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1. Introduction

Abstract Background: Lapatinib (L) plus trastuzumab (T) with weekly paclitaxel signifi-
cantly increased the pathologic complete response (pCR) rate compared with the anti—human
epidermal growth factor receptor 2 (HER2) agent alone plus paclitaxel. The event-free sur-
vival (EFS) and overall survival (OS) by the treatment arms L + T vs. T and L vs. T and
the relationship between pCR and EFS/OS both in the whole study population and according
to hormone receptor—negative and hormone receptor—positive cohorts after a median follow-
up of 6.7 years were assessed.

Patients and methods: Four hundred fifty-five patients with HER2-positive early breast cancer
randomly received L 1500 mg/day (n = 154), T (common dose, n = 149) or L 1000 mg/day
plus T (n = 152) for 6 weeks, followed by the assigned anti-HER?2 treatment combined with
paclitaxel weekly x 12. After surgery, patients received 3 cycles of fluorouracil, epirubicin and
cyclophosphamide. The primary end-point was pCR (ypT0/is; for current analysis, it is ypT0/
is ypNO0), and the secondary end-points were EFS and OS.

Results: Six-year EFS rates were 67%, 67% and 74% with L, T and L + T, respectively (L vs T:
hazard ratio [HR], 0.98 [95% confidence interval {CI}, 0.64—1.51; P = .93]; L + T vs T: HR,
0.81 [95% CI, 0.52—1.26; P = .35]). Six-Year OS rates were 82%, 79% and 85% for L, T and
L + T, respectively (L vs T: HR, 0.85 [95% CI, 0.49—1.46; P = .56]; L + T vs T: HR, 0.72
[95% CI, 0.41—1.27; P = .26]). In landmark analyses, patients with a pCR had a significantly
higher 6-year EFS (77% and 65%) and OS (89% and 77%) compared with those without a pCR
for both overall and the hormone receptor—negative cohort.

Conclusion: Achieving a pCR is important in HER2-positive disease and translates into better
long-term outcome with regard to EFS and OS.

© 2019 Elsevier Ltd. All rights reserved.

populations (hazard ratio [HR] 0.39/0.25 for EFS and
HR 0.34/0.19 for OS). A recently published meta-

Overexpression of human epidermal growth factor re-
ceptor 2 (HER?2) characterises a breast cancer pheno-
type with poor prognosis [1]. Therapeutic approaches to
inhibit the HER2-mediated signalling in the metastatic,
adjuvant or neoadjuvant setting include the monoclonal
antibodies trastuzumab and pertuzumab, trastuzumab
emtansine (T-DM1) and the small-molecule tyrosine
kinase inhibitor lapatinib [2]. Several trials in the met-
astatic and neoadjuvant settings reported an increased
efficacy with the use of two HER2-targeted drugs with
or without chemotherapy [3—9]. In a meta-analysis
involving almost 12,000 patients [10], achieving a path-
ologic complete response (pCR) was significantly asso-
ciated with better event-free survival (EFS) and overall
survival (OS), particularly in the HER2-positive
(N = 1989) and triple-negative (N = 1157)

analysis including 5768 HER2-positive patients from
36 trials confirmed improved EFS and OS when
achieving a pCR compared with no pCR [11]. This as-
sociation was greater for patients with a hormone
receptor—negative disease than those with a hormone
receptor—positive disease (HR, 0.29 [95% confidence
interval {CI}, 0.24—0.36]; HR, 0.52 [95% CI,
0.40—0.66], respectively).

A previous report of the NeoALTTO trial showed
that lapatinib (L) and trastuzumab (T) combined with
weekly paclitaxel significantly increased the rate of pCR
compared with trastuzumab and weekly paclitaxel
(T + L, 51.3% vs. 29.5%, respectively; P = .0001). No
significant differences were seen between T and L alone
[12]. pCR rates were higher in all three arms of the
NeoALTTO trial for the hormone receptor—negative
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cohort than those in the hormone receptor—positive
cohort.

In the first planned survival follow-up analysis of the
NeoALTTO trial [13], patients who achieved a patho-
logical complete remission had a significantly better EFS
and OS after a median follow-up of 3.84 years. EFS,
however, was not significantly different between the
three arms (3-year EFS rates of 76%, 78% and 84% for
T, L, and T + L, respectively).

