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Purpose: Brain metastases develop in one third of patients with advanced HER2+ breast cancer.
Effective therapy for patients with central nervous system (CNS) progression after cranial
radiation is extremely limited and represents a major clinical challenge. Lapatinib, an epidermal
growth factor receptor/HER2 inhibitor, was associated with regressions of CNS lesions in a small
phase 2 trial. The current study was done to further evaluate the CNS activity of lapatinib. The
study was later amended to allow patients who progressed on lapatinib the option of receiving
lapatinib plus capecitabine.
Experimental Design: Eligible patients had HER2+ breast cancer, progressive brain
metastases, prior trastuzumab, and cranial radiotherapy.The primary end point was CNS objective
response, defined as z50% volumetric reduction of CNS lesion(s) in the absence of increasing
steroid use, progressive neurologic signs and symptoms, or progressive extra-CNS disease.
Results: Two-hundred and forty-two patients entered the study. CNS objective responses
to lapatinib were observed in 6 % of patients. In an exploratory analysis, 21% of patients
experienced a z20% volumetric reduction in their CNS lesions. An association was observed
between volumetric reduction and improvement in progression-free survival and neurologic signs
and symptoms. Of the 50 evaluable patients who entered the lapatinib plus capecitabine
extension, 20% experienced a CNS objective response and 40% experienced a z20% volumetric
reduction in their CNS lesions.
Conclusions: This study confirms the modest CNS antitumor activity of lapatinib. Additional
responses were observed with the combination of lapatinib and capecitabine. Further studies of
lapatinib-based regimens for CNS metastases from HER2+ breast cancer are warranted.

Brain metastases are diagnosed in approximately one third of
women treated with trastuzumab for advanced HER2+ breast
cancer (1 – 5). The high incidence of HER2+ central nervous
system (CNS) disease likely results from the inability of

trastuzumab to cross the blood-brain barrier, in combination
with a predilection of breast cancers that overexpress HER2 to
metastasize to visceral sites, including the brain (6 – 9). Despite
initial therapy with whole-brain radiotherapy or stereotactic
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Abstract

Lapatinib for Brain Metastases from HER2+ Breast Cancer

EGF105084 was amended to allow patients, whose disease
progressed on single-agent lapatinib, the option to receive the
combination of lapatinib plus capecitabine.

Translational Relevance
Approximatelyonethirdof womenwithadvancedHER2+
breastcancer willgoonto developbrainmetastases.Despite
the prevalence of brainmetastases in this patient population,
effective therapy for patients with central nervous system
(CNS) progression after cranial radiation remains extremely
limited and represents a major clinical challenge. As the
survival of patients with HER2+ breast cancer continues
to improve, the need for effective salvage therapies after
cranial radiotherapy will only increase.
This study enrolled more than 240 patients with progressive HER2+ brain metastases after cranial radiotherapy and
trastuzumab.To our knowledge, it is the largest prospective
study conducted to date evaluating systemic therapy for
patients with brain metastases from breast cancer, which
underscores the feasibility of conducting medical oncology
treatment trials in this population. We observed a CNS
objective response rate of 6% to lapatinib. In an exploratory
analysis, 21% of patients achieved at least a 20% reduction
in the volume of their CNS lesions. Additional responses
were documented in patients who joined an optional extension phase of the study and who were treated with lapatinib
plus capecitabine after progression on lapatinib alone.
Based on these data, further studies of targeted therapy for
brain metastases are warranted and ongoing.

