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Abstract Introduction: Human epidermal growth factor receptor 2 (HER2) ampliﬁcation is
present in a subgroup of gastroo-esophageal cancers (GCs). HER2 inhibition with trastuzumab has shown to improve outcomes in advanced disease. Lapatinib ditosylate (LAP),
a dual anti-epidermal growth factor receptor (EGFR) and anti-HER2 tyrosine kinase inhibitor with preclinical activity against GC, has been approved in HER2-positive breast cancer.
We aimed to study the activity of LAP in HER2-ampliﬁed GC.
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Materials and methods: Patients (pts) with HER2-positive (gene ampliﬁcation or increased
copy numbers based on predeﬁned criteria) advanced GC were randomly allocated 1:1 to
receive LAP 1250 mg per day 1–21 plus capecitabine (CAP) 2000 mg/m2 on days 1–14 of a
21-day cycle or LAP 1500 mg monotherapy day 1–21 after having failed on a platinum-based
ﬁrst-line therapy. HER2 status was assessed centrally. The primary end-point was the objective response rate (ORR) as assessed by the investigator using Response Evaluation Criteria in
Solid Tumors (RECIST, version 1.1). We aimed to include 38 pts per arm to show an interesting response rate of P20% in either of the two arms.
Results: 37 pts were enrolled (18 to LAP + CAP, 19 to LAP). Pts had received a median of
three prior treatment lines. 12 pts in the LAP + CAP group (67%) and 12 pts in the LAP
group (63%) had received prior trastuzumab. Only two pts (11.1%; 95% conﬁdence interval
(CI): 1.37–34.7), both in the LAP + CAP arm, achieved an objective response. The study
was closed prematurely for futility. Median time to progression was 42 (95% CI: 38–61) days
in the LAP group and 83 (95% CI: 42–86) days in the LAP + CAP group. Other secondary
efﬁcacy end-points (progression-free and overall survival) were comparable in the two treatment groups. Rates of diarrhoea were higher with LAP + CAP (61%; 95% CI: 35–83) compared to 26% (95% CI 9–51) with LAP mono, whereas other adverse events were mostly
similar between the groups (18 [100%] versus 17 [90%]).
Discussion: Lapatinib showed insufﬁcient activity in HER2-ampliﬁed pretreated advanced
GC. The safety proﬁle of LAP or LAP + CAP was as expected with some more toxicity in
the combination arm. (ClinicalTrials.gov Identiﬁer, NCT01145404).
Ó 2015 Elsevier Ltd. All rights reserved.

1. Introduction
Gastro-oesophageal cancer (GC) is one of the leading
causes of cancer-related death worldwide [10]. For
patients with advanced disease, outcomes are poor with
a median survival of 8–12 months with ﬁrst-line chemotherapy [14]. Despite recent advances in the molecular
characterisation of GC, there is still a lack of eﬀective
targeted therapies. The human epidermal growth factor
receptor 2 (HER2) is overexpressed in approximately
20% of GC patients. In HER2-positive advanced GC,
the international phase III ‘Trastuzumab for Gastric
Cancer’ (ToGA) study showed a signiﬁcant improvement in overall survival with the addition of trastuzumab to cisplatin and a ﬂuoropyrimidine [1].
Consequently, recent practice guidelines recommend
trastuzumab in combination with chemotherapy represents as the standard of care for ﬁrst-line treatment of
HER2-positive advanced GC [15,21]. Unfortunately,
when primary or secondary resistance occurs survival
is short with a median of only 3–4 months [11]. Postprogression chemotherapy with single agents is eﬀective
in advanced GC and has now become a proven treatment option, although the beneﬁt compared to active
symptom control is moderate with an improvement in
median survival of only 1.5 months [4,5,11]. Recently,
the results of the RAINBOW trial have demonstrated
that the combination of the vascular endothelial growth
factor (VEGF) receptor-2 antibody ramucirumab in
combination with paclitaxel can prolong survival by
2.2 months compared with paclitaxel alone and
represents a new eﬀective treatment option in
second-line therapy of advanced gastric cancer [23].