Here, we report the updated outcome results of the
455 patients enrolled in the NeoALTTO trial with re-
gard to the secondary end-points EFS and OS and their
relationship with the pCR at a median follow-up of 6.7
years.

2. Methods
2.1. Study design and patients

The design of the NeoALTTO trial was previously re-
ported in detail [12,13]. In brief, 455 patients with
operable, unilateral, non-inflammatory, HER2-positive
early breast cancer were randomised between S5Sth
January 2008 and 27th May 2010 to receive either L
1500 mg/day (n = 154), a loading dose of T 4 mg/kg
followed by 2 mg/kg/wk (n = 149) or L 1000 mg/day
plus the same dose of T (n = 152) for 6 weeks, followed
by the assigned anti-HER2 treatment combined with
weekly paclitaxel (80 mg/m?) x 12. According to a
protocol amendment in 2008, the lapatinib dose was
reduced to 750 mg/day in combination with paclitaxel
and trastuzumab because of toxicity (diarrhoea). In
total, 54 of 152 patients received this reduced dose. After
surgery, patients received 3 cycles of fluorouracil, epi-
rubicin and cyclophosphamide every 3 weeks. The
assigned anti-HER?2 treatment was continued for 34
weeks thereafter.

The eligibility criteria included women with tumours
of >2 cm and histologically confirmed HER2 + BC
defined as IHC 3 + or a FISH ratio of >2.2. The HER2
status was assessed locally (after laboratory accredita-
tion) or centrally (Vall D’Hebron Institute of Oncology,
Barcelona). Hormone receptors were locally tested and
considered positive as per local guidelines. Left ven-
tricular ejection fraction at baseline had to be > 50%.

The primary end-point was pCR and was defined as
the absence of invasive tumour cells in the breast at the
time of surgery [11]. The secondary end-points included
the absence of invasive cancer in the breast and ipsilat-
eral axillary lymph nodes at surgery (ypT0/is ypNO),
which will always be referred to in this analysis, disease-
free survival, EFS (added by an amendment in 2013 to
align with the US Food and Drug Administration rec-
ommendations), OS, safety and tolerability. EFS was
defined as the time from randomisation to the first EFS
event. For women who underwent breast cancer surgery

(n = 427), EFS events were defined as post-surgery
breast cancer relapse, second primary malignancy or
death without recurrence. For women who did not un-
dergo breast cancer surgery (n = 28), EFS events were
death during clinical follow-up or non-completion of
any neoadjuvant investigational product due to disease
progression. The NeoALTTO trial was powered to
detect treatment differences with respect to the pCR
rate, but is underpowered to detect moderate treatment
differences with respect to EFS and OS, and both ana-
lyses (EFS/OS) are intended to be descriptive.

2.2. Statistical analysis

Differences in EFS and OS between the trastuzumab
group and each of the lapatinib-containing groups are
described using HRs and 95% CIs with p-values from
two-sided stratified log-rank tests, implemented as Wald
tests from the Cox models [14]. Tests of proportionality
were performed. All 455 patients (i.e. the ITT popula-
tion) were included in these analyses.

Associations between pCR and EFS/OS were exam-
ined using landmark analysis, which adjusts for guar-
antee-time bias [15]. For EFS, the 30-week landmark
population included only women who were still in clin-
ical (survival) follow-up and were event free (alive) at 30
weeks after randomisation (online tablel). For OS,
being in clinical (survival) follow-up at 30 weeks after
randomisation was sufficient for inclusion, irrespective
of event-free status (online table 2). The 30-week land-
mark time was selected as it would be sufficiently long
for primary breast cancer surgery to be performed and
not too long to eliminate the occurrence of EFS events.
The patients were allocated to two groups according to
their pCR status recorded up to week 30 from ran-
domisation, and these groups were compared with
respect to EFS/OS. Two-sided stratified log-rank tests of
EFS/OS were implemented as Wald tests from the Cox
model [15], with pCR status and assigned treatment arm
fitted as covariates and the stratification factors entered
as strata variables.

Analyses were performed with SAS (version 9-3).
This trial is registered with ClinicalTrials.gov,
NCT00553358.

