
could be treated as per standard practice at the physician’s 
discretion, but they were also given the option of receiving 
intravenous trastuzumab emtansine as part of the 
protocol treatment at the registered dose of 3·6 mg/kg 
every 3 weeks and continuing tumour evaluation every 
9 weeks. Dose reductions were allowed during 
trastuzumab emtansine treatment (two dose levels from 
3·6 mg/kg to 3·0 mg/kg and 2·4 mg/kg). Treatment 
cycles were defined as a 3-week period. During the study, 
cardiac monitoring was done with regular evaluation of 
LVEF every 9 weeks with the same method used at 
screening. This procedure was repeated if it was clinically 
indicated at any time during the study. For patients with 
progressive disease limited to the brain, a protocol 
amendment implemented in July 4, 2014, allowed 
continuation on the protocol treatment after local brain 
therapy.

The geriatric and functional assessments covered in 
this analysis are the G8 geriatric assessment screening 
tool (G8),18 CCI, IADL, ADL, Short Physical Performance 
Battery (SPPB), social situation, and Geriatric Depression 
Scale-4 (GDS-4).19 Quality of life was evaluated by the 
EORTC Quality of Life Questionnaire Core 30 items 
version 3.0 (QLQ-C30) and the EORTC Quality of Life 
Questionnaire Elderly Cancer Patients Core 14 items 
(QLQ-ELD-14). Assessments were done at baseline, and 
9 weeks, 27 weeks, and 1 year after treatment initiation 
independently of treatment evolution or change. Decline 
in functionality was defined as at least a 1-point decline 
in IADL (score range 0–8) or in ADL (score range 0–6) at 
1 year after treatment initiation. Geriatric assessment 
details can be found in the protocol (appendix). 

Adverse events were recorded from randomisation until 
30 days after the last protocol treatment; thereafter only 
treatment-related serious adverse events were collected. 
The National Cancer Institute Common Terminology 
Criteria for Adverse Events, version 4.0, was used for 
reporting of adverse events. Imaging was done every 
9 weeks regardless of drug delays, interruptions, or 
discontinuations, and response was based on RECIST 
version 1.1 as assessed by local investigator review. Tumour 
assessment included an evaluation of all disease sites and 
a CT or MRI scan of the chest and abdomen. Follow-up 
for any treatment-related toxicity, LVEF evaluation, 
geriatric assessment, and quality of life was done 28 days 
after the last study treatment. After stopping study 
treatment, patients were followed up for survival 
assessment every 3 months until death or loss to follow-up.

Outcomes
The primary endpoint was investigator-assessed 
progression-free survival at 6 months by RECIST 
version 1.1, defined as the proportion of patients who 
progressed or died from any cause in 6 months from the 
date of randomisation. Secondary endpoints were overall 
survival (defined as the time from the date of 
randomisation to the date of death from any cause), 
breast-cancer specific survival (defined as the time from 
randomisation to the time of death due to breast cancer; 
deaths from causes other than breast cancer were 
analysed as competing risks), and the proportion of 
patients who achieved a tumour response (defined as the 
proportion of patients with complete or partial response 
or stable disease as per RECIST 1.1 best response).

Other prespecified exploratory endpoints included the 
evolution of geriatric assessment during treatment, 
which used G8, IADL, and ADL scores plus social 
situation at different timepoints (baseline, 9 weeks, 
27 weeks, and 1 year after treatment initiation) regardless 
of treatment delays, interruption, or drug discontinuation. 
Decline in functionality was defined as at least a 1-point 
decline in IADL or at least a 1-point decline in ADL at 
1 year after treatment initiation.

Progression-free survival outside the brain was defined 
similarly to progression-free survival (with brain lesion 
measurements not taken into account) and calculated 
from the time of brain-only progression. In the 
trastuzumab emtansine population, progression-free 
survival was defined as the time from the start of 
trastuzumab emtansine treatment to further disease 
progression or death, and tumour response after starting 
trastuzumab emtansine was defined as the proportion of 
patients with complete or partial response or stable 
disease as per RECIST version 1.1 as best response.

Additional assessments included the predictive value 
of geriatric assessments for toxicity. Quality of life 
parameters will be reported elsewhere.

Statistical analysis
The trial followed a Sargent and Goldberg screening 
design.20 Both treatment groups were compared for 
progression-free survival at 6 months with the aim of 
assessing whether one of the groups seemed superior 
and promising for further development. If the difference 
in the estimate of progression-free survival at 6 months 
was 10% or more, the more promising group would be 
selected as the most favourable treatment for the 
primary hypothesis. Assuming that progression-free 
survival at 6 months for one group is 55%, and for the 
other group 40%, a sample size of 40 patients per group 
would result in an estimated probability of selecting the 
better treatment group of 0·81. With this design, there 
was a 63·5% chance of observing at least a 10% difference 
favouring the best regimen.