Materials and Methods
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radiosurgery, a substantial proportion of patients die of
neurologic causes rather than of progressive extracranial disease
(1). The development of effective systemic therapy for recurrent
brain metastases remains a major challenge and an urgent
medical need.
Lapatinib is a small-molecule tyrosine kinase inhibitor that
inhibits the epidermal growth factor receptor and HER2. In a
BALB/c nude mouse model, lapatinib inhibits the colonization
of a brain-seeking derivative of the human MDA-MB-231
(231BR) cell line overexpressing both epidermal growth factor
receptor and HER2 (10). In mice with established brain
metastases, treatment with lapatinib also results in a statistically
significant decrease in phosphorylated HER2, suggesting that
pharmacologically relevant levels are achieved in CNS metastatic lesions (10).
Modest single-agent activity with lapatinib was observed in a
pilot study of 39 women with progressive brain metastases
from HER2+ breast cancer (11). Lapatinib combined with
capecitabine increased the response rate and resulted in a
statistically significant improvement in time to progression as
compared with single-agent capecitabine in a phase III study of
patients with refractory HER2+ metastatic breast cancer (12).
In an exploratory analysis of this study, fewer CNS-progression
events were observed in patients treated with lapatinib
plus capecitabine compared with those treated with capecitabine alone.
The current study, EGF105084, was conducted to evaluate
the activity of lapatinib in patients with progressive brain
metastases from HER2+ breast cancer following prior trastuzumab and cranial radiotherapy. After release of the results of the
phase III capecitabine plus lapatinib trial described above,

Patients. Patients were enrolled from 63 centers between December
2005 and January 2007 and assigned to one of two cohorts: cohort A—
Eastern Cooperative Group performance status (PS) 0 to 1 and 1 or 2
prior trastuzumab regimens; cohort B—Eastern Cooperative Group PS 2
and/or >2 prior trastuzumab regimens.
Patients were eligible if they had HER2+ breast cancer (defined as 3+
immunohistochemistry or evidence of gene amplification by fluorescence in situ hybridization) and unequivocal evidence of new and/or
progressive brain metastases after completion of whole-brain radiotherapy or stereotactic radiosurgery. At least one brain lesion needed
to be measurable (z10 mm on T1-weighted, gadolinium-enhanced
magnetic resonance imaging). Prior treatment with trastuzumab was
also required. Additional inclusion criteria included age, z18 years, life
expectancy of z12 weeks, left ventricular ejection fraction within the
institution’s reference range, and adequate hematologic, renal, and
hepatic function. All radiotherapy, chemotherapy, and/or hormonal
therapy had to be completed at least 2 weeks before protocol treatment.
Concurrent administration of other antineoplastic agents, radiotherapy,
or inducers or inhibitors of CYP3A4 were not permitted. Concomitant
treatment with corticosteroids was permitted. Patients with leptomeningeal metastases as the only site of CNS involvement were excluded.
The study was conducted in accordance with the International
Conference on Harmonization Good Clinical Practice guidelines, in
accordance with the Declaration of Helsinki. The institutional review
board for each participating institution approved the study protocol. All
patients gave written informed consent. The trial was registered at the
ClinicalTrials.gov web site19 (no. NCT00263588).
Study design. This was an open-label, phase II study. The primary
end point was CNS objective response. Secondary end points included
safety and tolerability, neurologic signs and symptoms (NSS),
progression-free survival (PFS), and overall survival.
Administration of study treatment. The starting dose of single-agent
lapatinib was 750 mg twice daily (b.i.d.). Dose delays of up to 2 weeks
and two dose reductions, first to 1,500 mg once daily (q.d.) and second
to 1,250 mg q.d., were allowed for treatment-related toxicities.
When the study first opened, patients with extra-CNS progression but
stable or responsive CNS disease were given the option of enrolling into
the extension phase and to receive lapatinib in combination with other
systemic therapy until disease progression or withdrawal. In June 2006,
the study was later amended to allow patients with radiographically
documented CNS progression the option to continue to receive
lapatinib in combination with capecitabine. During the extension
phase, capecitabine was administered at 1,000 mg/m2 b.i.d. for 14 days
in each 21-day cycle in combination with lapatinib 1,250 mg q.d. One
dose reduction was allowed for capecitabine (750 mg/m2 b.i.d.) or
lapatinib (1,000 mg/d).
Efficacy assessments. Brain magnetic resonance images were
obtained every 8 weeks and included T1-weighted, contrast-enhanced
images at 3.0 mm slice thickness without gaps in the axial dimension.
All brain magnetic resonance images were evaluated by central,
independent review according to previously described methods (11).
Lesions previously treated with stereotactic radiosurgery were excluded
as target lesions. A CNS objective response was defined as either a
complete response or partial response (z50% reduction in the
volumetric sum of all measurable CNS lesions), provided there was
no progression of extra-CNS disease, increasing steroid requirements,
or worsening of NSS. Progressive disease was defined as the occurrence
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Results
Patient characteristics