3. Results

This report describes the planned updated analysis of
the NeoALTTO trial after a median of 6.7 years of
follow-up (interquartile range, 5.7—6.8 years). Patient
characteristics were described previously [12]. The
stratification factors were well balanced between the 3
treatment groups (online Table 3). The updated trial
profile in the intent-to-treat population is shown in
online Fig. 1. The study drug administration and tox-
icities of the different treatment arms were shown
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Table 1
Types of the first event-free survival (EFS) event.
Lap + Tras Lap Tras Overall
(N = 152) (N = 154) (N = 149) (N = 455)
No. of EFS events" 38 (25%) 44 (29%) 45 (30%) 127 (28%)
Distant metastasis 18 (12%) 29 (19%) 27 (18%) 74 (16%)
CNS 9 6 8 23
Visceral (not CNS) 4 15 10 29
Bone 3 7 5 15
Other distant 2 1 4 7
Locoregional 11 (7%) 8 (5%) 5 (3%) 24 (5%)
recurrence
Second primaries in 3 (2%) 0 (0%) 6 (4%) 9 (2%)
the same or
contralateral
breast
Second (non-breast) 3 (2%) 3 (2%) 4 (3%) 10 (2%)
primaries
Other EFS events® 3 (2%) 4 (3%) 3 (2%) 10 (2%)

Lap, lapatinib; Tras, trastuzumab; CNS, central nervous system.

@ Patients with multiple sites at the time of the first EFS event appear
only once in the table in the uppermost category that applies.

® Includes progression or second primary breast cancer during neo-
adjuvant treatment [1,1,1]; death during clinical follow-up (no surgery)
[1,1,1]; or death during clinical follow-up (after surgery) [1,2,1].

elsewhere [12,13]. In brief, of the ITT population
(n = 455), 448 patients started neoadjuvant therapy;
102 (66%), 138 (93%), 92 (61%) and 137 (90%)
completed the neoadjuvant phase as planned with

All patients
100% -
_ Ry
T
2
E 60% -
@ | [ ap+ Tras
2 Lap
£ [ Tras
o 40%
i)
Arm No. patients No. events 6yr EFS rate Hazardratio p-value
20% -
cf. Tras
Lap+Tras 152 38 74% 0.81(0.52,1.26) 0.35
Lap 154 44 67% 0.98 (0.64,1.51) 0.93
0% Tras 149 45 67%
T T T T T T T T
0 1 2 3 4 5 6 7
Years since Randomisation
Lap+Tras 152 139 127 115 102 9% 79 18
Lap 154 132 114 101 85 78 67 20
Tras 149 136 116 100 90 85 74 19

Tests for interaction:
Lap + Tras vs Tras x hormone receptor status p=0.87
Lap vs Tras x hormone receptor status p=0.49

lapatinib in L, trastuzumab in T, lapatinib in L + T and
trastuzumab in L + T, respectively. Adjuvant treatment
was completed as planned in the respective treatment
groups by 99 patients (64%) in L, 121 (81%) in T, 99
(65%) Lin L + T and 120 (79%) T in L 4+ T (% refers to
the ITT population).

Only twenty-two more EFS events occurred during
the 3 additional years of follow-up since the first EFS
analysis, adding up to 127 events in total: 38/152 in
L + T, 44/154 in L and 45/149 in T. The types of the first
event are shown in Table 1.

The 6-year EFS was 74% in the L + T group and 67%
in both the L and T groups (Fig. 1). The EFSin L + T
was not statistically different compared with that in T
(HR, 0.81 [95% CI, 0.52—1.26; P = .35]). In the hor-
mone receptor—negative cohort, the 6-year EFS rate
was 74%, 61% and 63% for the L + T, L and T group,
respectively, (L + T vs T: HR, 0.81 [95% CI, 0.44—1.51;
P = .52]; L vs T: HR, 1.09 [95% CI, 0.61-1.95;
P = .76)).

The 6-year OS was 85%, 82% and 79% for the L + T,
L and T groups, respectively. These differences in OS
were not statistically significant (L + T vs T: HR, 0.72
[95% CI, 0.41—1.27; P = .26]; L vs T: HR, 0.85[95% CI,
0.49—1.46; P = .56]). There were also no significant
differences across the three treatment groups when OS
was analysed by the hormone receptor status (Fig. 2).