Efficacy analyses were done on the intention-to-treat 
population (all randomised patients) and safety analyses 
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were done on the safety population (all patients who 
received at least one dose of study treatment). Progression-
free survival was summarised by the empirical distribution 
function for interval censored data.21 If death or disease 
progression were observed, the patient was censored on 
the date of the last follow-up examination. In the case of 
individual null survival time values, which hinder a correct 
estimation with the interval-censored method, exclusion 
of the corresponding patients was applied. Post-hoc 
sensitivity analyses were done to ensure consistency of the 
primary results by considering the compromising time 
values as 0·5 instead of zero. Overall survival was 
summarised with the Kaplan-Meier approach, while 
breast-cancer-specific survival referred to the cumulative 
incidence method with non-breast-cancer-related deaths 
analysed as competing risks. Responses were calculated 
according to RECIST version 1.1 on the corresponding 
per-protocol population (defined as all patients who 
started their allocated treatment) with measurable disease 
at baseline. Progression-free survival outside the brain 
after brain-only relapse was restricted to patients who 
progressed only in the brain and continued their current 
treatment (trastuzumab and pertuzumab alone, 
trastuzumab and pertuzumab plus metronomic oral 
cyclophosphamide, or trastuzumab emtansine). Evolution 
of geriatric assessment scores was evaluated through the 
estimated mean and corresponding 95% CIs at each 
timepoint. No formal comparative analysis was done.

Multivariable analyses were done on the intention-to-treat 
population to identify potential prognostic factors related 
to progression-free survival (interval-censored regression 
models) and overall survival (Cox regression models). The 

baseline prognostic factors initially considered were: age, 
WHO performance status, ER status, PgR status, previous 
HER2 treatment, organ involvement (lymph nodes, soft 
tissue, visceral, and skeletal involvement), baseline scores 
for all geriatric assessments (GDS-4 score, G8 score, 
CCI score, ADL score, IADL score, SPPB score), and social 
situation. Factors included in the final multivariable model 
were identified by a backward selection procedure 
removing, one at a time, the covariates with a Wald test 
p value greater than 0·10.

Analyses were done with SAS software, version 9.4.
This trial is registered with ClinicalTrials.gov, number 

NCT01597414.

Role of the funding source
F Hoffmann-La Roche provided the study drugs and 
provided financial support, but had no other role in the 
study. The EORTC as the sponsor of the study was involved 
in protocol development, data collection, and statistical 
analysis. The statistician (NT) and KT had full access to the 
raw data. The first draft of the manuscript was prepared by 
HW and reviewed by all co-authors and the funder. All 
authors equally contributed to data collection, data 
analysis, data interpretation, and writing, reviewing, and 
approving the final version of the manuscript. The 
corresponding author had full access to the data and in 
agreement with the EORTC had final responsibility for the 
decision to submit for publication.

Results
Between July 2, 2013, and May 10, 2016, 80 patients were 
enrolled, randomly assigned, and started their allocated 

80 patients evaluated and randomly allocated

15 patients started trastuzumab
emtansine treatment

2 excluded: previous medical
history including secondary
cancer

41 patients randomly assigned to
the trastuzumab and  
pertuzumab plus metronomic 
cyclophosphamide group and 
started allocated treatment

39 eligible patients in per-protocol
population
36 with measurable disease

3 without measurable disease

41 patients included in
intention-to-treat and safety
analyses

39 patients included in
intention-to-treat and safety
analyses

14 patients started trastuzumab
emtansine treatment

1 excluded: age <70 years with 
no fulfilled ADL or IADL or CCI
criteria per protocol

39 patients randomly assigned to
the trastuzumab plus 
pertuzumab group and started 
allocated treatment

38 eligible patients in per-protocol
population
36 with measurable disease

2 without measurable disease

Figure 1: Trial profile
ADL=Activities of Daily Living. IADL=Instrumental Activities of Daily Living. CCI=Charlson Comorbidity Index.
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treatment: 39 in the trastuzumab and pertuzumab group 
and 41 in the trastuzumab and pertuzumab plus 
metronomic oral cyclophosphamide group (figure 1). 
Three (4%) of 80 patients were not eligible according to 
the protocol: two patients because of previous medical 
history including secondary cancers and one patient 
younger than 70 years with no fulfilled ADL, IADL, or 
CCI criteria as per protocol. Baseline characteristics were 
well balanced between the treatment groups at baseline 
(table 1). A potential frailty profile was present in 56 
(71%) of 79 patients based on geriatric screening with G8 
(≤14), and in 57 (81%) of 70 patients based on SPPB (≤9). 

