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ABSTRACT

Background In HER2-positive breast cancer, time
elapsed between completion of (neo)adjuvant trastuzumab
and diagnosis of metastatic disease (‘trastuzumab-free
interval’, TFl) is crucial to choose the optimal first-line
treatment. Nevertheless, there is no clear evidence to
support its possible prognostic role.

Methods In the Adjuvant Lapatinib and/or Trastuzumab
Treatment Optimisation (ALTTO) trial, patients with HER2-
positive early breast cancer were randomised to 1 year of
either trastuzumab alone, lapatinib alone, their sequence
or their combination. This exploratory analysis included
only patients in the trastuzumab alone or trastuzumab
plus lapatinib arms who developed a distant disease-free
survival (DDFS) event. Overall survival (OS) was defined
as time between date of DDFS event and death; age at
diagnosis, tumour size and hormone receptor status were
the variables included in the multivariate models.
Results Out of 8381 patients included in ALTTO, 404
patients in the trastuzumab alone and trastuzumab plus
lapatinib arms developed a DDFS event, of which 201
occurred <12 months (group A) and 203 >12 months
(group B) after completion of adjuvant trastuzumab.

No significant difference in location of first DDFS event
was observed (p=0.073); a numerically higher number
of patients in group A than in group B developed brain
metastasis (26% vs 15%). Choice of first-line therapy
differed between the two groups (p=0.022): in group A,
more patients received lapatinib (25% vs 11%) and less
pertuzumab (8% vs 17%). Median OS was 29.3 and 18.4
months in groups B and A, respectively (adjusted HR 0.69;
95% Cl 0.54-0.89; p=0.004). The longer OS for patients
in group B was observed across the analysed subgroups
without interaction according to hormone receptor status
(p=0.814) nor type of administered adjuvant anti-HER2
treatment (p=0.233).

Conclusions TFI has prognostic value in patients with
HER2-positive early breast cancer treated with adjuvant
trastuzumab-based therapy. TFl is a valid tool to better
individualise clinical recommendations and to design
future first-line treatment trials for metastatic patients.

Key questions

What is already known about this subject?

» Despite its crucial role in guiding first-line treat-
ment choices, there is currently lack of clear evi-
dence to support the possible prognostic value of
the time elapsed between completion of adjuvant
trastuzumab and diagnosis of metastatic disease
(‘trastuzumab-free interval’, TFl). A more profound
understanding of how this interval might influence
outcomes is crucial and may contribute to further
individualise clinical recommendations and design
future trials.

What does this study add?

» This exploratory analysis of the Adjuvant Lapatinib
and/or Trastuzumab Treatment Optimisation (ALTTO)
trial aimed to investigate the prognostic role of TFI
in patients with HER2-positive early breast cancer
that developed a distant disease-free survival event
after exposure to adjuvant trastuzumab-based ther-
apy. We observed that TFl has a strong prognostic
value with a significantly better overall survival for
patients relapsing >12 months following completion
of adjuvant trastuzumab-based therapy. This result
was observed irrespective of hormone receptor
status and type of administered adjuvant anti-HER2
therapy. These findings may indirectly support the
current use of the 12-month cut-off to differently
manage patients with HER2-positive breast cancer
relapsing after prior exposure to anti-HER2 therapy
in the early setting.

INTRODUCTION

Being historically considered an indicator of
resistance to previously administered treat-
ments, the time elapsed between the end
of (neo)adjuvant therapy and diagnosis of
metastatic breast cancer is among the crucial
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Key questions

How might this impact on clinical practice?

» These results may help physicians in counselling patients with
HER2-positive disease relapsing after exposure to anti-HER2 thera-
py in the early setting. They confirm that TFl is a valid tool to further
individualise clinical recommendations and to design future trials
in the metastatic setting. Additional research efforts are awaited
to further explore the performance of first-line anti-HER2 targeted
therapy in patients relapsing following exposure to these agents in
the early setting.

factors in the choice of the optimal firstline treatment
following disease recurrence." This concept was first
demonstrated in pivotal chemotherapy trials.”” Similarly,
for patients with hormone receptor-positive breast cancer,
the time since the end of adjuvant endocrine therapy is
currently used by international guidelines to define resist-
ance to endocrine therapy to guide not only treatment
decision-making but also the eligibility for first-line endo-
crine treatment trials.'