Hormone receptor positive

100%

80%

60%
[ | ap+Tras

Event free survival

. Am No.  No. Gy EFS Hazardratio p-value
patients events rate cf. Tras
Lap*Tras 77 18 74% 080(042152) 050
Lap 80 17 73% 086(044,163) 064
0wl Tras 75 2 7%
T T T T T T T T
0 1 2 3 4 5 6 7
Years since Randomisation

Lap+Tras 77 69 62 56 50 45 38 12
Lap 80 67 59 55 47 43 36 "
Tras 75 69 61 54 49 48 42 "

Hormone receptor negative

100%

80% |

60% |
[— o+ Tras

40% -

Event free survival

P No.  No 6yrEFS Hazardratio pvalue
* patients events rate cf. Tras
LapsTras 75 20 74% 081(044151) 052
Lap 74 27 61% 1.09(061,195) 076
% 4L_Tres 74 24 63%
T T T T T T T T
0 1 2 3 4 5 6 7
Years since Randomisation

Lap+Tras 75 70 65 59 52 49 41 6
Lap 74 65 55 46 38 35 31 9
Tras 74 67 55 46 4 37 32 8

Fig. 1. Kaplan—Meier plots showing event-free survival (EFS) for each of the three treatment groups by the hormone receptor status. Lap

indicates lapatinib, and Tras, trastuzumab.
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Hormone receptor positive
100% | m— = :
—
80% o -‘_hl;
®
2 0%
g [—pye
= Lap
All patients 5 [ 715
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100% |
A Aam No. No. 6yrOS Hazard ratic  p-value
80% 2% patients deaths rate of Tras
Lap+Tras 77 8 88% 054(021,1.27) 0.17
Lap 80 10 85% 0.78(033,1.77) 056
_ 0% - Tras 75 14 82%
s . T T T T T T T T
S 60%A 0 1 2 3 4 5 6 7
5 [ | ap+Tras " R
2  Lap Years since Randomisation
5 [m— Tras Lap+Tras 77 69 68 65 57 50 16
3 40% lap 80 72 66 63 59 55 45 14
Tras 75 72 69 63 59 56 51 14
20% 4 Arm  No. patients No.deaths 6yrOSrate Hazardratio p-value
c.f Tras T
Lap+Tras 152 2 8%  072(041127) 026 Hormone receptor negative
Lap 154 25 82%  0.85(049,146) 056 100%
0% 4L_Tras 149 30 79% _ -
T T T T T T T T . -
0 1 2 3 4 5 6 7 ——
Years since Randomisation 037 .
Lap+Tras 152 139 137 132 124 110 98 27 -
Lap 154 141 133 126 110 101 86 28 L
Tras 149 143 136 120 111 101 92 2 5 [ Lap+Tras
i s Lap
3 [ — Tras
6 40%
H - 4 Arm No No. 6yrOS Hazardratio p-value
Tests for interaction: 20% 1 paerts deaths fae  of Tras
Lap+Tras 75 14 81% 091(0421.91) 079
Lap + Tras vs Tras x hormone receptor status p=0.45 Lo s 15 TN os0asiE) 078
v 4L_Tres o
Lap vs Tras x hormone receptor status p=0.72 ] 7 3 ] 7 z I !
Years since Randomisation
Lap+Tras 75 70 68 84 59 53 48 "
Lap 74 69 67 63 51 46 41 14
Tras 74 n 67 57 52 45 41 12

Fig. 2. Kaplan—Meier plots showing overall survival (OS) for each of the three treatment groups by the hormone receptor status. Lap

indicates lapatinib, and Tras, trastuzumab.

In total, 411 patients (90.3%) were included in the
EFS landmark analysis, whereas 44 patients were
excluded because of missing pCR data at landmark, an
EFS event before landmark or no clinical follow-up
before landmark (online Tablel). Patients with a pCR
had significantly higher 6-year EFS (77% vs 65%) than
those without pCR (Fig. 3), both overall (HR, 0.54 [95%
CI, 0.34—0.82; P = .005]) and the hormone recep-
tor—negative cohort (77% vs 57%; HR, 0.47 [95% CI,
0.27—0.81; P = .008]).