The median number of trastuzumab and pertuzumab 
cycles received was six (range 1–42) in the trastuzumab 
and pertuzumab group and 13 (1–50) in the trastuzumab 
and pertuzumab plus metronomic oral cyclophosphamide 
group; the median number of metronomic oral cyclo-
phosphamide cycles administered in the trastuzumab 
and pertuzumab plus metronomic oral cyclophosphamide 
group was 13 (1–45; appendix p 3). At the time of clinical 

Trastuzumab 
plus pertuzumab 
group (n=39)

Trastuzumab and 
pertuzumab plus 
metronomic 
cyclophosphamide 
group (n=41)

Median age, years (IQR); range 76·2 (71·3–81·4); 
61·4–91·4

77·3 (72·8–89·6); 
67·7–89·6

WHO performance status (physical examination)

0 10 (26%) 17 (42%)

1 17 (44%) 17 (42%)

2 8 (21%) 7 (17%)

3 4 (10%) 0

Hormone receptor positivity

ER-negative and PgR-negative 12 (31%) 13 (32%)

ER-positive or PgR-positive, 
or both

27 (69%) 28 (68%)

Previous (neo)adjuvant chemotherapy* or anti-HER2 therapy

No previous line 29 (74%) 35 (88%)

≥1 lines 10 (26%) 5 (13%)

Data missing 0 1

Previous anti-HER2 therapy for metastatic breast cancer

No 36 (92%) 36 (90%)

Yes 3 (8%) 4 (10%)

Data missing 0 1

Previous adjuvant endocrine therapy

No 24 (62%) 31 (78%)

Yes 15 (39%) 9 (23%)

Data missing 0 1

Previous endocrine therapy for metastatic breast cancer

No 33 (87%) 35 (88%)

Yes 5 (13%) 5 (13%)

Data missing 1 1

Previous breast surgery

No 17 (44%) 22 (54%)

Palliative intent 1 (3%) 2 (5%)

Curative intent 21 (54%) 17 (42%)

Visceral involvement

No 1 (3%) 4 (10%)

Yes 38 (97%) 36 (90%)

Data missing 0 1

G8 score at baseline

≤14 28 (72%) 28 (70%)

>14 (normal) 11 (28%) 12 (30%)

Data missing 0 1

CCI score at baseline

0 (normal) 20 (51%) 27 (68%)

1 or 2 15 (39%) 10 (25%)

>2 4 (10%) 3 (8%)

Data missing 0 1

ADL score at baseline

≤3 4 (10%) 2 (5%)

4 or 5 9 (23%) 10 (25%)

6 (normal) 26 (67%) 28 (70%)

Data missing 0 1

(Table 1 continues in next column)

Trastuzumab 
plus pertuzumab 
group (n=39)

Trastuzumab and 
pertuzumab plus 
metronomic 
cyclophosphamide 
group (n=41)

(Continued from previous column)

IADL score at baseline

≤3 6 (15%) 7 (18%)

4 or 5 7 (18%) 5 (13%)

6–8 (normal) 26 (67%) 28 (70%)

Data missing 0 1

SPPB score at baseline

Frail (≤7) 20 (59%) 17 (47%)

Pre-frail (8–9) 9 (27%) 11 (31%)

Normal (10–12) 5 (15%) 8 (22%)

Data missing 5 5

Social situation

At home by myself 14 (38%) 19 (49%)

At home with someone 19 (51%) 19 (49%)

Institutional care 4 (11%) 1 (3%)

Data missing 2 2

GDS-4 score at baseline

0 (normal) 9 (23%) 16 (41%)

1 12 (31%) 14 (36%)

2 7 (18%) 7 (18%)

3–4 11 (28%) 2 (5%)

Data missing  0 2

Data are n (%) unless otherwise stated. Percentages may not add up to 
100% because of rounding. The displayed percentages do not include missing 
values. ER=oestrogen receptor. PgR=progesterone receptor. G8=G8 geriatric 
assessment screening tool. CCI=Charlson Comorbidity Index. ADL=Activities of 
Daily Living. IADL=Instrumental Activities of Daily Living. SPPB=Short Physical 
Performance Battery. GDS-4=Geriatric Depression Scale 4 items. *With or without 
anti-HER2 therapy.

Table 1: Baseline characteristics
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cutoff (Jan 1, 2017), 20 (25%) of 80 patients were still on 
treatment (nine in the trastuzumab and pertuzumab 
group and 11 in the trastuzumab and pertuzumab plus 
metronomic oral cyclophosphamide group). In the 
trastuzumab and pertuzumab group, 12 (31%) of 
39 patients required a trastuzumab and pertuzumab 
dose delay. In the trastuzumab and pertuzumab plus 
metronomic oral cyclophosphamide group, 16 (39%) of 
41 patients required a trastuzumab and pertuzumab dose 
delay, and 22 (54%) a cyclophosphamide interruption. 
29 (36%) of 80 patients received trastuzumab emtansine 
as second-line treatment, 14 after trastuzumab and 
pertuzumab and 15 after trastuzumab and pertuzumab 
plus metronomic oral cyclophosphamide (figure 1); 
11 (38%) of 29 patients required dose reduction of 
trastuzumab emtansine (four previously in the 
trastuzumab and pertuzumab plus metronomic oral 
cyclophosphamide group, seven previously in the 
trastuzumab and pertuzumab plus metronomic oral 
cyclophosphamide group).

