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Abstract  Background: Dual anti-HER2-targeted therapy in breast cancer (BC) significantly
increased the rate of pathological complete response (pCR) compared to single blockade when
added to chemotherapy. However, limited data exist on the long-term impact on survival of

Neoadjuvant; the additional increase in pCR.
Pathological complete Methods: Neoadjuvant lapatinib and/or trastuzumab treatment optimisation (NCT00553358)
response; is an international, randomised, open-label, phase III study investigating the addition of lapa-

tinib to chemotherapy plus trastuzumab in HER2-positive early BC. Ten-year event-free sur-
vival (EFS), overall survival (OS) and safety were assessed on intention-to-treat population.
The association between pCR and EFS or OS was investigated in landmark population.
Results: A total of 455 patients were randomised to receive lapatinib (154), trastuzumab
(149) or the combination (152). Ten-year EFS estimates were 63% (95% confidence interval
[CI], 54%—71%) in the lapatinib group, 64% (95% CI, 55%—72%) in the trastuzumab group
and 67% (95% CI, 58%—74%) in the combination group. Ten-year OS rates were 76% (95%
CI, 67%—83%), 75% (95% CI, 66%—82%) and 80% (95% CI, 73%—86%) in the lapatinib,
trastuzumab and combination groups, respectively. Women who achieved a pCR had
improved EFS (hazard ratio 0.48, 95% CI, 0.31—0.73) and OS (hazard ratio 0.37, 95% CI,
0.20—0.63) compared with those who did not. The numerical difference in survival according
to pCR status was greater in women treated with the combination and those with hormone-
receptor-negative tumours. There were no new or long-term safety concerns.

Conclusions: Patients with HER2-positive BC showed a durable survival benefit of neoadju-
vant anti-HER?2, irrespective of treatment arm. Patients who achieve pCR have significantly
better outcomes than patients without pCR.

© 2022 Elsevier Ltd. All rights reserved.

Long-term survival;
Dual anti-HER2
blockade

1. Introduction

For primary resectable HER2-positive breast cancer,
neoadjuvant therapy has become a routine treatment,
with trastuzumab representing the first HER2-targeted
agent. Dual anti-HER2 blockades, with other agents
including lapatinib and pertuzumab, achieved a higher
pathological complete response (pCR) rate than single
agent trastuzumab-based strategy [1—4]; however, the
ability of neoadjuvant dual-blockade to produce signif-
icant long-term clinical improvement remains somewhat
controversial.

The primary analysis of neoadjuvant lapatinib and/or
trastuzumab treatment optimisation (NeoALTTO)
study showed that patients with early-stage HER2-
positive breast cancer, who received neoadjuvant dual
anti-HER?2 inhibition with lapatinib and trastuzumab
plus weekly paclitaxel, had a significant improvement in
pCR in the breast by approximately 20% compared to
either treatment alone [1]. In prespecified secondary end-

point analyses conducted after a median follow-up of
3.8 years and 6.7 years, patients achieving a pCR had a
significantly better event-free survival (EFS) (3-year
rates of 86% versus 72%; 6-year rates of 77% versus
65%) and overall survival (OS) (3-year rates of 94%
versus 87%; 6-year rates of 89% versus 77%) compared
with those without a pCR. However, EFS and OS did
not significantly differ between treatment groups [5,6].

Here, we report the final pre-planned 10-years sur-
vival analysis of NeoALTTO and the association be-
tween pCR and survival outcomes.

2. Methods

2.1. Study design and participants

The study design was previously reported [1,5,6]. Briefly,
NeoALTTO was a phase 111, multicentre, international

study enrolling 455 women who were randomly assigned
to receive lapatinib, trastuzumab or the combination of
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both drugs. Eligible patients had histologically
confirmed HER2-positive early-stage breast cancer, with
a tumour size greater than 2 cm, adequate hepatic, renal,
cardiac and bone marrow functions at baseline and left
ventricular ejection fraction at baseline of 50% or more.
HER2 status was assessed centrally (by Vall D’Hebron
Institute of Oncology, Barcelona, Spain) or locally (after
central laboratory accreditation); hormone receptor
status was considered positive or negative as per local
guidelines. Women with bilateral, inflammatory or
metastatic breast cancer were excluded. The study pro-
tocol was approved by ethics committee and relevant
health authorities at each participating institution and
country. All patients provided written informed consent
prior to study entry. The trial protocol is available in
Supplementary Material.

