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Abstract
Purpose: registHER is a prospective, observational study of 1,023 newly diagnosed HER2-positive

metastatic breast cancer (MBC) patients.

Experimental Design: Baseline characteristics of patients with and without central nervous system

(CNS) metastases were compared; incidence, time to development, treatment, and survival after CNS

metastases were assessed. Associations between treatment after CNSmetastases and survival were evaluated.

Results: Of the 1,012 patients who had confirmed HER2-positive tumors, 377 (37.3%) had CNS

metastases. Compared with patients with no CNSmetastases, those with CNSmetastases were younger and

more likely to have hormone receptor–negative disease and higher disease burden. Median time to CNS

progression among patients without CNS disease at initial MBC diagnosis (n ¼ 302) was 13.3 months.

Treatment with trastuzumab, chemotherapy, or surgery after CNS diagnosis was each associated with a

statistically significant improvement in median overall survival (OS) following diagnosis of CNS disease

(unadjusted analysis: trastuzumab vs. no trastuzumab, 17.5 vs. 3.8 months; chemotherapy vs. no che-

motherapy, 16.4 vs. 3.7months; and surgery vs. no surgery, 20.3 vs. 11.3months). Although treatmentwith

radiotherapy seemed to prolong median OS (13.9 vs. 8.4 months), the difference was not significant (P ¼
0.134). Results ofmultivariable proportional hazards analyses confirmed the independent significant effects

of trastuzumab and chemotherapy (HR¼ 0.33, P < 0.001; HR¼ 0.64, P¼ 0.002, respectively). The effects of

surgery and radiotherapy did not reach statistical significance (P ¼ 0.062 and P ¼ 0.898, respectively).

Conclusions: For patients with HER2-positive MBC evaluated in registHER, the use of trastuzumab,

chemotherapy, and surgery following CNS metastases were each associated with longer survival.
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Introduction

For women with advanced breast cancer, 10% to 16%
develop central nervous system (CNS) metastases (1, 2).
However, because most CNS metastases are diagnosed in
response to clinical symptoms rather than by routine sta-
ging, the total incidence of CNS metastases is likely higher.
In a study that required prescreening for CNS lesions,
14.8% of patients had occult lesions (3) and autopsy data
have revealed that up to 30% of patients with advanced
metastatic breast cancer (MBC) have CNS metastases (4).
Several risk factors have been associated with the develop-
ment of CNS lesions in patients with MBC, including
younger age (<50 year), having more than 2 metastatic
sites at MBC diagnosis, and HER2-positive disease (5).
Patients with HER2-positive MBC tumors are 2 to 4 times
more likely to develop CNS tumors than patients with
HER2-negative disease (2, 6, 7). The recent apparent
increase in the incidence of CNS metastases likely results
from advances in detection of CNS lesions and from
improvements in systemic treatment that allow more
patients to live long enough to develop CNS metastases
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(2); this has been observed in HER2-positive MBC patients
treated with trastuzumab (1, 8).
In general, survival for breast cancer patients with CNS

metastases is poor, with 1-year survival of approximately
20% (1). In one study of patients with CNSmetastases from
breast cancer (n ¼ 121), survival rate was 8.0% at 2 years,
6.9% at 3 years, and 1.3% at 5 years (9). Although surgery
canbeaneffective treatmentoption forpatientswith limited
CNS disease burden (10), steroids and radiotherapy have
been themainstaysof treatmentofCNSmetastases (11–14).
For patients with fewer lesions, stereotactic radiosurgery is
associated with longer survival (14, 15). Because an intact
blood–brainbarrier (BBB)preventsmost chemotherapeutic
agents from entering the CNS, chemotherapy is not used
routinely to treat CNS metastases. For patients whose
tumors overexpress HER2, there is an increased risk of
developing CNS disease and a decrease in overall survival
(OS; refs. 1, 8, 16). TreatmentofHER2-positivepatientswho
have CNSmetastases with trastuzumab (Herceptin; Genen-
tech, Inc.), a monoclonal antibody directed against HER2,
seems to prolong survival, even compared with patients
with HER2-negative disease (1, 8, 17).
As a multicenter, prospective, observational study of

1,023 patients, registHER is the largest study population
of patients with recently diagnosed HER2-positive MBC.
This study offers a unique opportunity to assess the inci-
dence, potential risk factors, and outcomes for patients
with HER2-positive MBC who developed CNS metastases.