Landmark analysis for OS (online table 2) showed
significantly higher 6-year OS for those with pCR than
those without pCR (89% vs 77%; HR, 0.43 [95% CI,
0.23—0.75; P = .005]). The survival advantage of
achieving a pCR was limited to the hormone recep-
tor—negative cohort (HR, 0.35 [95% CI, 0.16—0.70;
P = .005) (Fig. 4).

Landmark analysis according to pCR showed a sig-
nificant advantage for achieving a pCR in the L + T arm
with regard to EFS (HR, 0.45 [95% CI, 0.20—0.93;
P = .036]) and OS (HR, 0.28 [95% CI, 0.09—0.77;
P = .019)]). Differences according to the pCR status
were less pronounced for L (HR, 0.54 [95% CI,
0.21-1.18; P = .15] or T alone (HR, 0.62 [95% CI,

0.29—1.25; P = .20]) for EFS and L (HR, 0.54 [95% CI,
0.15—1.52; P = .28]) or T alone (HR, 0.45 [95% CI,
0.16—1.10; P = .10]) for OS; interaction tests were not
statistically significant (online Figs. 2 and 3).

Since the first analysis, there were no further fatal
adverse events and was one additional non-fatal
adverse event. None of the patients experienced car-
diac death, cardiac heart failure NYHA 3/4 since the
last analysis.

4. Discussion

After a median follow-up of 6.7 years, the updated
analysis of the NeoALTTO trial shows a significantly
better EFS and OS for patients achieving a pCR after
neoadjuvant anti-HER2—based therapies and receiving
the same assigned anti-HER2 treatment as adjuvant
therapy as in the neoadjuvant phase. The benefit of
achieving a pCR was higher for patients with hormone
receptor negative tumours than those with a hormone
receptor—positive  disease. In particular, in the
HR—negative cohort, the EFS rate improved dramati-
cally by 20%, increasing the 6-year EFS rate from 57%
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All patients
100%
80% -
©
s
2 60%
2
® — CR
£ m— N0 pCR
=
S 40%
i
20% -
PCR status No. patients No.events 6yr EFS rate  Hazard ratio p-value
pCR 137 29 77% 0.54 (0.34,0.82) 0.005
0% No PCR 274 89 65%
T T T T T T T T
0 1 2 3 4 5 6 7
Years since Landmark date (30wks after randomisation)
pCR 137 131 117 106 98 90 72 14
No pCR 274 238 206 173 155 149 112 24

Test for interaction: pCR x hormone receptor status p = 0.29

Hormone receptor positive
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60%
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40% -
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patients events rate cf. Tras
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Hormone receptor negative

100% -|

80% |

60% -

pCR
| No pCR

Event free survival

40%

20% -

No. No. 6yrEFS Hazardratio p-value
patients events rate cf. Tras
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0% -[NOPCR 124 48 57%
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0 1 ] 3 4 5 6 7

Years since Landmark date
pCR 87 84 75 66 62 57 45 6
NopCR 124 101 85 69 61 58 47 | 4

Fig. 3. Kaplan—Meier plots showing event-free survival (EFS) for the pCR and no pcR groups by the hormone receptor status. pCR

indicates pathological complete remission.

to 77% when a pCR was achieved. Other trials also re-
ported that pCR rates were significantly higher in the
HR-negative cohort after anti-HER2—based therapy
[5,11,12,16,17]. These data are in line with a recently
published meta-analysis investigating a bigger, however,
less homogenous population for the association of pCR
and long-term outcome in HER2+ breast cancer [11].
Similar results were reported in a meta-analysis by
Cortazar et al. [10] where the association between a pCR
and long-term outcome was strongest in patients with
triple-negative and HER2+4+/HR— tumours.