Lapatinib (LAP) is an orally available small molecule
that inhibits the tyrosine kinases of HER2 and
epidermal growth factor receptor (EGFR). In preclinical
studies, lapatinib has shown to selectively inhibit HER2ampliﬁed human GC cells and was synergistic with
trastuzumab in vitro and in vivo [22]. Lapatinib was
not cross-resistant with trastuzumab in breast cancer
cells [12]. The rationale for combining lapatinib and
capecitabine in patients with ﬂuoropyrimidine-refractory tumours was the assumption that lapatinib may
restall sensitivity to ﬂuoropyrimidines. However, results
of the randomised Phase III TRIO-013/Logic trial could
not demonstrate a signiﬁcant improvement in overall
survival with the addition of LAP to capecitabine
(CAP) plus oxaliplatin (CapeOx) as ﬁrst-line treatment
of advanced HER2-positive GE cancer [8]. Subsequently, the recently published Asian TyTAN trial also
failed to show a signiﬁcant survival beneﬁt for the combination of LAP and paclitaxel to weekly paclitaxel
alone in the second line treatment of HER2-ampliﬁed
GC [17]. Recent evidence has shown that inhibition of
EGFR with monoclonal antibodies has not improved
outcomes in advanced GC [13,20].
This phase II randomised study was designed to
explore the activity and safety of LAP either given alone
or in combination with CAP in advanced HER2positive GC previously treated with a platinum-based
ﬁrst-line therapy.
2. Methods
This multicentre, open-label, randomised, controlled
phase II study was conducted at 11 active institutions
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within the Arbeitsgemeinschaft Internistische Onkologie
(AIO). The protocol was approved by the leading ethics
committee (EC) for human research at the University of
Heidelberg as well as by the EC of each participating
centre. All aspects of the study were done in accordance
with the Declaration of Helsinki, including all of its relevant amendments and the guidelines for Good Clinical
Practice of the International Conference on Harmonization. An independent data safety and monitoring board
(DSMB) monitored recruitment, safety and outcome.

2.1. Patients
Patients P18 years with histologically conﬁrmed
HER2-positive metastatic gastrooesophageal adenocarcinoma (GC) were eligible for inclusion if they had documented disease progression during or within 6 months
after treatment with at least one cytotoxic regimen for
metastatic disease including a platinum compound.
The HER2 status was considered positive when HER2
gene ampliﬁcation (HER2/CEP17 ratio P2.0) was conﬁrmed by central lab using ﬂuorescent in situ hybridisation (FISH) (HER2 FISH pharmDxe Kit (Dako). The
HER2/CEP17 ratio was deemed preferable to the heterogeneous HER2 immunohistochemistry (IHC) staining
pattern and the subjective categorisation according to
diﬀerent IHC scores used in routine practice. Further
inclusion criteria were an Eastern Cooperative Oncology
Group performance status 62; a left ventricular ejection
fraction (LVEF) of P50%, a measurable cancer lesion,
life expectancy of at least 12 weeks and an adequate haematological, renal and hepatic function. All patients
gave their written informed consent.