Materials and Methods

Study design
registHER is a multicenter, prospective observational

U.S.-based cohort study of patients from community

and academic settings who have newly diagnosed HER2-
positive MBC. The objectives of registHER were to describe
the natural history of disease and treatment patterns for
patients with HER2-positive MBC and to explore associa-
tions between specific therapies and patient outcomes. The
study was approved by all local institutional review boards,
and all enrolled patients provided informed consent.

Patient recruitment was conducted fromDecember 2003
to February 2006. Eligible patients included women (n ¼
1,013) and men (n ¼ 10) with breast cancer. HER2 status
was determined according to institutional guidelines.
Patients were eligible regardless of treatment before enroll-
ment or during study follow-up. To minimize patient
selection bias, investigators were encouraged to recruit
all eligible patients at their practice.

Patients received care according to their physicians’ stan-
dard practice without study-specified evaluations. Patient
information [including demographics, tumor characteris-
tics, initial metastasis sites and progressions, systemic treat-
ment received (with start/stop dates), and response to
treatment] were recorded at enrollment and updated every
3 months thereafter. Participating physicians or designated
staff entered patient data into electronic case report forms
(eCRF), using a Web-based electronic data capture system.
Formal, prespecified, and scheduled assessments for tumor
response were not required, and tumor progression was
reported by physicians according to their standard practice.

Starting in January 2008, investigators following patients
identified as having CNS metastases were asked to com-
plete an additional retrospective questionnaire to gather
data on diagnosis, leptomeningeal involvement, treatment,
and response of CNS metastases to treatment. At that time,
the eCRF was modified to prospectively capture these CNS
metastases–specific data.

Prior to the approval of lapatinib in March 2007, data on
use of lapatinib and other investigational drugs were
incompletely captured. The study’s eCRF was amended
at the time of lapatinib approval to allow lapatinib use
to be reported.

Statistical methods
Analyses incorporate follow-up data on registHER

patients as of June 15, 2009 (database lock). Enrollment
of 83 patients whose MBC diagnosis was more than
6 months (up to 9 months) prior to enrollment was
permitted and these patients are included in all analyses.

Patients with CNS metastases were defined as those with
either leptomeningeal metastases (LM) and/or metastases
in the brain parenchyma. Time to CNS metastases was
defined as the time from the date of MBC diagnosis to date
of diagnosis of CNS metastases. Survival after CNS metas-
tases was defined as the time from diagnosis of first CNS
metastases to date of death from any cause or last follow-
up. Overall survival was defined as the time between a
patient’s initial metastatic diagnosis and death from any
cause or last follow-up.

Patient demographics and tumor characteristics were
tabulated by CNS metastases status and comparisons

Translational Relevance

With a cohort of 1,023 patients with HER2-postive
metastatic breast cancer (MBC), the observational
cohort study registHER provided a unique opportunity
to study the incidence, potential risk factors, and out-
comes for patients with HER2-positive MBC who devel-
oped central nervous system (CNS) metastases.
Approximately one third (377 of 1,012) of patients
with HER2-positive MBC developed CNS metastases.
Of the patients who developed CNS metastases, the
majority (�80%) developed them after their initial
MBC diagnosis. For all patients with CNS metastases
(n ¼ 377), the median time to first CNS event was 10.8
months. Analysis revealed that treatment with trastu-
zumab and chemotherapy independently led to a sta-
tistically significant improvement in median overall
survival from the time CNS disease was diagnosed. This
was not true for surgery or radiotherapy. Therefore,
these data support the treatment of patients with
HER2-positive MBC and CNS metastases with trastuzu-
mab and chemotherapy.

CNS Metastases in HER2-Positive Metastatic Breast Cancer
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between groups used the c2 test, as appropriate. Time to
CNS metastases and survival after CNS metastases were
estimated using the Kaplan–Meier product-limit method.
Data from patients with no event recorded were censored at
the date of last follow-up. Kaplan–Meier curves and the log-
rank test were used to compare unadjusted survival after
CNS metastases in different treatment groups.