Disease-free interval has also a crucial role in patients
with HER2-positive breast cancer to the extent that it
should be considered as a key factor in the choice of the
optimal first-line anti-HER2 therapy. Based on the inclu-
sion criteria and results of the CLEOPATRA and EMILIA
trials, ° respectively, the recommended firstline treat-
ment is the combination of a taxane plus dual anti-HER2
blockade with trastuzumab and pertuzumab in patients
recurring more than 12 months after the completion of
(neo)adjuvant trastuzumab while T-DM1 should be used
in those developing disease recurrence while on (neo)
adjuvant trastuzumab or within 6 months from its comple-
tion.® In addition, the indication for T-DM1 has been
extrapolated for patients relapsing within 12 months
of (neo)adjuvant trastuzumab completion although no
data are available to guide the choice of the best first-line
therapy when the time elapsed since completion of adju-
vant trastuzumab is between 6 and 12 months.® Notably,
limited data are available on the performance of first-line
therapies in patients relapsing after prior exposure to
anti-HER? targeted agents in the early setting.”

Despite its crucial role in guiding first-line treat-
ment choices, there is currently lack of clear evidence
to support the possible prognostic impact of the time
elapsed between completion of adjuvant trastuzumab
and diagnosis of metastatic disease.® Therefore, a more
profound understanding of how this interval might influ-
ence outcomes is crucial and may contribute to further
individualise clinical recommendations and design future
trials. To address this important issue, we performed an
exploratory analysis of the Adjuvant Lapatinib and/or
Trastuzumab Treatment Optimisation (ALTTO) trial, the
largest adjuvant randomised study conducted in patients
with early-stage HER2-positive disease.” In ALTTO, type
and timing of first site of disease recurrence, as well as
information on choice of first-line treatments received by

patients who relapsed have been prospectively collected.
Hence, this was a unique opportunity to investigate
the impact of the time elapsed between completion of
adjuvant trastuzumab and diagnosis of a distant relapse
(‘trastuzumab-free interval’, TFI) on patients’ prognosis.

METHODS

Study design and patients

Details on the study design of the ALTTO trial were
previously reported.9 Briefly, ALTTO (Breast Interna-
tional Group (BIG) 2-06/EGF106708 and North Central
Cancer Treatment Group (Alliance) N063D) was an
international, intergroup, open-label, randomised phase
III study assessing the use of trastuzumab and/or lapat-
inib as adjuvant anti-HER2 targeted therapy in patients
with HER2-positive early breast cancer.

To be eligible for the trial, the following inclusion
criteria were required: completely excised and histologi-
cally confirmed invasive HER2-positive early breast cancer,
node-positive disease or pathological tumour size of =1
cm in the case of no nodal involvement. Primary tumour
samples from all patients were centrally tested to assess
HER2 and hormone receptor status. HER2-positivity was
defined according to the 2007 American Society of Clin-
ical Oncology/College of American Pathologists guide-
lines.'’ Expression of oestrogen and/or progesterone
receptors in 21% tumour cells was the criteria used to
define hormone receptor positivity.

Study procedures

Stratified permuted blocks with a 1:1:1:1 allocation ratio
were used to prepare randomisation lists. Randomisation
was performed with an interactive voice response system
to one of the four anti-HER2 treatment arms: trastuzumab
alone, lapatinib alone, sequential treatment with trastu-
zumab for 12 weeks followed by a 6-week washout period
before other 34 weeks of lapatinib, and dual anti-HER2
blockade with trastuzumab plus lapatinib. In all treat-
ment arms, adjuvant anti-HER2 therapy was administered
for 1 year. Following the first interim analysis in 2011, the
lapatinib arm was closed and adjuvant commercial tras-
tuzumab was offered; a total of 1087 (51.8%) out of 2100
patients received at least one dose of trastuzumab.

For the purpose of the present analysis, only patients
randomised to the l-year duration trastuzumab arms
(trastuzumab alone and trastuzumab plus lapatinib) were
included.