Table 1 lists the characteristics of the patients included in the
study. In total, 242 patients were enrolled in the intent-to-treat
population (95 in cohort A and 147 in cohort B). The protocolstipulated accrual goal was 110 patients per cohort; however,
the final cohort assignment was made after central review of
treatment history and before any analysis, resulting in some
patients being reassigned to a different cohort and leading to
the observed imbalance between cohorts. All patients received
prior trastuzumab and cranial radiotherapy. Only 16 patients
(7%) had completed cranial radiotherapy within 3 months of
protocol entry; 71% of patients had received radiotherapy at
least 6 months prior to study entry. At baseline, 211 (87%)
patients had detectable extra-CNS metastatic disease, of which
130 had measurable extra-CNS disease, as defined by Response
Evaluation Criteria in Solid Tumors guidelines.
Fifty-one patients received lapatinib plus capecitabine during
the extension phase. Of these, three patients experienced only
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extra-CNS disease progression while on lapatinib monotherapy. One patient was excluded from CNS objective response
analysis because of lack of volumetric data.
Delivered therapy

Disease progression was the most common reason for
study medication discontinuation (74%). The median duration
of exposure to lapatinib monotherapy was 84 days (range,
1-336 days).
Thirty patients (12%) required an initial dose modification
from 750 mg b.i.d. to 1,500 mg q.d., and 14 patients (6%)
required a second dose modification to 1,250 mg q.d. Fifty
(21%) patients required dose delays. The majority of dose
delays and reductions were the result of nonhematologic
toxicity.
Toxicity

Lapatinib was generally well tolerated in this patient
population (Table 2). The most common adverse events were
diarrhea (65%), rash (30%), nausea (26%), and vomiting
(24%). The most common grade 3 adverse event was diarrhea
(13%), and two patients (<1%) experienced grade 4 diarrhea. A
total of 17 patients (7%) had serious or non – serious adverse
events that led to withdrawal from the study. Diarrhea was the
only adverse event that led to withdrawal in more than one
patient (two patients). One fatal serious adverse event was
reported in a patient who expired 3 days after initiating
lapatinib in the setting of high-dose opioids for pain.
The most common adverse events reported with the
combination of lapatinib plus capecitabine were palmarplantar erythrodysesthesia (45%), diarrhea (37%), and nausea
(29%). Palmar-plantar erythrodysesthesia (8%), nausea (8%),
vomiting (6%), and diarrhea (4%) constituted the most
common grade 3 adverse events. One fatal serious adverse
event was reported in a patient who died of a small intestinal
perforation deemed by the treating physician as unrelated to
lapatinib plus capecitabine.
Lapatinib monotherapy