2.2. Study design
Patients were randomly assigned in a 1:1 ratio to
receive LAP + CAP or LAP alone. Randomisation
was done via a centralised internet-based system. The
combination regimen consisted of LAP at a dose of
1250 mg daily, 1 h before or after meal on a continuous
basis, and CAP at a dose of 2000 mg per square metre of
body-surface area in two divided doses on days 1
through 14 of a 21-day cycle. LAP monotherapy was
administered at a dose of 1500 mg daily d1–21, with
one cycle deﬁned as 21 days.
Dose adjustments were made for grade 3 toxicity or
higher. Standard recommendations for CAP dosage
modiﬁcations were followed for the management of
adverse events (2006). LAP was withheld for up to
14 days for Pgrade 4 haematological toxicity or any
other Pgrade 3 toxicity. After recovery from Pgrade
4 haematologic toxicity or grade 3 toxicity, LAP was
to be resumed at a one-time decrease of dose by
250 mg. Adverse events were assessed according to the
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National Cancer Institute’s Common Terminology Criteria for Adverse Events (CTCAE version 3.0).
Patients continued on protocol until disease progression, symptomatic deterioration, unacceptable toxicity,
treatment delay for any reason >2 weeks or withdrawal
of consent.
2.3. Tumour assessments
Patients were assessed every 6 weeks during study
treatment until progression of disease or death. Survival
status was assessed until six months following study
treatment. The determination of response was based
on the Response Evaluation Criteria in Solid Tumors
(RECIST, version 1.1). Safety and laboratory assessments were performed at screening, on day 1 and once
every 3 weeks and at the end of study. 12-lead electrocardiograms (ECGs) and echocardiography were performed at screening, at cycle 3 and at cycle 7.
2.4. Study end-points
The primary end-point was the objective response
rate (ORR) deﬁned as complete or partial response
(CR or PR) according to RECIST – all to be conﬁrmed
by at least two consecutive response assessments within
no shorter than 4 weeks. Response was assessed by the
local investigator team. Secondary end-points were time
to progression (TTP), deﬁned as the time from ﬁrst dose
of study medication to ﬁrst observed progression, progression-free survival (PFS), deﬁned as the time from
the date of ﬁrst dose of treatment to the date of the ﬁrst
progression of disease (PD) or death due to any cause,
overall survival (OS), deﬁned as the time from ﬁrst
treatment administration to death from any cause, and
safety.
2.5. Statistical analysis
The sample size estimation was based on the primary
end-point, ORR and was calculated by Simon two-stage
minimax design [18] for each study arm. No formal statistical comparison between the two arms was planned.
The stipulated working null hypothesis for the ORR
was 5% versus an alternative hypothesis of an ORR of
20%. The type I error for each of the two arms in this
two-stage design was 5%, and the power was 90%.
Under these assumptions, the required sample sizes of
the ﬁrst and second stages were 29 and nine patients in
each arm, i.e. a maximum total patient number of 38
per arm.
Considering the premature closure of this trial after
the inclusion of 37 patients, any conﬁrmatory statistical
analyses were deemed inappropriate. The statistical
analysis actually performed was therefore done in a
strictly exploratory and mainly descriptive manner. All
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data collected which have value towards assessing the
safety, eﬃcacy or other properties of the drug are
reported in either the summary presentations or listings
or in both.
Exploratory analysis of the eﬃcacy end-points: Estimates of the ORR and exact 95% conﬁdence intervals
(CIs) were calculated for the percentage of patients with
response according to Clopper–Pearson [2]. Standard
methods for survival analysis were used in the analysis
of time-to-event end-points TTP, PFS and OS. The
Kaplan–Meier estimate was used to compute the proportion surviving with the 95% CI, calculated using
Greenwood’s formula. The treatment group eﬀect is estimated using the log-rank test. The hazard ratio and the
corresponding 95% CI are estimated by proportional
Hazards regression [3].
2.6. Analysis of the safety data
AEs were coded according to MedDRA (Medical
Dictionary for Regulatory Activities) 15.0 and grouped
by body system. Patient disposition was presented using
the CONSORT ﬂow diagram [16]. Summary descriptive

statistics were performed for all other data collected i.e.
patient characteristics, prior and concomitant medications, vital signs, ECG, study drug administration,
extent of exposure and laboratory data.
3. Results
From December 2010 to February 2013, 65 Patients
were screened in 11 centres and 37 patients were randomised into the two treatment groups (Fig. 1). In March
2013 the study was stopped prematurely after discussion
within the DSMB due to scientiﬁc reasons. The decision
was based on the high probability that the study endpoints would not be met. It was not based on the formally planned interim analysis or an accumulation of
SAE or death. Of the 37 randomised patients, 19 patients
were randomly assigned to LAP alone, and 18 were
assigned to LAP + CAP. The main reasons for discontinuation of study treatment were death in ﬁve and investigators decision in two patients in the LAP + CAP arm,
and withdrawal of informed consent in three, investigators decision in three and death in three patients in the
LAP arm. For the other patients, progression of disease