Anti-HER2 treatment could be administered as per
physician’s choice following chemotherapy comple-
tion (design 1), or concomitantly with a taxane after
anthracycline-based chemotherapy (design 2) or with 6
cycles of docetaxel and carboplatin in an anthracycline-
free regimen (design 2B). Adjuvant endocrine therapy
had to be administered unless contraindicated according
to local guidelines to all patients with hormone receptor-
positive disease for at least 5 years. Radiotherapy was
mandatory following breast-conserving surgery and was
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Table 1 Baseline clinicopathological characteristics

Group A (<12 months) Group B (>12 months)

n=201 n=203
No. (%) No. (%) P value
Age at breast cancer diagnosis (median) (years) 50.1 (41.8-59.7) 47.3 (39.7-56.8) 0.124
Age at diagnosis 0.013
<40 years 36 (18) 53 (26)
41-64 years 140 (70) 139 (68)
>65 years 25 (12) 11 (5)
Menopausal status at diagnosis 0.320
Pre-menopausal 97 (48) 108 (53)
Post-menopausal 104 (52) 95 (47)
BMI (kg/m?) 0.801
Underweight (BMI <18.5) 8 (4) 5(2)
Normal (BMI=18.5-24.9) 82 (41) 89 (44)
Overweight (BMI=25-29.9) 62 (31) 60 (30)
Obese (BMI >30) 49 (24) 49 (24)
Surgery
Breast-conserving surgery 57 (28) 59 (29) 0.875
Mastectomy 144 (72) 144 (71)
Histology 0.583
Ductal carcinoma 184 (92) 182 (90)
Lobular carcinoma 7 Q) 6 (3)
Others/missing 10 (5) 15 (7)
Tumour size 0.004
pT1 32 (16) 63 (31)
pT2 100 (50) 92 (45)
pT3-4 26 (13) 19 (9)
Not applicable (NACT) 41 (20) 29 (14)
Missing 2 (<1) 0(0)
Nodal status 0.233
pNO 38 (19) 32 (16)
pN1 41 (20) 44 (22)
pN2-3 81 (40) 98 (48)
Not applicable (NACT) 41 (20) 29 (14)
Tumour grade 0.620
G1 5(2) 3(1)
G2 65 (32) 77 (38)
G3 122 (61) 114 (56)
Missing 9 (4) 9 (4)
Type of expression of hormone receptors <0.001
ER-positive and/or PR-positive 94 (47) 130 (64)
ER-negative and PR-negative 107 (53) 73 (36)
Treatment arm 0.270
Trastuzumab 113 (56) 103 (51)
Trastuzumab plus lapatinib 88 (44) 100 (49)

Continued
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Table 1 Continued
Group A (<12 months) Group B (>12 months)
n=201 n=203
No. (%) No. (%) P value
Type of chemotherapy 0.223
Anthracycline-based and taxane-based regimens 139 (69) 124 (61)
Anthracycline-based regimens 56 (28) 70 (34)
Taxane-based regimens 6 (3) 9 (4)
Timing of chemotherapy 0.509
Sequential (design 1) 135 (67) 130 (64)
Concurrent (design 2 and design 2B) 66 (33) 73 (36)
Adjuvant endocrine therapy” 0.053
Administered 79 (84) 120 (92)
Not administered 15 (16) 10 (8)
Type of adjuvant endocrine therapy 0.164
SERM 47 (59) 82 (68)
SERM and Al 5 (6) 10 (8)
Al 25 (32) 28 (23)
LHRHa alone 2@ 0(0)

*Calculated on the total number of patients with hormone receptor-positive breast cancer (94 in group A and 130 in group B).
Al, aromatase inhibitors; BMI, body mass index; ER, oestrogen receptor; G, grade; LHRHa, luteinising hormone-releasing hormone agonist;
NACT, neoadjuvant chemotherapy; PR, progesterone receptors; SERM, selective oestrogen receptor modulator.

performed after mastectomy based on the guidelines of
each participating institution. Endocrine therapy and
radiotherapy were administered after chemotherapy
completion and concomitantly with anti-HER2 therapy.

As per study protocol, type and timing of first site of
disease recurrence, as well as information on choice of
first-line treatments that were administered to patients
who developed disease recurrence had to be prospec-
tively reported. For the purpose of the present analysis,
only patients randomised in the trastuzumab alone and
trastuzumab plus lapatinib arms who developed a distant
recurrence were included. Patients who had other inva-
sive disease-free survival (DFS) events (local and regional
relapses, contralateral invasive breast cancers, second
non-breast malignancies and deaths without event) with
no distant recurrence were excluded from the present
analysis.