Objective response rate. The CNS objective response rate was
6% in both cohorts (Table 3). A total of 15 partial responses
and no complete responses were seen. There was no statistically
significant difference in the rate of objective response according
to the presence or absence of corticosteroid use at baseline,
hormone receptor status, or time from last prior cranial
radiotherapy.
PFS. Among the 237 patients in the modified intent-to-treat
population, 215 (91%) experienced CNS and/or extra-CNS
disease progression or died by the time of analysis. The median
PFS was 2.4 months (Table 3). The percentage of patients
without disease progression at 2, 4, and 6 months was 53.5%
(95% CI, 47.1-59.9), 14.7% (95% CI, 10.1-19.3), and 5.9%
(95% CI, 2.2, 9.6), respectively. There was no statistically
significant difference in PFS according to the presence or
absence of corticosteroid use at baseline, hormone receptor
status, or time from last prior cranial radiotherapy.
The maximal volumetric change of CNS lesions was available
for 200 patients and is illustrated in Fig. 1. There were 19 (8%)
patients who experienced a z50% volumetric reduction in their
CNS lesions. The median PFS was longer in these 19 patients
compared with the rest of the study population: 3.38 months
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of any of the following: z40% increase in the volumetric sum of all
evaluable CNS lesions relative to the nadir, new CNS lesions,
progression of nonmeasurable CNS lesions, tumor-related increase in
steroid dose, new or worsening tumor-related NSS, or progression of
extra-CNS disease.
Neurologic exam was assessed at baseline and every 4 weeks. A
physician-reported NSS worksheet was developed for the purpose of
this study (Supplemental Fig. S1). The worksheet was derived from 13
adverse events selected from the literature (13) and measured by the
National Cancer Institute Common Terminology Criteria for Adverse
Events, version 3.0 (NCI CTCAE v3.0), and grouped into seven
categories, the details of which are found in the supplementary
information.
The response to lapatinib outside of the CNS was evaluated by the
investigator according to Response Evaluation Criteria in Solid Tumors
guidelines, based on magnetic resonance imaging or computed
tomography scans of the chest, abdomen, and pelvis obtained every
8 weeks.
Safety assessments. Adverse events were assessed every 4 weeks and
graded according to NCI CTCAE v3.0. Serious adverse events were
defined according to International Conference on Harmonization
Good Clinical Practice guidelines. Left ventricular ejection fraction
was assessed by echocardiogram or multigated acquisition scan every
8 weeks.
Statistical analysis. The null hypothesis was that the true CNS
objective response rate for single-agent lapatinib was V10%; the
alternative hypothesis was that the true CNS objective response rate
was z20%. A total enrollment of 220 patients (110 per cohort) was
planned (a level, 5%; power, 91%). Each cohort was evaluated
separately. If there were 17 or more patients in a cohort with a CNS
objective response, then the null hypothesis would be rejected. There
was no prespecified hypothesis for the extension phase.
The modified intent-to-treat population was the primary population
for the analysis of efficacy data and was prospectively defined as all
patients who received at least four doses of the study medication and
had measurable brain metastases at baseline. The intent-to-treat
population was defined as all patients who received at least one dose
of the study medication and was used to analyze safety data. CNS
objective response rate and improvement in NSS were summarized
using the exact 95% confidence interval (CI). PFS and overall survival
were summarized by the Kaplan-Meier method. Exploratory analysis
of PFS based on patients who had z20% volumetric reduction and
patients who had z50% volumetric reduction was done using the
Kaplan-Meier method and Cox regression. All P values were two-sided.

Lapatinib for Brain Metastases from HER2+ Breast Cancer

versus 2.07 months, respectively. A trend toward a lower risk of
disease progression or death was observed in these patients
relative to the rest of the population [hazard ratio (HR), 0.61;
95% CI, 0.37-1.01; Table 4].
There were a total of 50 (21%) patients who experienced a
z20% volumetric reduction in their CNS lesions. A lower risk
of disease progression or death was also observed in patients

with a z20% CNS volumetric reduction relative to the rest of
the population (HR, 0.51; 95% CI, 0.36-0.72); therefore, the
cutoff of z20% CNS tumor volume reduction seems to predict
PFS benefit at least as well as a cutoff of z50% volumetric
reduction (Table 4).
Site(s) of first progression. A total of 172 (73%) patients
experienced disease progression. The initial site of disease

Table 1. Demographics and baseline characteristics
Cohort B (n = 147)

Total (N = 242)

49.5 (29-77)

49 (27-87)

49 (27-87)

3 (3)
8 (8)
83 (88)

4 (3)
9 (6)
129 (88)

7 (3)
17 (6)
212 (88)

716 (102-3,796)

952 (79-4,452)

855 (79-4,452)

17
21
17
12
2
6
20

0
(18)
(22)
(18)
(13)
(2)
(6)
(21)

4
18
29
32
18
17
2
26

(3)
(12)
(20)
(22)
(12)
(12)
(1)
(18)

4 (2)
35 (14)
50 (21)
49 (20)
30 (12)
19 (8)
8 (3)
46 (19)