Efficacy outcomes are summarised in table 2. In the 
intention-to-treat population, overall median follow-up 
was 20·7 months (IQR 12·5–30·4). Estimated 
progression-free survival at 6 months was 46·2% 
(95% CI 30·2–60·7) for trastuzumab and pertuzumab 
versus 73·4% (56·6–84·6) for trastuzumab and 
pertuzumab plus metronomic oral cyclophosphamide 
(HR 0·65 [95% CI 0·37–1·12]; p=0·12; figure 2A), 
leading to a difference of 27·2% with the addition of 
metronomic oral cyclophosphamide and reaching the 
10% difference threshold required by the protocol 
primary hypothesis. Progression-free survival did not 
differ significantly between the two groups, but this 
study design was not powered for a direct treatment 
comparison. Median progression-free survival is shown 
in table 2. In the trastuzumab and pertuzumab group, 
23 (59%) of 39 patients progressed and four (10%) died 
without progression. In the trastuzumab and 
pertuzumab plus metronomic oral cyclophosphamide 
group, 23 (56%) of 41 patients had progressive disease 
and one (2%) died without progression. One patient 
from the trastuzumab and pertuzumab plus metronomic 
oral cyclophosphamide group was not included in the 
progression-free survival analysis because this patient 
stopped treatment because of an infusion-related 
reaction and was lost to follow-up at that timepoint, 
leading to a null survival value, which is not compatible 
with the interval-censored method. Sensitivity analyses 
were done by considering the patient as being lost to 
follow-up at 0·5 days instead of zero— allowing survival 
function estimation on all patients— and indicated that 
this exclusion did not change the primary conclusion 
(appendix p 14). 

Overall survival at 1 year was similar between the two 
groups (83·8% [95% CI 67·3–92·4] for trastuzumab and 
pertuzumab plus metronomic oral cyclophosphamide vs 
67·3% [49·4–80·0] for trastuzumab and pertuzumab; 

Trastuzumab plus 
pertuzumab group

Trastuzumab and 
pertuzumab plus 
metronomic 
cyclophosphamide 
group

Starting from protocol treatment administration

Number of patients per group n=39 n=41

Median follow-up, months (95% CI) 23·1 (3·6–16·8) 16·6 (6·7–24·8)

Progression-free survival status

Alive (no progression) 12 (31%) 17 (42%)

Progression (followed or not followed by death of any 
cause)

23 (59%) 23 (56%)

Death without progression 4 (10%) 1 (2%)

Progression-free survival at 6 months* (95% CI) 46·2% (30·2–60·7) 73·4% (56·6–84·6)

Median progression-free survival, months* (95% CI) 5·6 (3·6–16·8) 12·7 (6·7–24·8)

Overall survival status

Alive 24 (62%) 27 (66%)

Death (all cause) 15 (39%) 14 (34%)

Overall survival at 1 year (95% CI) 67·3% (49·4–80·0) 83·8% (67·3–92·4)

BCSS status

Alive 24 (62%) 27 (66%)

Death from breast-cancer-specific causes 9 (23%) 11 (27%)

Death from non-breast-cancer causes 6 (15%) 3 (7%)

BCSS cumulative incidence at 1 year (95% CI) 23·4% (8·0–38·7) 16·5% (4·3–28·7)

Response†, n/N 16/36 (44%) 19/36 (53%)

Complete response 1 (3%) 1 (3%)

Partial response 15 (42%) 18 (50%)

Stable disease 12 (33%) 12 (33%)

Progressive disease 4 (11%) 4 (11%)

Early death 2 (6%) 0

Not evaluable 2 (6%) 1 (3%)

Starting from trastuzumab emtansine administration

Number of patients per group n=14 n=15

Median follow-up from trastuzumab emtansine 
administration, months (95% CI) 

23·7 (3·5–29·5) 16·3 (8·3–18·4)

Progression-free survival status

Alive (no progression) 5 (36%) 5 (33%)

Progression (followed or not followed by death of any 
cause)

7 (50%) 8 (53%)

Death without progression 2 (14%) 2 (13%)

Progression-free survival at 6 months (95% CI) 55·5% (25·7–77·5) 43·9% (18·1–67·3)

Median progression-free survival, months (95% CI) 6·7 (1·8–15·2) 5·0 (2·5–15·9)

Response‡, n/N 2/14 (14·3%) 2/15 (13·3%)

Partial response 2 (14%) 2 (13%)

Stable disease 4 (29%) 3 (20%)

Progressive disease 1 (7%) 0

Early death 7 (50%) 9 (60%)

Not evaluable 0 1 (7%)

Data are n (%), unless otherwise stated. Estimations for progression-free survival were calculated by the interval-
censored method, overall survival by use of the Kaplan-Meier method, and breast-cancer-specific survival (BCSS) by use 
of the cumulative incidence method for competing risks. *One patient in the trastuzumab and pertuzumab plus 
metronomic oral cyclophosphamide group was excluded from the interval-censored analysis because she had received 
trastuzumab and pertuzumab treatment during the first day but immediately stopped because of toxicity and 
withdrew consent. †On all per-protocol patients with measurable disease at baseline. ‡On all patients who had 
measurable disease at the start of trastuzumab emtansine administration.