The 12-month cut-off between the completion of adju-
vant trastuzumab and the development of the first distant
DFS (DDFS) event was used as the criteria to distinguish
between two groups of patients relapsing with a TFI of
<12 months (group A) and >12 months (group B). The
choice of the 12-month cut-off was based considering the
current recommendation for the choice of the firstline
treatment,’ as well as a prior similar BIG research project
conducted within the HERA trial.®

Objectives and endpoints
The aim of the current analysis was to investigate the
prognostic role of TFI in patients with HER2-positive early

breast cancer in terms of overall survival (OS) following
the development of a DDFS event.

Baseline patients’ characteristics, patterns of relapse
and choice of first-line treatment for metastatic disease
were also assessed.

Statistical methods

Statistical assumptions and sample size calculations of the
ALTTO trial were previously reported.’ The present anal-
ysis should be regarded as exploratory considering that it
was not preplanned in the study protocol and the power
of the statistical analyses performed was not prespecified.
The updated ALTTO Database was used for all the anal-
yses with a cut-off date of 14th of December 2016."

Baseline characteristics, patterns of relapse and the
choice of firstline treatment were compared between
group A and group B according to TFI. Categorical vari-
ables were summarised with proportions and differences
tested using x? test; continuous variables were reported
using medians and IQR and differences were tested using
Wilcoxon rank-sum test.

OS was defined as the time between the date of DDFS
event and death. The impact of TFI on OS from distant
recurrence was assessed in both univariate and multivar-
iate Cox proportional hazards models. Age at diagnosis,
tumour size and hormone receptor status were the vari-
ables included in the final multivariate models. Likeli-
hood ratio test considered whether there was evidence of
an interaction between TFI and hormone receptor status
as well as between TFI and type of administered adjuvant
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Table 2 Location of first disease relapse at a distant site

Group Group
A (<12 B (>12
months) months)
n=201 n=203
No. (%) No. (%) P value
Type of metastatic presentation (distant relapse)* 0.195
Visceral 139 (69) 128 (63)
Non-visceral 62 (31) 75 (37)
Metastatic site (distant relapse)t 0.073
Brain 52 (26) 31 (15)
Liver 46 (23) 60 (30)
Lung 37 (18) 33 (16)
Bone 43 (21) 51 (25)
Others 23 (11) 28 (14)
Type of metastatic presentation (distant relapse)*  0.289
Visceral 139 (77) 128 (72)
Bone (without visceral) 42 (23) 50 (28)

*Patients with bone, skin, lymph node and soft tissue were
considered as non-visceral; all the others were considered as
visceral.

TFor patients who developed relapse in more than one organ,
the first site of distant metastasis was defined by prespecified
importance in the following order: brain, liver, lung, bone and
others. The category ‘others’ included: skin, lymph node, soft
tissue, pleura and other rarer sites of relapse.

anti-HER2 treatment. Results were presented using the
Kaplan-Meier survival plots.

Considering the significant OS benefit associated with
the use of pertuzumab-based firstline therapy and the
observed different distribution of its use between groups
A and B, an exploratory OS analysis was conducted by
excluding patients exposed to this anti-HER2 agent.

Statistical analyses were two-sided; p values of <0.05
were considered statistically significant. Statistical anal-
yses were performed by DAT using SAS V.9.4.

RESULTS

A total of 8381 patients with HER2-positive early breast
cancer were randomised in ALTTO between June 2007
and July 2011. Among patients enrolled in the trastu-
zumab and trastuzumab plus lapatinib arms (N=4190),
404 (9.6%) developed a DDFS event of which 201
occurred <12 months (group A) and 203 >12 months
(group B) following completion of adjuvant trastuzumab
(online supplemental figure SI).

Baseline  clinicopathological  characteristics  are
summarised in table 1. As compared with patients in
group B, those in group A were older (p=0.013), had
larger tumours (p=0.004) and had more often hormone
receptor-negative disease (p<0.001). No difference in
nodal status, nor in type of administered systemic therapy
was observed between the two groups.

The majority of patients (267, 66%) developed
visceral metastasis as first DDFS event with no differ-
ence between the two groups (table 2). No significant
difference in location of first DDFS event was observed
(p=0.073); however, a numerically higher number of
patients in group A developed brain metastasis (26%
vs 15%).