2.2. Study procedure

Treatment allocation was by stratified, permuted blocks.
With a block size of six, patients were randomly assigned
to the three treatments in a 2:2:2 ratio. Stratification
factors were hormone receptor status (oestrogen-receptor
or progesterone-receptor positive or both versus both
oestrogen-receptor and progesterone-receptor negative),
clinical nodal involvement (NO—1 versus >N2), clinical
tumour size (T2 versus >T3) and suitability for breast-
conserving surgery (yes versus no). In the neoadjuvant
phase, patients received oral lapatinib (1500 mg/day),
intravenous weekly trastuzumab (4 mg/kg loading dose
followed by 2 mg/kg) or a combination of lapatinib
(1000 mg/day) plus trastuzumab (the same dose as for
single agent) for 6 weeks. After that, patients were given
additional weekly paclitaxel (80 mg/m2) for a further 12
weeks. Definitive surgery was done 4 weeks after the last
dose of paclitaxel. Adjuvant chemotherapy was given to
all patients within 6 weeks of definitive surgery and
consisted of three cycles of fluorouracil, epirubicin and
cyclophosphamide (FEC) given intravenously every 3
weeks. After chemotherapy, all women received the same
anti-HER?2 therapy as previously randomly assigned for
an additional 34 weeks. Radiotherapy given concomi-
tantly with anti-HER2 drugs was mandatory in women
treated with breast-conserving surgery. Radiotherapy
was given according to the local guidelines in case of
mastectomy and started 4 weeks after the completion of
FEC. Endocrine therapy was prescribed for women with
hormone-receptor positive tumours as per local
policy for a minimum duration of 5 years. Adverse events
were graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events
Version 3.0 [1].

2.3. Outcomes

The primary end-point of breast-only pCR (ypT0/is)
and secondary end-points including locoregional pCR

Table 1
Study participants included in the intention-to-treat and landmark
populations for event-free and overall survival.

Lapatinib  Lapatinib Trastuzumab Overall
plus
trastuzumab
ITT population 152 154 149 455
Included in EFS 138 (91%) 134 138 (93%) 410
landmark analysis (87%) (90%)
Excluded from EFS landmark analysis
EFS event prior to 2 (1%) 32%) 1 (%) 6 (1%)
landmark date
Clinical follow-up 5 (3%) 13 (8%) 7 (5%) 25

ended prior to (5%)
landmark date

pCR status unknown 7 (5%) 4(3%)  3(2%) 14
at landmark date (3%)
Included in OS 139 91%) 139 142 (95%) 420
landmark analysis (90%) (92%)
Excluded from OS landmark analysis
Death prior to 1 (1%) 1 (1%) 0 (0%) 2
landmark date (<1%)
Survival follow-up 5 (3%) 10 (6%) 4 (3%) 19

ended prior to (4%)
landmark date

pCR status unknown 7 (5%) 4 (3%)  3(2%) 14
at landmark date (3%)

EFS, Event-free survival; OS, Overall survival. The landmark date was
30 weeks after randomisation.

(ypT0/is ypNO), 3-years and 6-years EFS and OS,
safety and tolerability were previously reported [1,5,6].
Here, we report the 10-years EFS and OS estimates as
well as updated safety data. EFS was defined as the time
from randomisation to the first event (breast cancer
relapse after surgery, second primary malignancy or
death without recurrence). OS was defined as the time
from randomisation to death from any cause. For
women who did not undergo breast cancer surgery
(n = 28), events were death during clinical follow-up or
non-completion of any neoadjuvant investigational
product because of disease progression.

2.4. Statistical analysis

NeoALTTO trial was not powered to detect treatment
differences for secondary and post-hoc exploratory end-
points. Results of these analyses are for descriptive
purposes. All patients in the intention-to-treat (ITT)
population were included in EFS and OS analyses. Ten-
year survival rates (since randomisation) in the ITT
population were obtained with the Kaplan—Meier
method. Cox proportional hazards regression model
was used to estimate hazard ratios (HRs) and corre-
sponding 95% confidence intervals (Cls) with P-values
from two-sided log-rank tests.