Patients were classified as receiving trastuzumab if they
had received 21 total days or more (i.e., equivalent to �2
doses) of drug following their first CNS event. Patients were
classified as receiving chemotherapy for treatment of CNS
metastases if they had chemotherapy started after a CNS
event or if chemotherapy started before a CNS event
continued for 21 days or more after a CNS event. If
radiation therapy or surgery was recorded either on the
eCRF or on the CNS questionnaire, that patient was
counted as having received radiation therapy or surgery,
respectively. Radiation therapy or surgery specifically direc-
ted to sites other than the brain was not included.

Cox proportional hazards models were used to evaluate
the association between survival and various treatments,
adjusting for relevant baseline covariates that were con-
sidered a priori to be important factors for the physician’s
treatment decision or to be prognostic for survival. Several
factors were evaluated, but the final multivariate model
presented here includes as covariates age, Eastern Coop-
erative Oncology Group performance status (ECOG PS) at
MBC diagnosis, hormone receptor status, cancer stage at
diagnosis, CNS involvement at MBC diagnosis, and the
main treatment options after CNS metastases (trastuzu-
mab, chemotherapy, radiotherapy, and surgery). Although
we describe the use of lapatinib as it was observed in this
study, given the timing of the approval of lapatinib after
completion of patient recruitment in registHER, no adjust-
ment for the use of lapatinib was made.

Role of the funding source
Genentech, Inc., participated in design of the study; in

the collection, analysis, and interpretation of data; in the
writing of the report; and in the decision to submit the
manuscript for publication.

Results

Patient and tumor characteristics
Of the 1,023 patients enrolled at 240 sites in the United

States, 1,012 (99%) had a diagnosis of confirmed, HER2-
positive tumors and enrolled within 12 months of their
MBC diagnosis, permitting them to be included in this
analysis. The median follow-up time from metastatic diag-
nosis was 29 months. Thirty-seven percent (377 of 1,012)
of patients with MBC had a diagnosis of CNS metastases,
7% (75 of 1,012) at the time of their initial MBC diagnosis
and 30% (302 of 1,012) as a subsequent site of disease
progression (Fig. 1A).

For 106 (28.1%)patients, CNSmetastaseswere their only
site of first progression after metastatic diagnosis (Fig. 1A).
For 15 (14.2% of this group, or 4.0% of all patients with

CNS metastases), the CNS was the only site of metastatic
disease. Patients who developed CNS metastases were
younger (<50 years old, 43% vs. 37%), more likely to have
hormone receptor–negative disease (51% vs. 39%), and
had a higher disease burden (62% vs. 49% had �2 meta-
static sites) than patients without CNSmetastases (Table 1).

Characteristics of CNS metastases
CNS-specific data were recorded for 83% (313 of 377) of

patients with CNS metastases. For the 308 patients for
whom neurologic symptom data were available, 81%
had neurologic symptoms at the time CNSmetastases were
diagnosed (Table 2). Of the patients with CNS metastases
and who had LM data available, 9.6% (30 of 311) were
described as having LM, with or without parenchymal
disease (Table 2).

Overall survival from MBC diagnosis
For patients with any CNS events (n ¼ 377), the median

OS from time of MBC diagnosis was 26.3 months (73.7%
of patients died) compared with 44.6 months for patients
with no CNS events (n ¼ 635; 42.4% of patients died;
Fig. 1B). Patients with CNS metastases at the time of MBC
diagnosis had a median OS of 20.3 months; for the 15
patients for whom CNS was the only site of metastasis,
median OS was 26.3 months. Patients who developed CNS
metastases after their MBC diagnosis (n ¼ 302) had a
median OS of 27.0 months. Patients with LM disease
had a median OS of 22.9 months.

Time from MBC diagnosis to development of CNS
metastases

For all patients with CNS metastases (n ¼ 377), the
median time to first CNS event was 10.8 months
(Fig. 2A). For the subset of 302 (80%) patients who
developed CNS metastases during treatment of MBC, the
median time to first CNS event was 13.3 months (range,
0.6–50.1 months). Of these patients, 8.3% (25 of 302)
were receiving first-line therapy for MBC at the time; 42.1%
(127 of 302) were receiving second-line therapy, and
47.7% (144 of 302) were receiving subsequent lines of
therapy (Fig. 2B). In the subset of patients (n ¼ 106) who
had CNS metastases as their only site of first progression
after metastatic diagnosis, the median time to first CNS
event was 10.5 months (range, 0.6–43.5 months).