After the development of DDFS events, no significant
differences between the two groups were observed in
terms of local treatments, use and type of chemotherapy
(online supplemental table 1). First-line chemotherapy
was administered to 251 (62%) patients. Taxane-based
regimens were the most frequently used (57%). Among
patients with hormone receptor-positive breast cancer,
more patients in group A than group B received endo-
crine therapy as part of their first-line therapy (46% vs
29%; p=0.011). Anti-HER? targeted therapy was part of
the first-line treatment in 231 (57%) of the patients. The
type of anti-HER2 treatment was differently distributed
in the two groups (p=0.022): more patients in group A
received lapatinib (256% vs 11%) and less pertuzumab
(8% vs 17%).

Median follow-up after development of DDFS events
was 17.5 months (IQR, 6.3-31.6 months), with no differ-
ence (p=0.092) between group A (15.2 months, IQR,
5.7-29.1 months) and group B (19.2 months, IQR,
7.1-33.6 months).

Patients in group B had a significantly longer OS as
compared with those in group A. Median OS was 29.3 and
18.4 months in groups B and A, respectively (adjusted HR
0.69; 95% CI 0.54-0.89; p=0.004; figure 1A and online
supplemental table 2). Similar results were observed
when patients treated with firstline pertuzumab-based
therapy (n=29) were excluded with a median OS of 26.8
and 18.2 months in groups B and A, respectively (adjusted
HR 0.66; 95% CI 0.51-0.86; p=0.002; figure 1B and online
supplemental table 2).

The longer OS for patients in group B as compared
with those in group A was observed across the analysed
subgroups with no interaction according to hormone
receptor status (p=0.814) nor type of administered adju-
vant anti-HER2 treatment (p=0.233).

In groups B and A, respectively, median OS was 33.6
and 23.1 months among patients with hormone receptor-
positive disease (adjusted HR 0.69; 95% CI 0.48-0.99;
figure 2A and online supplemental table 2), and 19.2
and 14.1 months among those with hormone receptor-
negative disease (adjusted HR 0.68; 95% CI 0.48-0.98;
figure 2B and online supplemental table 2).

In groups B and A, respectively, median OS was 29.3
and 21.3 months among patients who received tras-
tuzumab alone (adjusted HR 0.80; 95% CI 0.55-1.17;
figure 3A and online supplemental table 2), and 29.4 and
17.0 months among those who received trastuzumab plus
lapatinib (adjusted HR 0.55; 95% CI 0.38-0.80; figure 3B
and online supplemental table 2) as adjuvant anti-HER2
treatment.
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Figure 1 Overall survival (OS) in the whole cohort of patients (A) and after excluding those who received first-line

pertuzumab-based therapy (B).

DISCUSSION
To our knowledge, this is the largest analysis aiming to
investigate the prognostic impact of TFI in patients with
HER2-positive early breast cancer that developed a DDFS
event after exposure to adjuvant trastuzumab-based
therapy. We observed that TFI has a strong prognostic
role with a significantly better OS for patients relapsing
>12 months following the end of adjuvant trastuzumab-
based therapy. This result was observed irrespective of
hormone receptor status and type of administered adju-
vant anti-HER2 therapy. These findings may indirectly
support the current use of the 12-month cut-off to differ-
ently manage patients with HER2-positive breast cancer
relapsing after prior exposure to anti-HERZ2 therapy.
Whereas the 12-month cut-off is commonly used in clin-
ical practice, limited evidence is available so far on its role

in influencing the prognosis of patients. A prior exploratory
analysis of the HERA trial including 187 patients devel-
oping a DDFS events following exposure to adjuvant tras-
tuzumab investigated the potential prognostic role of TFL®
No statistically significant relationship between TFI and OS
was observed (adjusted HR 0.98; p=0.27). However, median
OS from the development of a DDFS event was numerically
longer among patients with a TFI >12 months after the end
of adjuvant trastuzumab (28.7 vs 17.8 months; p=0.47).” Simi-
larly, an Italian retrospective study including 101 patients
showed that the 6-month cut-off for the TFI appeared to
have prognostic value but the result did not reach statistical
significance.'” Median OS was 48.3 and 29.5 months for
patients with a TFI of more and less than 6 months, respec-
tively (HR 0.73; 95% CI 0.39-1.37; p=0.331)."* With a larger
sample size, our analysis shows the important prognostic role
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of TFI with an almost 11-month absolute median OS advan-
tage (18.4 vs 29.3 months) for patients relapsing >12 months
following completion of adjuvant trastuzumab (adjusted HR
0.69; 95% CI 0.54-0.89; p=0.004).