Table 2: Efficacy outcomes
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HR 0·92 [95% CI 0·44–1·91], p=0·83; table 2, figure 2B), 
as was breast-cancer-specific survival cumulative 
incidence at 1 year (23·4% [95% CI 8·0–38·7] for 
trastuzumab and pertuzumab vs 16·5% [4·3–28·7] for 
trastuzumab and pertuzumab plus metronomic oral 
cyclophosphamide; HR 1·10 [95% CI 0·47–2·58], 
p=0·83; table 2; appendix p 8). Of the 15 observed deaths 
in the trastuzumab and pertuzumab group, 
nine (60%) were due to breast cancer progression and 
six (40%) from other causes not related to breast cancer. 
Of the 14 observed deaths in the trastuzumab and 
pertuzumab plus metronomic cyclophosphamide group, 
ten (71%) were due to breast cancer progression, 

one (7%) due to potential toxicity, and three (21%) from 
other causes not related to breast cancer.

The proportion of patients who had an overall response 
among those with measurable disease was 44% (16 of 36) 
in the trastuzumab and pertuzumab group and 
53% (19 of 36) in the trastuzumab and pertuzumab plus 
metronomic oral cyclophosphamide group (table 2). 
One (3%) complete response was achieved in each group.

29 (36%) of 80 patients received trastuzumab 
emtansine as second-line treatment (14 previously 
treated in the trastuzumab and pertuzumab group and 
15 in the trastuzumab and pertuzumab plus metronomic 
oral cyclophosphamide group), with an overall 
progression-free survival at 6 months of 49·5% (95% CI 
29·2–66·9) and a median progression-free survival of 
5·0 months (95% CI 2·5–12·5) after starting 
trastuzumab emtansine. The overall response, 
progression-free survival at 6 months, and median 
progression-free survival after starting trastuzumab 
emtansine for patients in each first-line therapy group 
are shown in table 2. 15 (52%) of 29 patients progressed 
after trastuzumab emtansine administration, of whom 
12 (80%) died afterwards (table 2). Of the 16 patients 
who died in the trastuzumab emtansine cohort, 
four (25%) died from causes not related to breast cancer. 
17 (37%) of 46 patients who progressed during protocol 
treatment did not receive subsequent trastuzumab 
emtansine within the study. Among these 17 patients, 
12 (71%) received subsequent antitumour therapies 
including chemotherapy (n=4, 24%), radiotherapy 
(n=5, 29%), hormone therapy (n=3, 18%), and targeted 
therapy (n=5, 29%).

Evolution of geriatric assessment over time is shown in 
figure 3. Among patients with ADL or IADL information 
at 1 year, no relevant difference in functional evolution 
between treatment groups was observed; five (45%) of 
11 patients in the trastuzumab and pertuzumab group 
and seven (39%) of 18 in the trastuzumab and 
pertuzumab plus metronomic oral cyclophosphamide 
group had a decline in functionality.

Based on multivariable analyses, the final prognostic 
factors for progression-free survival were IADL score, 
lymph node involvement, and skeletal involvement 
(appendix p 4). The final prognostic factors identified for 
overall survival were social situation, G8 score, IADL score, 
and visceral involvement (appendix p 6). G8 score, which 
was also a stratification factor for this study, was prognostic 
for both progression-free survival and overall survival 
(appendix pp 12–13); a high score was found to be 
associated with favourable overall survival (overall survival 
at 1 year was 100% with G8 score >14 vs 67% [95% CI 
52–78] with G8 score ≤14; HR 0·12 [95% CI 0·03–0·55], 
p=0·01). Further details on the prognostic models are 
shown in the appendix (pp 4–7, 12–13).

Table 3 shows all grade 4 and 5 adverse events, as well 
as any grade adverse events in 20% or more patients, 
during protocol treatment in each group as reported by 
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Figure 2: Progression-free survival and overall survival
(A) Ratios correspond to progression-free survival at 6 months (95% CI) as per investigator’s assessment. 
Estimated by use of the interval-censored method, which is unable to display numbers of patients at risk at an 
exact timepoint. (B) Ratios correspond to overall survival at 1 year (95% CI). HR=hazard ratio.
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investigators. In the safety population, at least 
one grade 3–5 adverse event was reported during protocol 
treatment in 21 (54%) of 39 patients in the trastuzumab 
and pertuzumab group and in 23 (56%) of 41 in the 

trastuzumab and pertuzumab plus metronomic oral 
cyclophosphamide group. Nine (23%) of 39 patients in 
the trastuzumab and pertuzumab group and 18 (44%) of 
41 in the trastuzumab and pertuzumab plus metronomic 