Fig. 1. Patient disposition CONSORF ﬂow diagram.
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led to termination of study treatment. Here we report the
results of the analysis of all 37 patients.
3.1. Treatment delivery
The median duration of treatment with LAP was
44 days (range 7–133 days) and 56 days (range 2–
286 days) with LAP + CAP. The median number of
treatment cycles was 3 in both groups. The median daily
dose of CAP was 3.400 mg in the LAP + CAP group.
The median daily dose of LAP in the LAP + CAP group
was 1250 mg and 1500 mg in the LAP group. Of the 37
randomised patients one patient (3%) treated in the LAP
arm had a dose reduction, while no dose reductions of
lapatinib were necessary in the LAP plus CAP arm.
Reasons for treatment discontinuation included progressive disease, 10 (55.6%) with LAP + CAP versus 16
(84.2%) with LAP; death 3 (16.7%) with LAP + CAP;
toxicity 1 (5.6%) with LAP + CAP and 1 (5.3%) with
LAP, and patient refusal 1 (5.6%) with LAP + CAP
and 2 (10.5%) with LAP.
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had received previous chemotherapy for advanced disease. There was an imbalance between the two treatment
groups with regard to previous surgery (72.2% with
LAP + CAP versus 36.8% with LAP). A similar number
of patients in both arms had been pre-treated with trastuzumab (12 pts in each arm). Of note, patients in the
LAP + CAP arm had a longer median time from end
of previous chemotherapy to ﬁrst documentation of disease progression compared to patients treated in the
LAP arm (135 days versus 76 days).
3.3. Her-2 overexpression
In 35 of the 37 patients HER2 was tested positive
(HER2/CEP17 ratio P 2) with FISH. The mean
HER2/CEP17 ratio was 5.33 in the LAP plus CAP
arm and 6.99 with LAP alone (Table 1). IHC was not
requested in 24 patients. The majority of the patients
with available IHC (n = 13) were reported to have an
IHC score 3+(n = 11) or 2+(n = 2) staining intensity.
3.4. Safety

3.2. Patient population
Baseline characteristics for the 37 eligible and assessable patients are presented in Table 1. All 37 patients

All patients in the LAP + CAP group had adverse
events of any grade compared with 17 (89.5%) patients
in the LAP group (Table 2). Most AEs were grade 1

Table 1
Patient, tumour and treatment characteristics.
LAP + CAP

No. of patients
Median age, years; (range)
Gender
Male/female
ECOG Performance status, median
0
1
2
Site of tumour
Lower oesophagus
Esophagogastric junction
Stomach
Histological subtype (Laurén classiﬁcation)
Intestinal
Non-intestinal (mixed or diﬀuse)
Missing
Mean HER2/CEP17 ratio (range)b
Number of metastatic sites
0–2
P3
Previous anti-cancer treatment
Chemotherapy for advanced disease
Platinum plus ﬂuoropyrimidine
Prior trastuzumab
Primary tumour present
Prior GC surgery

LAP

No.

%a

18
56 (44–75)

62 (46–76)

17/1

94/6

14/5

74/26

8
8
2

44
44
11

10
8
1

53
42
5

4
9
5

22
50
28

3
6
10

16
32
53

9
3
6
18

75
25

83
17

5.33 (2.28–17.83)

10
2
7
17

7
11

39
61

4
15

21
79

18
18
12
5
13

100
100
67
28
72

19
19
12
12
7

100
100
63
63
37

No.

%a

19

6.99 (2.21–22.50)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; GC, gastric cancer; LAP, lapatinib; CAP, capecitabine.
a
Percentage was calculated on non-missing values only.
b
HER2/CEP17 ratio P2; central laboratory test. Two cases had not enough tumour sections to complete biomarker analysis and results from
peripheral pathology institutes were accepted for inclusion.
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Table 2
Haematological and non-haematological AEs (National Cancer Institute Common Toxicity Criteria, Version 3.0).
Adverse event

LAP–CAP (n = 18)
Any grade

Anaemia
Leucopenia
Abdominal Pain
Diarrhoea
Nausea
Emesis
Stomatitis
Fatigue
Asthenia
Hypokalaemia
Peripheral neuropathy
Rash
Pruritus
Hand-foot syndrome
Dysponea

LAP alone (n = 19)
Grade 3/4/5

Any grade

Grade 3/4/5

No.