In addition, our results provide further evidence on the
different behaviour of HER2-positive tumours according to
hormone receptor status.”” " As compared to patients with
hormone receptor-positive disease, those with hormone
receptornegative tumours had higher likelihood to relapse
within 12 months following completion of adjuvant trastu-
zumab and had poorer OS irrespective of TFI. These data
further highlight the need to pursue in research efforts
aiming to improve the outcomes of patients with metastatic
HER2-positive disease with different approaches according

to hormone receptor status. These efforts would be even
more relevant for patients relapsing during or soon after
completion of anti-HER2 therapy who are characterised by
particularly poor outcomes.

The different recommendations on the use of first-
line therapy in patients relapsing after prior exposure to
anti-HER2 therapy are currently mostly based on the inclu-
sion criteria of major randomised trials conducted in the
metastatic setting.4 5 However, a small number of patients
included in these trials were enrolled after failure of (neo)
adjuvant anti-HER2 therapy.' ® Limited evidence, derived
mostly from small retrospective studies, is currently avail-
able on the performance of firstline anti-HER2 therapy in
patients relapsing after prior exposure to targeted agents in
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trastuzumab plus lapatinib (B).

the early setting.® '* ' Based on these studies, it cannot
be excluded that patients exposed to anti-HER2 targeted
treatment in the early setting may experience a smaller
benefit with firstline therapy. In ALTTO, type of treatment
received after experiencing disease relapse was collected,
but no proper data are available on the duration of first-line
systemic therapy with a specific focus on anti-HER2 agents.
Therefore, the performance of firstline anti-HER2 treat-
ments in patients with relapse after adjuvant trastuzumab-
based therapy could not be assessed. In the ongoing adjuvant
trials, collecting information on duration of exposure to
subsequent lines of therapy should be considered a research
priority to improve the counselling of patients relapsing

following exposure to anti-HER2 targeted treatment in
the early setting. In addition, real-world data from the
currently ongoing registries in the advanced setting should
also be considered an important source of data to explore
this unmet medical need.*** With the current availability
of several effective targeted agents as (neo)adjuvant and
post-neoadjuvant treatment for patients with HER2-positive
breast camcer,go_34 defining the optimal performance of
firstline anti-HERZ2 therapies in those relapsing after prior
exposure in the early setting is becoming a clinically relevant
research area.

The present analysis has some limitations that should
be acknowledged. This is an unplanned exploratory
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analysis and with a relatively small sample size. Some
potential important prognostic factors (like perfor-
mance status and disease volume) were not available
and so they could not be included in the multivariate
model. Notably, 66% of the patients included in this
analysis received trastuzumab sequentially to chemo-
therapy (design 1). In addition, only 57% of the
patients received first-line anti-HERZ2 therapy and few
of them received the more recently approved targeted
therapies including pertuzumab and T-DMI1. These
circumstances may explain the poorer OS observed in
our study when compared with current expectations in
this setting.” However, major strengths are that these
results come from a large phase III trial, and that the
data used for the analyses were prospectively collected
during trial conduction as requested and detailed in
the study protocol. Only patients receiving adjuvant
trastuzumab-based treatment for 1 year were included
to mirror current clinical standard.

In conclusion, our exploratory analysis conducted
within the ALTTO trial suggests that the 12-month cut-
off for the TFI has a strong prognostic role. Patients
experiencing a DDFS event <12 months following the
completion of adjuvant trastuzumab had a significantly
shorter OS (defined as time between the development
of DDFS event and death) than those relapsing >12
months. These findings may help physicians in counsel-
ling patients with HER2-positive disease relapsing after
exposure to anti-HER2 therapy in the early setting and
confirm that TFI is a valid tool to further individualise
clinical recommendations and to design future trials in
the metastatic setting. Additional research efforts are
awaited to further explore the performance of first-
line anti-HER2 targeted therapy in patients relapsing
following exposure to these agents in the early setting.
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