Association between pCR and survival end-points
were tested using landmark time analyses to adjust for
guarantee-time bias [7]. Patients with at least 30-weeks
survival from randomisation and known pCR status
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were included (Table 1). EFS and OS rates for the
landmark analyses are reported using time since the
landmark date.

Additional post-hoc exploratory analyses were also
carried out. A Cox model was used to test for the effects
of baseline clinical factors on EFS in the ITT popula-
tion. Further Cox models were used to test interactions
between pCR and each of the clinical factors individu-
ally (adjusted for treatment arm). To investigate changes
in hazard rates over time, a life table approach was used
to estimate the hazards in subgroups defined by arm,
pCR status and hormone receptor status, within the
time periods 0—1, 1—2, 2—5 and 5—10 years. The pe-
riods were chosen to include sufficient events within
each period. Analyses were performed with Statistical
Analysis System (SAS) (version 9.4).

3. Results

The NeoALTTO study enrolled 455 patients which were
randomly assigned to three treatments groups: 154
(34%) to the lapatinib group, 149 (33%) to the trastu-
zumab group and 152 (33%) to the combination group.
Patient baseline characteristics have been previously
reported (Supplementary Table 1) [1]. Median follow-up
was 9.7 years (interquartile range, 6.6—9.9 years).

Ten years after the inclusion of the last patients, 137
of 455 patients (30%) had experienced an event, 47
(31%) in the lapatinib group, 47 (32%) in the trastuzu-
mab group and 43 (28%) in the combination group.
Since last follow-up analysis at 6.7 years, 10 additional
events were observed (Table 2), 3 in the lapatinib group,
2 in the trastuzumab group and 5 in the combination
group. Seven of the 10 events were in HR-positive tu-
mours, including the 2 distant bone metastases. The two
new second primary (non-breast) malignancies occurred
in the uterus and brain. Ten-year EFS rates were 63%
(95% CI, 54%—71%) in the lapatinib, 64% (95% CI,
55%—72%) in the trastuzumab and 67% (95% CI, 58%—
74%) in the combination group (Fig. 1A). 10-year EFS
did not significantly differ between those patients in the
lapatinib group and the trastuzumab group (HR 1.01,
95% CI 0.66—1.52, P = 0.98) or for those in the com-
bination group compared with trastuzumab alone (HR
0.88, 95% CI 0.57—1.34, P = 0.55). Thirty-one patients
(20%) in the lapatinib group, 32 (21%) in the trastuzu-
mab group and 26 (17%) in the combination group had
died. The 10-year OS rates were 76% (95% CI, 67%—
83%), 75% (95% CI, 66%—82%) and 80% (95% CI,
73%—86%) in the lapatinib, trastuzumab and combina-
tion groups, respectively. No significant differences in
OS were observed between lapatinib and trastuzumab
(HR 0.96, 95% CI 0.58—1.60, P = 0.88) or between
combination and trastuzumab single agent (HR 0.79,
95% CI 0.46—1.34, p = 0.38) (Fig. 1B). There were no
significant differences between treatment groups when

Table 2
Primary type and location of first EFS events.

Lapatinib
plus
trastuzumab

(N =152) (N = 154) (N = 149) (N = 455)
Number of patients 43 (28%) 47 (31%) 47 (32%) [45] 137 (30%)