12
6
1
61
15

(13)
(6)
(1)
(64)
(16)

30 (20)
7 (5)
0
86 (59)
24 (16)

42 (17)
13 (5)
1 (<1)
147 (61)
39 (16)

46 (48)
49 (52)

80 (54)
67 (46)

126 (52)
116 (48)

8 (8)
82 (86)
5 (5)

11 (7)
129 (88)
7 (5)

19 (8)
211 (87)
12 (5)

11
41
1
42

(12)
(43)
(1)
(44)

20 (14)
49 (33)
1 (<1)
77 (52)

30 (32)
65 (68)
0
0
0
95 (100)
40 (42)

16
24
49
32
26
147
69

(11)
(16)
(32)
(22)
(18)
(100)
(47)

91 (96)
25 (26)
21 (22)

138 (94)
39 (27)
30 (20)

31 (33)
64 (67)
0
0

28 (19)
45 (31)
73 (50)
1 (<1)

31
90
2
119

(13)
(37)
(<1)
(49)

46
89
49
32
26
242
109

(19)
(37)
(20)
(13)
(11)
(100)
(45)

229 (95)
64 (26)
51 (21)
59
109
73
1

(24)
(45)
(30)
(<1)

Abbreviations: NOS, not otherwise specified; ER, estrogen receptor; PR, progesterone receptor; FISH, fluorescence in situ hybridization; WBRT,
whole-brain radiotherapy; SRS, stereotactic radiosurgery; ECOG PS, Eastern Cooperative Group performance status.
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Cohort A (n = 95)
Patient demographics
Median age, y (range)
Race
African American/African
Asian
White: White/Caucasian/European
Disease status
Median time since first diagnosis of metastatic disease, d (range)
Disease stage at first diagnosis, n (%)
0
I
IIa
IIb
IIIa
IIIb
IIIc
IV
Histology
Histology at first diagnosis, n (%)
Adenocarcinoma
Lobular invasive
Papillary
Infiltrating ductal NOS
Other
Combined receptor status, n (%)
ER+ and/or PR+
ER- and PRHER2 status—immunohistochemistry, n (%)
2+
3+
Unknown
HER2 status—FISH, n (%)
Not done
Positive
Negative
Unknown
Prior treatment
Prior trastuzumab regimens, n (%)
1 regimen
2 regimens
3 regimens
4 regimens
z5 regimens
Prior chemotherapy
Prior hormonal therapy
Prior radiotherapy
Prior WBRT
Prior SRS
Prior WBRT and SRS
ECOG PS, n (%)
0
1
2
3

Cancer Therapy: Clinical

Table 2. Incidence of the six most common
adverse events by maximum CTC toxicity grade
regardless of relationship (lapatinib monotherapy)
Patients, no. (%)
Adverse events

Grade 1

Grade 2

Grade 3

Total (N = 242)
Diarrhea
Rash
Nausea
Vomiting
Fatigue
Headache

65
50
36
32
27
28

61
15
21
16
19
13

30
6
7
9
6
4

(27)
(21)
(15)
(13)
(11)
(12)

(25)
(6)
(9)
(7)
(8)
(6)

(13)
(3)
(3)
(4)
(3)
(2)

Grade 4
2 (<1)
1 (<1)
0
0
0
0

progression in 66% of patients overall was in the CNS, with
or without extra-CNS disease progression. Only 16 (7%) patients
experienced disease progression exclusively outside of the CNS.
Improvement in NSS. Criteria for improvement in NSS
required a decrease by one or more grades from baseline of
any tumor-related NSS, with confirmation at least 4 weeks later
and no development or worsening in tumor-related NSS during
this interval, radiographic CNS or extra-CNS disease progression, or increase in steroid requirement. Improvement in any
non – tumor-associated NSS did not constitute an improvement
in NSS. Of 198 patients with NSS at baseline, improvement
was reported in 11.6% of patients (95% CI, 7.5-16.9) at week
8 on lapatinib. The most common NSS reported as improved
were dizziness (6 patients), ataxia or headache (7 patients
each), visual problems or vertigo (4 patients each), cranial
nerves or strength (3 patients each), and nausea, consciousness,
or seizure (2 patients each), with 12 out of 23 patients having
an improvement in two or more NSS. Improvement in NSS
was reported in 22.9% of patients (8 out of 35) who
experienced a z20% reduction in the volume of their CNS
lesions. In contrast, only 7.3% of patients (9 out of 124) who
did not experience a decrease in the volume of their CNS
lesions were reported to have improvement in NSS.