Prior to development of CNS metastases, trastuzumab
was the most commonly received systemic therapy; 93% of
patients had received trastuzumab before their first CNS
event. For patients who received trastuzumab before their
first CNS event (n ¼ 280), the median time to diagnosis of
CNS metastases was 13.6 months (range, 1.7–50.1
months). For the cohort (n ¼ 22) who did not receive
trastuzumab before CNS metastases, median time to CNS
metastases was 7.1 months (range, 0.6–25.8 months).

Treatment after diagnosis of CNS metastases
Of the 377 patients with CNS disease, 71.4% received

radiation therapy, 69.5% received chemotherapy, 68.4%
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received trastuzumab, 24.1% received lapatinib (78% of
whom also received trastuzumab), and 7.7% had surgery as
part of treatment of CNS disease (Table 2). Of the 269
patients who received radiotherapy, 216 (80.3%) received
whole-brain radiotherapy (WBRT), 27 (10.0%) received
stereotactic radiotherapy, and 13 (4.8%) received both
types (Table 3). Twenty-four (6.4%) patients did not
receive any of these treatment options. A sequence or
combination of radiation therapy, chemotherapy, and
trastuzumab was the most common treatment after CNS
metastases diagnosis, which was received by 26.5% of
patients (Table 2).
For the subset of patients (n¼ 302) who developed CNS

metastases after theirMBC diagnosis, 71.5% received radio-
therapy, 65.9% received chemotherapy, 63.3% received
trastuzumab, 25.2% received lapatinib, and 5.6% had
surgery. Of the 75 patients who had CNS metastases at

the time of initial MBC diagnosis, 70.7% received radio-
therapy, 84.0% received chemotherapy, 89.3% received
trastuzumab, 20% received lapatinib, and 16% underwent
surgery.

Survival following CNS events
The median survival after first diagnosis of CNS metas-

tases for all patients was 13.0 months (range, 0.1–55.5
months; Fig. 3A). For the patients who presented de novo
with CNS metastases (n ¼ 75), the median survival was
20.3 months (range, 1.0–55.5 months). For those diag-
nosed with CNS metastases subsequent to their MBC
diagnosis (n ¼ 302), median survival following diagnosis
of CNS metastases was 9.6 months (range, 0.1–54.5
months; Fig. 3A). In all patients with CNS metastases
(n ¼ 377), chemotherapy and trastuzumab treatment after
CNS diagnosis were each strongly associated with

Figure 1. A, CNS metastases
among patients in the registHER
patient population (n ¼ 1,023). B,
Kaplan–Meier-estimated survival
for patients with and without CNS
metastases.
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metastases at time MBC diagnosis

PD = progressive disease.
aHad HER2-positive tumors and were enrolled within 12 mo of MBC diagnosis.
bThese 75 patients had CNS metastatses at the time of metastatic diagnosis.
cFor 15 (1.5%) of patients, the CNS was the only site of metastasis.
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improved survival (log-rank test P < 0.001 for both com-
parisons; unadjusted; Fig. 3B and C). For patients who
received trastuzumab following diagnosis of CNS disease
(n ¼ 258, 68.4%), the median survival was 17.5 months,
compared with 3.7 months for patients who did not (n ¼
119; Fig. 3B). For patients who received chemotherapy
following diagnosis of CNS disease (n ¼ 262, 69.5%),
the median survival was 16.4 months, compared with
3.7 months for patients who did not receive chemotherapy

(Fig. 3C). For patients who received surgery, the median
survival was also longer (20.3 vs. 11.3 month, P ¼ 0.013).
Radiation therapy seemed to increase survival (13.9 vs. 8.4
month), but the difference was not significant (P ¼ 0.134;
Fig. 3D). For patients with reported LM disease (n ¼ 30),
themedian survival from the time of CNS diagnosis was 5.8
months (range, 0.6–55.5 months).