Lapatinib Trastuzumab Overall

with EFS [38] [44] [127]
events
CNS recurrence 9 (6%) [9] 6 (4%) [6] 8 (5%) [8] 23 (5%)
[23]
Distant visceral 4 (3%) [4]  15(10%) 11 (7%) [10] 30 (7%)
recurrence [15] [29]
Distant bone 4 (3%) [31 8 (5%) [71 5 (3%) [5] 17 (4%)
recurrence [15]
Other distant 32%)[2] 1(<1%) 4 (3%) [4] 8 (2%) [7]
recurrence 1
(assumed soft
tissue)
Regional 2 (1%)[2] 3 (2%) [2] 0 (0%) [0] 5 (1%) [4]
recurrence
Local recurrence 9 (6%) [9] 6 (4%) [6] 5 (3%) [5] 20 (4%)
[20]
Invasive 4 (3%) [3] 0 (0%) [0] 6 (4%) [5] 10 (2%) [8]
contralateral
breast cancer
Invasive SPM in 0 (0%) [0] 0 (0%) [0] 1 (<1%)[1] 1 (<1%)
ipsilateral [1]
breast
Second (non- 4 (3%) [3] 4 (3%) [3] 4 (3%) [4] 12 (3%)
breast) primary [10]
malignancy
Progression or 1 (<1%) [1] 1(<1%) 1 (<1%)[1] 3 (<1%)
SPM/CBC 1 [3]
during
neoadjuvant
treatment
Death during 2(1%)[1] 2 (1%)[2] 1(<1%)[1] 5 (1%) [4]
clinical follow-
up (post-
surgery)
Death during 1 (<1%) [1] 1 (<1%) 1 (<1%)[1] 3 (<1%)

clinical follow- 1 [3]
up (no surgery)

The number of events recorded at the previous analysis (median 6.7
years follow-up) are shown in square brackets. EFS - Event-free sur-
vival. SPM - Second primary malignancy. CBC - Contralateral breast
cancer. All EFS events within 60 days were considered simultaneous.
The primary type was determined according to a pre-defined hierarchy,
shown by the order that the event types are presented in this table. If
patients had a simultaneous EFS event of a type lower down the table,
this is not shown in the above counts.

EFS and OS were analysed by hormone receptor status
(Supplementary Fig. 1).

Achievement of a pCR was associated with better
outcomes. Patients with a pCR had significantly higher
EFS (77% versus 61%) and OS (88% versus 72%) 9 years
after the landmark date than those who did not (EFS,
HR 0.48, 95% CI 0.31-0.73, P < 0.001; OS, HR 0.37,
95% CI 0.20—0.63, P < 0.001) (Fig. 2A and B). These
associations were numerically greater in patients with
hormone receptor-negative (EFS, HR 0.43, 95% CI
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100% = A

vent free

T T T T T T T T

0 1 2 3 - 5 6 7 8 El 10
Years since randomisation

127 15 102 94 9 78 72 66 2

Lap 154 132 115 102 86 79 75 68 680 52 19
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80% M

0 i 2 3 s 5 s 7 8 5 10
Years since randomisation

Lap + Tras 152 139 137 132 124 m 109 103 92 8 33

Lap 154 141 133 126 110 101 £ 89 82 66 23

Tras 149 143 136 120 m 101 95 87 78 70 24
Fig. 1. Event-free survival (a) and overall survival (b) by treatment
group in the ITT population. The number of patients at risk at
each time point is shown below the graphs. ITT, intention-to-treat;

Lap, lapatinib; Tras, trastuzumab.

0.25—0.73, P = 0.002; OS, HR 0.33, 95% CI 0.15—0.66,
P = 0.002) versus hormone-receptor-positive tumours
(EFS, HR 0.60, 95% CI 0.28—1.17, P = 0.15; OS, HR
0.44, 95% CI 0.15—1.07, P = 0.09) (Fig. 2C and D) and
in patients receiving the combination of lapatinib and
trastuzumab (EFS, HR 0.35, 95% CI 0.16—0.71,
P = 0.004; OS, HR 0.22, 95% CI 0.07—0.58, P = 0.002)
versus trastuzumab alone (EFS, HR 0.60, 95% CI
0.28—1.20, P = 0.16; OS, HR 0.41, 95% CI 0.15—1.00,
P = 0.06) (Fig. 2E and F).

Plotting hazard rates over time revealed that the risk
of recurrence increased with a peak up to 2 years after
surgery and decreased gradually thereafter to approxi-
mately half the peak rate for the time period of 2—5
years with a decreasing trend beyond 5 years. Having a
pCR decreased the risk of recurrence compared to non-
pCR. At the time period of 1—2 years, the hazard rate of
recurrence of patients achieving a pCR (hazard
rate = 0.073) was almost half the value of those who did
not (hazard rate = 0.121). More importantly, the
benefit derived from achieving a pCR was durable as
shown by hazard rate over time (Fig. 3). Although the

hazard rate for patients without a pCR decreased
gradually with time, it remained higher than those with
pCR even within the time periods of 5—10 years from
surgery. Results were consistent for hormone-receptor-
negative- and —positive-disease.