Figure 3: Evolution of 
geriatric assessments by 
treatment group
Data are presented as means 
and error bars are 95% CIs. 
G8=geriatric assessment 
screening tool. SPPB=Short 
Physical Performance Battery. 
ADL=Activities of Daily Living. 
GDS-4=Geriatric Depression 
Scale 4 items. 
IADL=Instrumental Activities 
of Daily Living. 
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oral cyclophosphamide group had at least one potential 
treatment-related grade 3–5 adverse event. In the 
trastuzumab and pertuzumab group, one patient died 
during treatment because of cardiac arrest, one died from 
peritoneal infection, one died from respiratory failure, 
and one had sudden death without specified cause. In the 
trastuzumab and pertuzumab plus metronomic oral 
cyclophosphamide group, one patient died from heart 
failure, which was potentially drug-related. Additional 
cardiac events were reported in two patients who had a 
grade 3 heart failure (trastuzumab and pertuzumab plus 
metronomic oral cyclophosphamide group), two patients 
with a grade 3 left ventricular systolic dysfunction (one in 
each group), two patients who developed grade 3 atrial 
fibrillation (two in the trastuzumab and pertuzumab plus 
metronomic oral cyclophosphamide group) and 
two patients who developed 10% or greater asymptomatic 
left ventricular ejection fraction decrease to lower than 
50% (one in each group). The most frequent 
grade 3–4 adverse events were hypertension (in 
six [15%] of 39 patients in the trastuzumab and 
pertuzumab group vs five [12%] of 41 in the trastuzumab 
and pertuzumab plus metronomic oral cyclophosphamide 
group), diarrhoea (four [10%] vs five [12%]), dyspnoea 
(two [5%] vs four [10%]), fatigue (three [8%] vs two [5%]), 
pain (two [5%] vs two [5%]), and a thromboembolic event 
(0 [0%] vs four [10%]; appendix pp 15–19). Lymphopenia 
grade 3 or worse was observed in one (3%) patient in the 
trastuzumab and pertuzumab group versus 15 (37%) in 
the trastuzumab and pertuzumab plus metronomic oral 
cyclophosphamide group. Other grade 3 or worse adverse 
events reported in at least one patient in both groups 
were infusion-related reaction, pneumonitis, pleural 
effusion, urinary tract infection, paresthesia, neurological 
deficiency, hip fracture, and elevation of the liver enzyme 
alanine aminotransferase; in the trastuzumab and 
pertuzumab group only, these were constipation, allergic 
reaction, bacteraemia, skin infection, hypoglycaemia, 
seizure, hyperuricaemia, sinus bradycardia, confusion, 
hallucinations, acute kidney injury, and peripheral 
ischaemia; and in the trastuzumab and pertuzumab plus 
metronomic oral cyclophosphamide group only these 
were gastroenteritis, myelodysplastic syndrome, muscle 
weakness of lower limb, bronchial stricture, 
bronchospasm, anxiety, nausea, aspiration, thoracic pain, 
anorexia, hyponatraemia, anaemia, and neurological 
disorders including peripheral motor neuropathy, and 
cognitive disorders. (appendix pp 15–19). Grade 1–2 adverse 
events observed during treatment are summarised in the 
appendix (pp 15–19) and several were considered by the 
investigators as non-treatment related, since they can be 
expected in older patients with various comorbidities.

At least one grade 3–5 adverse event was reported in 14 
(38%) of 29 patients who received second-line treatment 
with trastuzumab emtansine. One (3%) patient died 
because of pneumonitis and one from cachexia. Other 
grade 3 or worse adverse events reported in more than 
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one patient during trastuzumab emtansine treatment 
included lymphopenia (four [15%] of 27 reported 
laboratory values), fatigue (three [10%] of 29 patients), 
and anorexia (two [7%] of 29). All other grade 1–3 or 
worse adverse events reported in these patients are 
shown in the appendix (pp 15–19). 

In 60 (75%) of 80 patients who discontinued protocol 
treatment, 37 (62%) stopped because of disease 
progression, nine (15%) because of toxicity, six (10%) 
because of the patient’s decision, three (5%) because of 
death from other causes, two (3%) because of a secondary 
malignancy, two (3%) for other reasons, and one (2%) 
patient was lost to follow-up (appendix p 3).

Toxicity-related reasons for stopping treatment were 
cardiac (n=2) and diarrhoea (n=1) in the trastuzumab and 
pertuzumab group, and general decline (n=3), cardiac 
(n=2), and infusion reaction (n=1) in the trastuzumab and 
pertuzumab plus metronomic oral cyclophosphamide 
group. 11 patients (27%) stopped metronomic oral 
cyclophosphamide definitely before stopping pertuzumab 
and trastuzumab, because of toxicity (n=8), patient 
decision (n=1), or unknown reasons (n=2).

Seven (9%) of 80 patients had brain-only relapse during 
protocol treatment: two (5%) of 39 on trastuzumab and 
pertuzumab alone, four (10%) of 41 on trastuzumab and 
pertuzumab plus metronomic oral cyclophosphamide, 
and one (3%) of 29 on secondary treatment with 
trastuzumab emtansine (primary therapy trastuzumab 
plus pertuzumab) who was the only patient to continue 
current systemic treatment after local brain therapy. 
No patients permanently discontinued trastuzumab 
emtansine treatment because of toxicity.