After adjusting for the clinical characteristics of age,
ECOG PS at time of MBC diagnosis, hormone receptor

Table 1. Demographic and baseline characteristics by presence of CNS metastases, n (%)

All patients
(n ¼ 1,012)

No CNS
metastases
(n ¼ 635)

Any CNS
metastases
(n ¼ 377)

CNS
metastases
at MBC
diagnosis
(n ¼ 75)

CNS
metastases
after MBC
diagnosis
(n ¼ 302)

Age, ya

<50 394 (38.9) 232 (36.5) 162 (43.0) 33 (44.0) 129 (42.7)
50–64 406 (40.1) 249 (39.2) 157 (41.6) 33 (44.0) 124 (41.1)
65þ 212 (20.9) 154 (24.3) 58 (15.4) 9 (12.0) 49 (16.2)

Race
White 799 (79.0) 496 (78.1) 303 (80.4) 60 (80.0) 243 (80.5)
Nonwhite 213 (21.0) 139 (21.9) 74 (19.6) 15 (20.0) 59 (19.5)

Hormone receptor statusa,b

Positive 535 (52.9) 368 (57.9) 167 (44.3) 24 (32.0) 143 (47.4)
Negative 439 (43.4) 248 (39.1) 191 (50.7) 48 (64.0) 143 (47.4)
Unknown 38 (3.8) 19 (3.0) 19 (5.0) 3 (4.0) 16 (5.3)

Number of metastatic sitesa

1 467 (46.1) 324 (51.0) 143 (37.9) 25 (33.3) 118 (39.1)
2þ 545 (53.9) 311 (49.0) 234 (62.1) 50 (66.7) 184 (60.9)

ECOG PS at MBC diagnosisb

0–1 457 (45.2) 300 (47.2) 157 (41.6) 20 (26.7) 137 (45.4)
2þ 64 (6.3) 38 (6.0) 26 (6.9) 6 (8.0) 20 (6.7)
Unknown/missing 491 (48.5) 297 (46.8) 194 (51.5) 49 (65.3) 145 (48.0)

Stage at initial diagnosis
Stage IV 277 (27.4) 181 (28.5) 96 (25.5) 17 (22.7) 79 (26.2)
Stage I–III with early relapse
(�12 mo)

137 (13.5) 88 (13.9) 49 (13.0) 11 (14.7) 38 (12.6)

Stage I–III with late relapse
(>12 mo)

598 (59.1) 366 (57.6) 232 (61.5) 47 (62.7) 185 (61.3)

Prior therapy (stage I–III only)b,c

Trastuzumab-based therapy
without hormones

46 (4.5) 24 (3.8) 22 (5.8) 10 (13.3) 12 (4.0)

Trastuzumab-based therapy
with hormones

10 (1.0) 7 (1.1) 3 (0.8) 0 3 (1.0)

Hormones only 58 (5.7) 40 (6.3) 18 (4.8) 4 (5.3) 14 (4.7)
Hormones and chemotherapy 164 (16.2) 106 (16.7) 58 (15.4) 10 (13.3) 48 (15.9)
Chemotherapy only 320 (31.6) 192 (30.2) 128 (33.9) 28 (37.3) 100 (33.1)
Other therapy 5 (0.5) 5 (0.8) 0 0 0
No prior therapy 132 (13.0) 80 (12.6) 52 (13.8) 6 (8.0) 46 (15.2)

aCNS metastases versus no CNS metastases (P < 0.05).
bCNS metastases at MBC diagnosis versus CNS metastases developed after MBC diagnosis (P < 0.05).
cPatients with stage IV MBC did not receive any adjuvant/neoadjuvant therapy. Percentages calculated from the total number of
patients in the column. Herceptin was approved for use in the adjuvant setting in November 2006, which was after completion of
enrollment into registHER (February 2006).
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status, cancer stage at initial diagnosis, and CNS involve-
ment at metastatic diagnosis in a multivariable propor-
tional hazards model, we found that treatment with
trastuzumab (HR ¼ 0.33; 95% CI: 0.25–0.46; P < 0.001)
or chemotherapy (HR ¼ 0.64; 95% CI: 0.48–0.85; P ¼
0.002) were independently associated with decreased
hazard of death after CNS metastases, whereas CNS-direc-
ted radiotherapy was not (P ¼ 0.898; Table 3). Although
not statistically significant, there was a trend to suggest that
surgery is associated with decreased hazard of death after
CNS metastases (HR ¼ 0.63, 95% CI: 0.39–1.02; P ¼
0.062). The interactions between ECOG PS and che-

motherapy or trastuzumab treatment were investigated
but found to be not significant. In additional sensitivity
analyses, treatment with trastuzumab continued to be
associated with decreased hazard of death after CNSmetas-
tases in the multivariable proportional hazards model
(HR ¼ 0.34; 95% CI: 0.24–0.48), even after excluding
potential palliative care patients [i.e., patients who survived
<21 days (n¼ 8)] or who did not receive any treatment after
their CNS diagnosis (n ¼ 47) from the nontrastuzumab
comparison group (see Supplementary Table).