Exploratory subgroup analyses showed that none of
the baseline clinical factors tested were significantly
associated with EFS in the ITT population
(Supplementary Table 2). A similar effect on EFS of
having a pCR was observed across clinical subgroups
(Supplementary Fig. 2).

Adverse events were assessed in 448 women who
received at least one dose of study drug. Since the
analysis at median 6.7 years follow-up, there were no
further fatal adverse events or non-fatal serious adverse
events. Similarly, there have been no further primary or
secondary cardiac events recorded since the last analysis.

4. Discussion

The long-term follow-up of the NeoALTTO trial
showed a durable survival benefit of neoadjuvant anti-
HER?2 in patients with early-stage HER2-positive breast
cancer. The degree of benefit was similar among patients
receiving dual versus single agent anti-HER?2 therapies
and hormone-receptor positive- versus -negative tu-
mours. However, still approximately, 35% and 25% of
women remained at risk of relapse and death at 10 years,
respectively, which represents an unmet clinical need to
improve outcomes in this population. The peak of
events is achieved early with 77% of relapses observed at
year 3 [5] while disease relapses after year 6 were infre-
quent (7%). The results are in line with the long-term
outcome and relapse patterns of adjuvant studies with
trastuzumab [8].

Importantly, women achieving a pCR after neo-
adjuvant anti-HER2 therapy had significantly better
EFS and OS than women without pCR. The risk of
relapse within 9 years from the landmark date was
reduced by 41% and the risk to die by 57% in patients
with a pCR as compared with patients with residual
invasive disease after surgery.

Previous meta-analysis, in which the NeoALTTO
study was included, indicated that pCR is likely to
predict survival benefit in patients with early-stage
HER2-positive breast cancer, representing an early
patient-level surrogate biomarker of outcome
[9—11].However, to what extent pCR may be used as a
surrogate biomarker of long-term outcome remains
somewhat controversial as most neoadjuvant trials are
powered to detect differences in pCR rate among
regimens but not powered for long-term outcomes due
to several reasons. To our knowledge, with a follow-
up of approximately 10 years, NeoALTTO is the
largest randomised neoadjuvant study to show that
achieving pCR is highly and significantly associated
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Fig. 2. Event-free survival (a), (c), (e) and overall survival (b), (d), (f) by pCR status in the landmark populations. Patients by hormone
receptor status (c), (d) and by treatment arm (e), (f). In figures C and D, solid lines represent patients with hormone-receptor-negative,
dashed lines represent patients with hormone-receptor positive. In figures E and F, solid lines represent Lap + Tras, dashed lines represent
Tras alone (Lap alone not shown). The number of patients at risk at each time point is shown below the graphs. Lap, lapatinib; pCR,
pathological complete response; Tras, trastuzumab, +ve — hormone-receptor positive, -ve — hormone-receptor-negative.
Fig C: p-value = 0.33 for interaction of pCR and HR. Fig D: p-value = 0.63 for interaction of pCR and HR. Fig E: p-value = 0.22 for
interaction of Lap + Tras vs Tras x pCR, p-value = 0.71 for interaction of Lap + Tras vs Tras x pCR. Fig F: p-value = 0.43 for
interaction of Lap + Tras vs Tras x pCR, p-value = 0.97 for interaction of Lap + Tras vs Tras x pCR.
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Fig. 3. Hazard rates for event-free survival over time. Patients with pathological complete response (pCR) (a), (¢) and without pCR (b), (d)
at the landmark date. Hazard rates are shown for each treatment arm (a), (b) and for each hormone receptor status group (c), (d). 95%
confidence intervals are shown. Lap, lapatinib; Tras, trastuzumab; HR -ve, hormone-receptor-negative; HR + ve, hormone-receptor

positive.

with long-term survival. The prognostic impact of
pCR was consistent across clinical subgroups.