Discussion
Pertuzumab is an approved first-line therapy for patients 
with HER2-positive metastatic breast cancer in 
combination with trastuzumab and docetaxel. Older 
patients are at increased risk of chemotherapy-induced 
toxicity, raising interest in a backbone less toxic than 
docetaxel, such as metronomic chemotherapy, or 
chemotherapy-free, dual HER2 blockade regimens. The 
results of this phase 2 randomised selection study show 
that the trastuzumab and pertuzumab regimen is active in 
this setting, with a 6-month progression-free survival 
of 46·2% (95% CI 30·2–60·7) and median progression-
free survival of 5·6 months (95% CI 3·6–16·8). However, 
the addition of metronomic cyclophosphamide to 
trastuzumab and pertuzumab increased 6-month 
progression-free survival to 73·4% (95% CI 56·6–84·6) 
and median progression-free survival to 12·7 months 
(6·7–24·8). The study met its primary endpoint, showing a 
difference of 10% or more in progression-free survival 
between the two groups. Additionally, subsequent treatment 
with trastuzumab emtansine in 29 (36%) patients who 
progressed after trastuzumab and pertuzumab with or 
without metronomic oral cyclophosphamide was shown to 
be active and well tolerated, with an overall progression-free 

survival at 6 months of 49·5% (95% CI 29·2–66·9) and 
median progression-free survival of 5·0 months (95% CI 
2·5–12·5) after starting trastuzumab emtansine.

The results of this study indicate that the benefit of 
avoiding the side-effects of chemotherapy with the use of 
dual anti-HER2 blockade only does not compensate for 
an important loss of activity in the metastatic setting. The 
trastuzumab plus pertuzumab regimen alone has some 
antitumour activity, and biomarkers identifying the small 
subgroup of patients with long-term benefit on this 
regimen alone would be relevant, but antitumour activity 
seems to be much higher when chemotherapy—
irrespective of type—is added to trastuzumab plus 
pertuzumab. Metronomic chemotherapy with low-dose 
cyclophosphamide has been shown to downregulate 
(immunosuppressive) regulatory T cells,22 potentially 
enhancing antibody-dependent cell-mediated cytotoxicity 
induced by the dual blockade. One could argue that the 
median progression-free survival of 12·7 months in this 
study is lower than would be expected compared with the 
median progression-free survival in the CLEOPATRA 
study in patients treated with dual HER2 blockage plus 
docetaxel.6 However, cross-trial comparisons should be 
made with caution since patient populations in terms of 
trastuzumab pre-treatment, age, and levels of frailty were 
different between the two trials. Of 29 patients who died 
during first-line protocol treatment, five did so without 
progression, which also accounts for a progression-free 
survival event, and occurrence of this type of event is 
higher in an older study population than in younger 
cohorts. Moreover, despite the low number of 
grade 3 toxicity events observed in both groups in this 
trial, 23 (38%) of 60 patients stopped first-line protocol 
treatment because of reasons other than progressive 
disease. In older patients, there could be several reasons 
for premature treatment withdrawal before progression. 
Grade 1 or 2 toxicities can be debilitating for older 
patients;22 other non-breast-cancer related medical 
problems might occur and lead to study withdrawal; and 
there might be social or practical reasons why regular 
visits to the hospital could become difficult. Therefore, 
median progression-free survival might be longer with 
trastuzumab plus pertuzumab and metronomic oral 
cyclophosphamide in elderly patients capable of 
continuing the therapy until progression occurs.

The favourable toxicity profile of both trastuzumab and 
pertuzumab alone and trastuzumab and pertuzumab plus 
metronomic oral cyclophosphamide are a major asset of 
these regimens. Quality of life might be even more 
important than survival duration in older patients. Notably, 
no grade 3 febrile neutropenia was reported. However, 
diarrhoea was observed in a high proportion of patients, 
which might explain some of the premature stopping of 
trastuzumab and pertuzumab treatment before 
progression. Continuous grade 1–2 diarrhoea can be 
debilitating22 for older patients who are more prone to 
dehydration, and thus should be followed up more closely 
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than in younger patients. Notably, toxicity as well as 
functional and geriatric assessment evolution were similar 
between both groups; metronomic oral cyclophosphamide 
therefore seems to increase antitumour activity with 
limited additional toxicity. An elevated incidence of 
grade 3–4 lymphopenia (37%) was observed when 
metronomic oral cyclophosphamide was added, probably 
related to the effect of cyclophosphamide alone, but it did 
not have substantial clinical consequences.

The activity and toxicity observed with second-line use 
of trastuzumab emtansine were as expected from 
previous studies done in general populations with 
metastatic breast cancer. No unexpected toxicities have 
been observed in this older population, making this drug 
an attractive second-line regimen in this setting.