Fig. 1. Best percentage CNS volumetric change from baseline.

Overall survival. In total, 110 (46%) patients had died by
the time of the analysis. The median survival was 6.4 months.
Cohort A had a longer median survival than cohort B (9.6 and
5.5 months, respectively; Table 3). The difference in median
survival between the two cohorts seems to reflect the shorter
median survival of patients in cohort B with a baseline PS 2
[3.42 months (95% CI, 2.9-4.7) for a baseline PS 2 and
9.1 months (95% CI, 6.4-12.6) for a baseline PS 0 or 1].
Extra-CNS response. The degree to which objective
responses or decreases in tumor size in the CNS paralleled
that of the extra-CNS, and vice versa, was examined; however, it
should be noted that neither measurable nor progressive extraCNS disease was required for study entry. Of the 130 patients
with measurable extra-CNS disease at baseline, 19 (15%)
experienced an objective response by Response Evaluation
Criteria in Solid Tumors guidelines in those sites. Of these
19 patients, 3 experienced a CNS objective response, and 12
experienced a reduction in the volume of their CNS lesions.
Conversely, of the 16 patients with at least a 50% volumetric
reduction of CNS lesions and without steroid increase,

Table 3. Summary of efficacy for lapatinib monotherapy (MITT population)

Best overall response, n (%)*
Complete response
Partial response
Stable disease
Progressive disease
Unknown
Response rate (complete response + partial response)c
Exact 95% CI
Median PFS, mo (95% CI)
Median survival, mo (95% CI)

Cohort A (n = 94)

Cohort B (n = 143)

Total (N = 237)

0
6 (6)
41 (44)
39 (41)
8 (9)
6 (6)
(2.4-13.4)
2.73 (1.87-3.45)
9.56 (6.18-n/e)

0
9 (6)
47 (33)
69 (48)
18 (13)
9 (6)
(2.9-11.6)
2.07 (1.87-2.79)
5.49 (4.73-7.03)

0
15 (6)
88 (37)
108 (46)
26 (11)
15 (6)
(3.6-10.2)
2.40 (1.87-2.79)
6.37 (5.49-8.25)

Abbreviations: MITT, modified intent-to-treat; n/e, not estimable.
*Best response achieved during the study, starting from week 8 after study drug administration and until disease progression.
cA CNS objective response was defined as a z50% volumetric reduction in sum of CNS target lesions with no new or progressive CNS or extraCNS lesions, no increases in tumor-related steroid requirements, and no worsening of neurologic signs or symptoms.
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Abbreviation: CTC, National Cancer Institute Common Terminology Criteria.
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Table 4. PFS (subgroup analysis)
Patients experiencing
a z20% CNS
volumetric reduction
Yes

Patients experiencing
a z50% CNS
volumetric reduction

No

Yes

No

Lapatinib monotherapy
n
Median PFS, mo (95% CI)
PFS HR (95% CI)

50
186
3.61 (3.19-3.71)
1.87 (1.84-2.14)
0.51 (0.36-0.72)

19
217
3.38 (2.79-5.36)
2.07 (1.87-2.73)
0.61 (0.37-1.01)

Lapatinib + capecitabine extension phase
n
Median PFS, mo (95% CI)
PFS HR (95% CI)

20
30
4.60 (3.68-8.15)
1.89 (1.48-3.65)
0.34 (0.17-0.68)

11
39
6.21 (3.94-n/e)
3.12 (1.68-3.75)
0.33 (0.14-0.76)