The NeoALTTO trial showed that the disease-
control for the pCR group was durable as illustrated
by hazard rates over time. Importantly, the effect on the
survival of the additional increase in pCR achieved with
a second anti-HER2 agent was seen early and sustained
long-term as shown by the absence of late relapses in
patients achieving a pCR. The numerically greater
benefit found in the combination arm (25% difference in
EFS in favour of patients with pCR) than the mono-
therapy arms may be explained by the higher sensitivity
of HER2-addicted cancers to dual HER2 blockade [12].
This is supported by the correlation between increasing
HER?2 protein expression and increased benefit of add-
ing lapatinib to trastuzumab observed in the Neo-
ALTTO study [13].

Long-term follow-up is also particularly important
for capturing the therapy benefit in patients with
hormone-receptor-positive HER2-positive breast can-
cer. The survival benefit of achieving a pCR was
numerically higher for patients with hormone-receptor-
negative tumours than those with hormone-receptor-
positive disease. This finding is in line with previous

reports and supports the notion that hormone-receptor-
negative and hormone-receptor-positive HER2-positive
breast cancers are two distinct biological entities
[2,3,9—11,14].

Post-hoc exploratory multivariable Cox regression
analysis did not find any of the baseline clinicopatho-
logical factors was predictive of better EFS, strength-
ening a need for a better understanding of the influence
and interconnection of tumour cell features, immune
infiltration and clinical parameters on both pCR and
survival outcomes to derive better prognostic tools to
design future escalation and de-escalation trials in
HER2-positive breast cancer. In NeoALTTO, tumour
infiltrating lymphocytes and immune signatures seemed
to predict higher pCR, whereas only tumour infiltrating
lymphocytes were associated with statistically significant
better EFS [15,16]. This is in line with the findings of the
Cher-LOB trial [4] and supported by a pooled analysis
of 3771 breast cancer patients, including 1379 HER2-
positive tumours [17].

Although the NeoALTTO trial was not powered to
detect significant differences in survival outcomes across
treatment arms, a numerical increase in long-term sur-
vival rates with dual HER2-targeting was observed,
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especially in the hormone-receptor-negative group. This
is consistent with a trend towards improved survival
with the combination of lapatinib plus trastuzumab over
single HER2 blockade observed in other studies [3,4,18].
In the CALGB 40601 phase III trial, a significant
improvement in the 7-year RFS and OS was reported
with lapatinib plus trastuzumab compared with the
trastuzumab single agent [19]. However, the statistically
significant effect of dual therapy on relapse and survival
should be considered in the context of its secondary
analytic nature and, therefore, interpreted with caution
also considering the results of the large ALTTO trial
which showed only a modest, non-significant, increase in
disease-free survival adding lapatinib to trastuzumab
(HR = 0.84, p = 0.048) [20].

One limitation of the present analyses is that the
study was not powered to detect differences in EFS and
OS between the three treatment arms; these results are,
therefore, descriptive. Moreover, the pCR survival
benefit in this high-risk population will need to be
confirmed in additional cohorts with long-term follow-
up and potentially with dual regimens combining tras-
tuzumab with pertuzumab or other agents.

In conclusion, the long-term follow-up analysis of the
NeoALTTO trial shows that among patients who sur-
vived 6 years without recurrence, more than 97% of
patients survived without additional recurrence or
death, regardless of their hormone-receptor status or
treatment arm. Patients who achieve pCR have signifi-
cantly better outcomes than patients without pCR. We
acknowledge that the combination studied in Neo-
ALTTO was associated with toxicity and is not utilised
in clinical practice based on failure of ALTTO to
demonstrate statistically significant benefit (at the
p < 0.025 level) in the adjuvant setting. However, not
only was the combination superior to induce more pCRs
(as previously demonstrated as primary end-point) but
also this long-term updated analysis of NeoALTTO
demonstrated that achieving a pCR by combination
anti-HER2 treatment was associated with sustained
recurrence-free survival. The present results strengthen
pCR as long-term predictor of favourable patient
outcome in HER2-positive breast cancer and may have
an impact on new trial design testing de-escalation/
escalation strategy.
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