Discussion

As the largest prospectively followed cohort of patients
with HER2-positive MBC, registHER affords a unique
opportunity to study the natural history of CNS metastases
in this patient population in the context of contemporary
therapies. Consistent with the incidence of CNS metastases
found in retrospective analyses, approximately one third of
the 1,012 patients analyzed in registHER had CNS metas-
tases (2, 18). Potential predictive factors for the develop-
ment of CNS metastases were similar to those previously
noted for breast cancer patients, including younger age
(<65 years), hormone receptor–negative disease, and
greater disease burden. Seven percent of registHER patients
had CNS metastases at the time of their initial MBC
diagnosis. However, because not all patients underwent
CNS screening at the time of MBC diagnosis, and not all
patients with CNS metastases had neurologic symptoms,
the actual incidence of CNS disease at MBC diagnosis is
probably higher.

Although HER2-positive breast cancer is a relatively
aggressive subtype, and it was considered that patients in
registHER might have an increased incidence of LM (a
particularly aggressive form of CNS disease associated with
poor prognosis), we found that the incidence of LM among
the HER2-positive patients in registHER (9.6% in patients
with CNS disease and 2.9% overall) was comparable with
previous reports (4, 13, 18, 19).

In registHER, patients who had CNS metastases at the
time of MBC diagnosis survived twice as long from the time
CNS disease was diagnosed (20.3 vs. 9.6 months) as did
patients whose CNS disease was diagnosed after their MBC
diagnosis. This raises the question of whether earlier detec-
tion of CNS lesions leads to prolonged survival post–CNS
metastasis because CNS-specific therapies were adminis-
tered earlier in the course of treatment (e.g., radiation
therapy, or surgical resection for smaller, solitary lesions).
However, the difference in survival postdetection of CNS
observed in this study is likely a reflection of the difference
in time to diagnosis of CNSmetastases (i.e., median time to
first CNS metastases was 10.8 months) rather than due to a
true improvement in survival. Of note, the improved
survival postdetection of CNS metastases did not corre-
spond to improvement in OS from time of MBC diagno-
sis—the median OS from time of initial metastatic
diagnosis was shorter in patients whose CNS metastases
were noted at initial diagnosis than those whose CNS

Table 2. Summary of disease characteristics
and treatment of patients with CNS metastatic
disease (n ¼ 377)

Neurologic symptoms present, n (%)
No 59 (15.7)
Yes 249 (66.1)
Missinga 69 (18.3)

Method of initial diagnosis of
CNS metastasesb, n (%)

Radiologic imaging 308 (81.7)
Physical examination 74 (19.6)
Lumbar puncture 7 (1.9)
Unknown 1 (0.3)
Other 9 (2.4)
Missinga 64 (17.0)

Leptomeningeal involvement, n (%)
No 281 (74.5)
Yes 30 (8.0)
Missinga 66 (17.5)

HER2-targeted treatment received
following CNS metastases, n (%)

Trastuzumab and other therapies,c

but no lapatinib
179 (47.5)

Trastuzumab and lapatinib and
other therapiesc

71 (18.8)

Lapatinib and other therapies,c

but no trastuzumab
20 (5.3)

Trastuzumab only 8 (2.1)
Trastuzumab and lapatinib only
(no other therapiesc)

0

Lapatinib only 0
Other therapiesc 69 (18.3)
Trastuzumab <21 d, but
no other therapies

6 (1.6)

No therapy 24 (6.4)

aPatients identified as having CNS metastases on study
case report forms, but who had no follow-up available on
CNS-specific case report forms. No screening for CNS
metastases was conducted at time of enrollment.
bCategories are not mutually exclusive.
cIncludes radiation therapy, surgery, and/or chemotherapy.
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Figure 2. Progression to the CNS
after initial MBC diagnosis
(n ¼ 302). A, incidence of CNS
metastasis events by time from
MBC diagnosis. Percentages
represent number of patients who
developed CNSmetastases within
the 3-month time window divided
by the total number of patients at
risk. B, line of treatment at first
CNS progression. Line of
treatment is defined as the
systemic treatment patients
received up until any CNS
progressive disease event. Note:
Because 6 (2%) patients were
receiving no systemic treatment at
the time of CNS metastases, they
were not included in the graph.