%

No.

%

No.

%

No.

%

4
1
4
11
5
3
2
8
5
4
1
1
2
4
0

22
6
22
61
28
17
11
44
28
22
6
6
11
22
0

2
1
1
1
0
1
0
2
1
1
0
0
0
0
0

11
6
6
6
0
6
0
11
6
6
0
0
0
0
0

2
0
2
5
5
4
0
6
3
1
1
3
1
0
4

11
0
11
26
26
21
0
32
16
5
5
16
5
0
21

2
0
0
0
0
1
0
1
2
1
0
0
0
0
3

11
0
0
0
0
5
0
5
11
5
0
0
0
0
16

Abbreviations: LAP, lapatinib; CAP, capecitabine.

or 2. Diarrhoea, fatigue and nausea were the most common adverse events in both treatment arms, however
diarrhoea was more common in the combination than
in the monotherapy group (61 versus 26%) but was generally mild. Severe adverse events (CTCAE grade 3–5)
were comparable in both arms (10 patients in each
group). Cardiac events were identiﬁed in three patients
(17%) in the combination-therapy group (n = 2 sinus
tachycardia, n = 1 palpitations) and in two patients
(11%) in the monotherapy group (n = 2 tachyarrhythmia). All of these events were considered to be unrelated
to treatment, and all patients had a left ventricular
ejection fraction (LVEF) value that was at or above
the lower limit of the normal range on subsequent
assessment.
The number of patients who discontinued treatment
due to an AE was higher with LAP + CAP compared
with CAP (33.3% versus 26.3%). No toxic death with
suspected relation to study treatment was observed with
either treatment regimen. On total, nine patients, three

in the LAP (15.8%) and six with LAP + CAP (33.3%)
stopped study treatment due to disease progression.
3.5. Eﬃcacy results
After the DSMB recommended premature study discontinuation, all eﬃcacy parameters were analysed for
the intent-to-treat (ITT) analysis set.
With respect to the primary end-point, objective
response rate was 11% (n = 2) with LAP + CAP and
0% with LAP (95% CI 1.37–34.7). The corresponding
disease control rates were 17% for LAP + CAP and
11% for LAP (Table 3). Response data were unavailable
in ﬁve patients in LAP + CAP (28%) and in two patients
in the LAP group (11%). Median time to progression
was 83 days (95% CI 42–86) in the LAP + CAP group
and 42 days (95% CI 38–61) in the LAP group
(Fig. 2A). The results of the other eﬃcacy end-points
(PFS and OS) were comparable in the two treatment
groups. Median OS was not reached in the

Table 3
Antitumour activity (n = 37).
End-point

Overall response (RECIST)
Complete response (CR)
Partial response (PR)
Stable disease (SD)
Progressive disease (PD)
Disease control rate (PR + SD)
TTP (days) median (95% CI)
PFS (days) median (95% CI)
OS (days) median (95% CI)

LAP–CAP (n = 18)

LAP (n = 19)

n (%)

95%-CI

n (%)

95%-CI

–
2 (11)
1 (6)
10 (56)
3 (17)

–
1.7–34.7
1.4–27.3
30.8–78.5
3.6–41.4
83 (42–86)
47 (40–83)
–

–
0 (0)
2 (10)
15 (79)
2 (10)

–
.–17.6
1.3–33.1
54.4–93.9
1.3–33.1
42 (38–61)
41 (37–50)
142 (53–.)