One of the major strengths of this study was the use of 
an older population in which clinical frailty was 
measured and followed up in detail. Most trials in 
general cohorts include some older patients, but 
information about the clinical frailty of that sub-
population is absent in almost all cases and conclusions 
made on the basis of these subanalyses cannot be 
extrapolated to the older population overall. Geriatric 
assessment in the present study showed a large 
proportion (more than two-thirds) of potentially frail, 
older patients in the population enrolled. Unsurprisingly, 
clinical frailty as estimated by G8 was a strong prognostic 
factor for overall survival. This kind of tool can thus help 
clinicians and patients to make individual treatment 
decisions and future plans. Geriatric evaluation by G8 
also allowed stratification of the two groups, avoiding 
imbalances related to frailty at inclusion. Detailed quality 
of life analyses and their relation with geriatric evaluation 
will be reported elsewhere at a later stage.

Unsurprisingly, nine (31%) of 29 observed deaths were 
not caused by breast cancer. Older people often have 
comorbidities, as shown by the fact that 32 (41%) of 80 had 
severe comorbidity according to the CCI score (a score of 
≥1), and probably a higher number of patients had other 
moderate comorbidities not captured by this tool. This 
finding confirms our hypothesis that starting upfront 
with less toxic regimens (no classical taxane-based 
chemotherapy) might delay or even supersede the 
subsequent use of taxanes in a substantial proportion of 
older patients.

This study has some limitations. First, this was a 
selection phase 2 study and further evaluation of 
trastuzumab and pertuzumab plus metronomic oral 
cyclophosphamide versus trastuzumab and pertuzumab 
alone in a randomised phase 3 study is warranted. As 
such, this study does not provide robust justification for a 
change in practice. However these findings do give a 
scientific framework for supporting more specific trials in 
the older population. We believe a phase 3 trial would be 
feasible on the basis of the rate of recruitment of our study, 
which was led in a limited number of centres. Financial 
support for large phase 3 studies in the older population 

remains a substantial challenge. The pharmaceutical 
industry generally does not invest in further development 
in the more frail or older population after approval of drugs 
from the US Food and Drug Administration (FDA) or 
European Medicines Agency (EMA) based on trials in the 
general population. In some cases, specific trials in older 
patients might show that new drugs are more harmful 
than helpful in the older population, being at odds with the 
classical treatment escalation development model. A 
second, theoretical, limitation is the absence of a real 
control group (ie, taxane plus trastuzumab and 
pertuzumab). Ideally, the trastuzumab and pertuzumab 
plus metronomic oral cyclophosphamide regimen should 
be prospectively compared with the current standard 
treatment in the general population: taxane plus 
trastuzumab and pertuzumab. However, given the absence 
of consistency in taking into account age distribution in 
standard drug development, such a standard control group 
would be valid only for younger adults or highly selected 
older adults. In randomised trials of frail, older patients, 
use of standard treatments as control groups (based on a 
younger population) could lead to a serious risk of selection 
bias: physicians, patients, and families can be reluctant to 
use standard chemotherapy (such as a taxane) for good 
reasons, and these patients are unlikely to be included in a 
randomised trial with a possibility of being randomly 
assigned to receive a taxane. This problem underlines the 
importance of addressing these issues early in drug 
development. Older people should be included as much as 
possible in general population studies, but when the use of 
standard treatment group becomes challenging or difficult, 
regulators and developers should recognise the need to 
design studies with lower intensity treatment groups. 
Another limitation of this trial was the absence of central 
review for the primary endpoint and the fact that there was 
a lot of missing information at the 1-year timepoint in 
terms of geriatric assessment. Furthermore, only 13% of 
patients received prior endocrine therapy for metastatic 
breast cancer before entering the trial, while 69% of 
tumours were hormone-sensitive. Endocrine therapy 
alone or with anti-HER2 therapy is not frequently used in 
HER2-positive metastatic breast cancer, because 
progression-free survival with this regimen is much 
shorter than that with docetaxel plus trastuzumab and 
pertuzumab. Another reason why only a small proportion 
of the study population received prior endocrine therapy 
might be that 50 (63%) of 80 patients were recruited in 
Belgium, where trastuzumab or lapatinib without 
chemotherapy as first-line therapy are not reimbursed 
for patients with HER2-positive, hormone-sensitive, 
metastatic breast cancer, and aromatase inhibitors are only 
reimbursed after failure of tamoxifen. Oncologists in 
Belgium thus had the choice of giving first-line tamoxifen 
(or an aromatase inhibitor in case of contraindication for 
tamoxifen or progression under tamoxifen), taxane plus 
trastuzumab and pertuzumab outside of study, or the two 
treatment regimens within this study.
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In conclusion, dual blockade of HER2 plus metronomic 
chemotherapy seems to provide a better prognosis than 
HER2 dual blockade alone in an older and frail population 
with HER2-positive metastatic breast cancer, and has an 
acceptable safety profile. Trastuzumab and pertuzumab 
plus metronomic oral cyclophosphamide, potentially 
followed by trastuzumab emtansine after progression, 
might delay the need for, or supersede, the use of 
taxane-based chemotherapy in this population.
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