9 patients had measurable extra-CNS disease at baseline; 3 of
these 9 (33%) patients experienced an objective response
according to Response Evaluation Criteria in Solid Tumors
guidelines, and 6 of these 9 patients experienced a reduction in
the size of extra-CNS lesions.
Lapatinib plus capecitabine combination

CNS objective response. Fifty patients opted to enter the
lapatinib plus capecitabine extension phase of the study and
had volumetric data available for central review. Ten of
50 patients (20%; 95% exact CI, 3.0-33.7) experienced a CNS
objective response. All objective responses were classified as
partial responses.
PFS. The median PFS for patients on lapatinib plus capecitabine was 3.65 months (95% CI, 2.43-4.37). The percentage of
patients free of disease progression at 2, 4, and 6 months was
66.3% (95% CI, 53.2-79.4), 37.3% (95% CI, 23.8-50.9), and
19.7% (95% CI, 7.6-31.7), respectively.
Twenty-two percent of patients experienced z50% reduction in the volume of CNS lesions. The median PFS was
6.21 months for patients who experienced a z50% reduction
in the volume of CNS lesions and 3.12 months for the remainder of the patients (HR, 0.33; 95% CI, 0.14-0.76; Table 4).
Forty percent of patients experienced z20% reduction in the
volume of CNS lesions. The durability of regressions in CNS
tumor volume for these 20 patients is shown in Fig. 2. The
median PFS was 4.60 months for patients who experienced
a z20% reduction in the volume of CNS lesions and
1.89 months for the remainder of the patients (HR, 0.34;
95% CI, 0.17-0.68; Table 4).

Discussion
Currently, there are limited therapeutic options for patients
with HER2+ breast cancer who develop progressive CNS disease
after cranial radiotherapy. In this prospective, multicenter
study, 6% of patients experienced a CNS objective response
with single-agent lapatinib according to stringent composite
criteria, including central radiology review. In exploratory
analyses, 21% of patients experienced at least a 20% reduction
in CNS tumor volume. Although these patients did not meet
criteria for an objective response, an association was observed
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between 20% volumetric reductions of brain lesions with
lapatinib and both PFS and improvement of tumor-related
NSS. Thus, although the threshold for CNS activity based on
the statistical hypothesis was not met, lapatinib was found to
provide modest yet clear evidence of antitumor activity in
patients with recurrent brain metastases.
To our knowledge, this is the largest, prospective trial
conducted to date for patients with HER2+ breast cancer and
progressive CNS disease after cranial radiotherapy. That more
than 240 patients were enrolled into this study within a
12-month interval speaks to the magnitude of the problem.
As the survival of patients with HER2+ breast cancer, even after
a CNS diagnosis, continues to improve, the need for effective
salvage therapies after cranial radiotherapy will only increase
(14). In addition, the development of effective therapies for
refractory brain metastases may ultimately lead to strategies to
prevent the emergence of brain metastases.
The antitumor activity of lapatinib in the CNS observed in
the previous, smaller, phase 2 study, and confirmed in the
present study, seems comparable to that observed outside of
the CNS. As first-line treatment for patients with advanced
HER2-overexpressing breast cancer, lapatinib resulted in a 4%
objective response rate (15). Lapatinib’s activity is more modest
in patients with progressive extra-CNS disease after trastuzumab, with an objective response rate of 4.3% by investigator
assessment and 1.4% by independent assessment (16).
These observations raise questions about the nature of the
CNS sanctuary in patients with HER2+ breast cancer. If tumor
seeding to the CNS occurs early in the course of disease (i.e.,
before the emergence of trastuzumab resistance), then one
might have expected a CNS response rate similar to that of
patients treated with lapatinib in the first-line setting. That the
response rate in the current study was comparable to that in
studies of refractory patients with extra-CNS disease suggests
several possibilities. First, drug delivery to the CNS might be
different from non-CNS sites. Alternatively, CNS seeding might
be a continuous process, in which case, CNS metastases would
be expected to show similar resistance to HER2-directed therapy
as extra-CNS metastases. It is conceivable that the rate of CNS
response would have been higher in patients not previously
exposed to trastuzumab; this study was not designed to address
this question. Unfortunately, paired CNS and extra-CNS tissue
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Abbreviation: n/e, not estimable.