Abbreviations: LAP, lapatinib; CAP, capecitabine; CI, conﬁdence interval; CR, complete remission, PR, partial remission, RECIST, Response
Evaluation Criteria In Solid Tumors; SD, stable disease; TTP, time to progression; OS, overall survival.
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Fig. 2. Kaplan–Meier estimates of time to progression (TTP, A) and
overall survival (OS, B).

combination-therapy group and was 142 days with LAP
monotherapy (HR 1.06; 95% CI 0.34–3.29) (Fig. 2B).
Of note, the two patients treated with LAP + CAP
who achieved a partial response were both tested FISH
positive with a HER2/CEP17 ratio of 9.52 and 3.28,
respectively. Both patients were also tested IHC3+ (in
an after study review). One patient had received trastuzumab during 1st-line and was on study treatment
for 8.3 months. He also received further post-progression therapy. The survival time since start of LAP +
CAP therapy was 18 months. The other patient was
trastuzumab-naı̈ve and was on study treatment for
9.3 months. The survival time of this patient after start
of LAP + CAP therapy was also 18 months.
4. Discussion
This trial failed to show a clinically relevant activity
of lapatinib in patients with HER2-positive gastric cancer who had progressed to platin-ﬂuoropyrimidinebased chemotherapy in previous treatment lines given
for advanced disease. In our trial, only two objective
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responses (11%) were observed with the combination
of LAP plus CAP, and no objective response was
reached with LAP alone. In view of the currently available evidence from several studies, including ours, one
must conclude that LAP is probably not an eﬀective
agent for treating GC [8,9,17]. The responses observed
in our study can potentially be attributed to CAP treatment alone and they are comparable to the rate of partial remissions seen with 2nd-line irinotecan or
docetaxel, showing a partial response rate between 7%
and 10% [4,11,19]. TTP was almost doubled when
CAP was added to LAP, while TTP with LAP monotherapy of only 42 days was in the range of what is
expected with best supportive care alone [5]. In addition,
OS with LAP monotherapy was modest with a median
of 142 days which is comparable with 4–5 months of
what has been reported with second-line chemotherapy
[11,19]. Recently the phase III TYTAN study failed to
demonstrate any OS and PFS beneﬁt with the combination of LAP and weekly paclitaxel compared to paclitaxel alone [17], however, there was a signiﬁcant beneﬁt
in ORR with the addition of LAP (27% versus 9%;
p < 0.001). Of note, better eﬃcacy for the LAP combination was demonstrated in IHC3+ patients; however, the
subgroup in TYTAN was small and interpretation has
to be done with caution. As the sample size in our trial
was even smaller and IHC analysis was not mandatory,
further subgroup analysis could not be performed.
One could argue that selection of patients with
HER2 positive GC by in-situ-hybridisation was not
the best choice. On the other hand, a recent study published by Gomez et al. has demonstrated that the level
of HER2 ampliﬁcation or increased copy numbers has
a predictive value for the eﬃcacy that can be reached
with trastuzumab treatment in GC [6]. In contrast,
ToGA and TYTAN showed a good correlation
between HER2 IHC scores and response to trastuzumab and LAP.
The safety proﬁle for lapatinib was consistent with
data from advanced breast cancer [7] and gastric cancer
[17]. Lapatinib did not appear to signiﬁcantly augment
toxicities from concomitant ﬂuoropyrimidine therapy.
The most frequent adverse events were diarrhoea, fatigue and nausea. The excess in adverse events in the combination therapy group appeared speciﬁc to the toxicity
proﬁle of capecitabine, with patients more likely to
suﬀer from mild diarrhoea, stomatitis and hand-footsyndrome. Of note, the unexpected high number of
patients who terminated treatment due to early disease
progression (three with LAP and six with LAP + CAP),
can be explained by the very poor prognosis of this disease, speciﬁcally after previous treatment lines. In addition, it is also an expression of an ineﬀective therapy.
In summary, although there was a trend towards a
survival advantage with LAP plus CAP in the exploratory analysis, LAP failed to show suﬃcient activity,
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both as monotherapy and in combination with capecitabine in HER2-ampliﬁed pretreated advanced GC.
However, due to the premature enrolment termination,
any far-reaching conclusions with regard to study
objectives would not be appropriate. The presence of
drug resistance mechanisms or alternative pathways of
escape from HER2- targeted therapy requires further
investigation.
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