In our update of the NeoALTTO trial, 6-year OS and
EFS rates were not statistically significant between the
three treatment arms, but NeoALTTO was powered to
detect differences in pCR rates between the arms and
was underpowered to detect modest treatment differ-
ences with respect to EFS and OS. Thus, statistically
significant differences would have been observed only if
true treatment effects were large. Of note, in our trial,
the combination of T and L showed numerically higher
EFS that T, particularly in the hormone receptor
negative subset (13% fewer events). A significant EFS
advantage, however, for the combination of L + T, both
for overall and the HR-negative cohort, was recently
shown for the smaller CALGB 40,601 trial although
pCR rates in the breast were not significantly different

between the three groups [18]. In CALGB 40,601,
similar to NeoALTTO, patients with primary breast
cancer were preoperatively treated with weekly pacli-
taxel combined with T, L or L + T for 16 weeks. In
contrast to NeoALTTO, following anthracycline-based
chemotherapy after surgery anti-HER2 treatment was
continued with T for 34 weeks for all patients rather
than with the randomised anti-HER?2 therapy. pCR was
also associated with favourable long-term outcome,
most pronounced in the hormone receptor negative and
HER2-enriched subtype.

All these data support the notion that the HER2+/
hormone receptor population is biologically different
from the HER2+/hormone receptor + cohort. Gene
expression arrays showed molecular heterogeneity of the
HER?2 subtypes with a much higher rate of the HER2-
enriched subtype in the hormone receptor/HER2+
population than the HR + population [17—20] and a
higher likelihood of achieving a pCR [17—23]. Among
the different HER2 subtypes, the HER2-enriched sub-
type is likely to have the highest activation of the HER2/
epidermal growth factor receptor pathway [21,24]. The
dual blockade may thus be most successful in these
particularly HER2-addicted cancers, and this would
explain that in NeoALTTO, the association of pCR and
long-term outcome was much higher (and statistically
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Fig. 4. Kaplan—Meier plots showing overall survival (OS) for the pCR and no pcR groups by the hormone receptor status. pCR indicates

pathological complete remission.

significant) in the combination arm (19% difference of
EFS in favour of the pCR patients) than the mono-
therapy arms, where the difference was less evident.
However in the NeoALTTO trial, a high expression of
mRNA levels of ERBB2/HER?2 and the HER2-enriched
subtype, both predicting a higher likelihood of a pCR,
were not associated with EFS after correction for mul-
tiple testing, but this analysis was underpowered [21].
Data regarding the activity of L as monotherapy in
the neoadjuvant setting are conflicting. In the Gepar-
quinto trial, the combination of epirubicine cyclophos-
phamide (EC) + docetaxel and L was inferior to the
combination of EC + docetaxel and T with regard to the
pCR rates [23,25]. By contrast, in the NSABP B-41 trial,
the pCR rate was not decreased by the substitution of T
with L in addition to a taxane-based therapy. Explor-
atory analyses however suggest that the three treatment
arms are different in long-term outcomes [26]. In the
NeoALTTO trial, similar to the CALGB 40,601 trial
[17], L as monotherapy was not inferior to T both in
terms of short-term and long-term outcomes. This is
noteworthy to mention because in ALTTO [27,28], the
adjuvant sister of the NeoALTTO trial, an inferior
disease-free survival outcome with L compared with T
led to a premature closure of the L arm by the Inde-
pendent data monitoring committee (IDMC) at an
interim analysis, while in NeoALTTO, observed

differences between L and T were very small. Although
the designs appear to be very similar, there are differ-
ences between ALTTO and NeoALTTO that may
explain the apparent discrepancy. In NeoALTTO,
except for the first 6 weeks, anti-HER?2 treatment was
given in combination with a taxane-based chemo-
therapy. By contrast, in the ALTTO trial, almost all of
the patients contributing to the interim analysis results
were treated with a sequential approach where anti-
HER2 therapy followed completion of all chemo-
therapy. In addition, ALTTO had included a lower risk
patient population (about 40% tumours < 2 cm and 40%
of node-negative disease), which contrasts with Neo-
ALTTO, where all patients had to have a tumour
of > 2 cm.

5. Conclusions

The NeoALTTO trial shows that achieving a pCR is
important in HER2-positive disease and translates into
a better EFS and OS. This association was more clearly
seen in the hormone receptor—negative cohort and in
patients assigned to the L + T arm. EFS and OS after 6
years did not significantly differ between the 3 treatment
groups although L + T showed numerically higher EFS
than T in the hormone receptor—negative group. This
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observation underlines that the hormone receptor—-
negative, HER2-positive tumours are a distinct tumour
entity, which may benefit the most from dual anti-HER?2
blockade.).
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