Cancer Therapy: Clinical

Fig. 2. Duration of CNS tumor regression
for patients on lapatinib plus
capecitabine extension with z20% CNS
tumor volume reduction.
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lapatinib for brain metastases, we found that patients who
achieved some degree of volumetric reduction experienced
longer PFS, supporting the hypothesis that such changes are
clinically relevant (11). This hypothesis could be further tested
in future studies.
With respect to the extension phase of the study, clinically
significant and durable CNS objective responses were observed
in 20% of patients treated with lapatinib plus capecitabine after
disease progression on single-agent lapatinib. Overall, 40% of
patients achieved a 20% or greater reduction in the volume of
CNS lesions. Because of the study design, we cannot exclude
the effect of capecitabine alone. Several case reports have
described CNS activity with capecitabine, and CNS responses
were observed in a phase I study of capecitabine plus
temozolomide (17, 18). However, in the context of the totality
of data across lapatinib studies, it is equally plausible that
lapatinib adds to the activity of capecitabine both outside of
and within the CNS. Despite its modest single-agent activity,
lapatinib augments the response rate and increases time to
progression in patients with refractory HER2+ breast cancer
compared with capecitabine alone (12). Anecdotally, objective
responses in the CNS have also been reported with lapatinib
plus capecitabine in patients enrolled in the lapatinib
expanded access program who received prior capecitabine for
systemic disease (19).
In summary, lapatinib is associated with regressions of CNS
metastases in patients who have progressed despite trastuzumab and radiotherapy. Additional activity was seen when
capecitabine was added to lapatinib. On the basis of the results
of this study, prospective studies of lapatinib in combination
with other chemotherapeutic agents, novel targeted agents, and
cranial radiotherapy are ongoing.

Disclosure of Potential Conflicts of Interest
N.U. Lin, consultant, research grant, GlaxoSmithKline; research grant, Genentech. E.P.Winer, consultant, GlaxoSmithKline.

1458

www.aacrjournals.org

Downloaded from http://aacrjournals.org/clincancerres/article-pdf/15/4/1452/1987709/1452.pdf by guest on 29 September 2022

was not available for molecular characterization, but if such a
resource were available, it could open a valuable window into
the metastatic process.
Our study had some limitations. We did not directly assess
intratumoral levels of lapatinib and therefore cannot rule out
the possibility of suboptimal penetration across the bloodtumor barrier. Despite this limitation, we observed unequivocal
evidence of tumor regressions, with a response rate comparable
to that of large phase 2 studies for trastuzumab-refractory extraCNS disease. It is unknown if prior radiotherapy, which was
required in all patients, influenced the response to lapatinib by
altering the tumor or its microenvironment, including the
blood-tumor barrier. However, we did not observe significant
differences in the rate of objective response according to the
time from the most recent cranial radiotherapy. Next, no
comparator arm was used, as there are no approved systemic
therapies for refractory brain metastases. There have been few
prospective trials of systemic therapy for refractory CNS
metastases in the modern era, and existing studies have not
been limited to patients with HER2+ disease, which limits the
ability to make meaningful cross-trial comparisons. Furthermore, a phase III study of lapatinib versus observation in this
setting will likely never be mounted, and therefore, we cannot
rule out the possibility that the stabilizations observed could
have occurred even without active treatment. However, given
that all patients were required to have radiographically
documented evidence of CNS progression at the time of study
entry, we feel this is relatively unlikely. We also did not include
a patient-rated quality-of-life instrument in this study and
therefore cannot draw any conclusions about the effect of
lapatinib on global quality-of-life. However, we did note an
association between improvement of NSS and volumetric
reduction of CNS lesions, suggesting that the CNS responses
observed in the study were associated with clinical benefit.
Further studies could explore the relationship between NSS and
quality-of-life. Finally, the clinical significance of 20% reductions in CNS tumor volume is not well-established. However,
in both the current study and in a previous, smaller study of
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