Table 3. Multivariable proportional hazards analysis of survival after CNS metastases (n ¼ 377)

HR (95% CI) P

Treatment received after first CNS eventa

Trastuzumabb (n ¼ 258) 0.33 (0.25–0.46) <0.001
Chemotherapy (n ¼ 262) 0.64 (0.48–0.85) 0.002
Surgery (n ¼ 29) 0.63 (0.39–1.02) 0.062
Radiation therapy (n ¼ 269) 0.98 (0.75–1.30) 0.898

Cancer stage at initial dx
Stage I–III (MBC dx �12 mo after initial dx) vs. stage IV 1.41 (0.95–2.10) 0.091
Stage I–III (MBC dx �12 mo after initial dx) vs. stage IV 0.96 (0.72–1.27) 0.767

ECOG PS at MBC diagnosis
�2 vs. 0 or 1 1.83 (1.14–2.96) 0.013
Unknown or missing vs. 0 or 1 1.12 (0.86–1.46) 0.405

Age, y 1.01 (1.00–1.02) 0.162
Hormone receptor status

Positive vs. negative 0.80 (0.63–1.03) 0.088
Unknown vs. negative 1.04 (0.61–1.76) 0.888

CNS disease at MBC dx (yes vs. no) 0.50 (0.36–0.71) <0.001

Abbreviation: dx, diagnosis.
aAll comparisons made with patients not receiving the specified treatment; treatments not mutually exclusive.
bSeventy-one (27.5%) of patients who received trastuzumab after diagnosis of CNS metastases also received lapatinib (mostly after
trastuzumab). No patients received only lapatinib after diagnosis of CNS metastases.
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Figure 3. Post–CNS survival (unadjusted) as estimated by Kaplan–Meier methodology for all treated patients with CNS metastases. A, survival from
time of CNS metastases for patients who had any CNS metastases (black), CNS metastases diagnosed after MBC diagnosis (light gray), or CNS metastases
present at the time of MBC diagnosis (dark gray). dx, diagnosis. B–E, survival after first CNS event by treatment received after CNSmetastasis. B, trastuzumab
versus no trastuzumab. C, chemotherapy versus no chemotherapy. D, radiation therapy versus no radiation therapy. E, surgery versus no surgery.
P values associated with log-rank test compare the Kaplan–Meier survival curves.
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metastases were diagnosed subsequently (20.3 vs. 27.0
months). This is consistent with the possibility that
patients with MBC who present with CNS metastases have
a more aggressive disease.

An inherent limitation of a nonrandomized observa-
tional study results from "confounding by indication,"
whereby certain treatments are preferentially given to
sicker patients and other treatments to healthier patients
(e.g., patients who are candidates for surgical resection of
their CNS tumors generally have a lower disease burden, a
more favorable location of metastasis, overall better con-
trol of systemic extracranial disease, and may represent a
patient population with a relatively better prognosis).
Likewise, patients who received no therapy may represent
a more debilitated group of patients. These results are
consistent with several retrospective analyses (1, 2) and
were corroborated by the multivariable analysis we con-
ducted to adjust for clinically recognized prognostic fac-
tors and potential differences between treatment groups.
In registHER, the reduction in death observed after treat-
ment with trastuzumab, chemotherapy, and possibly
surgery persisted after controlling for the key prognostic
factors of age, ECOG PS, cancer stage at initial diagnosis,
hormone receptor status, and CNS disease at metastatic
diagnosis.

There also remains the potential for residual confound-
ing by clinical factors that were not collected or sufficiently
captured. For example, ECOG PS was missing for 52% of
patients and represented ECOG PS at the time of the
patient’s MBC diagnosis, and not necessarily ECOG PS
at the time CNS disease developed, which may have
occurred months later. Therefore, the model did not fully
account for this confounder. In addition, as data regarding
post–CNS treatment were collected via questionnaire,
those data may be incomplete. This could in part explain
why patients treated with radiotherapy trended toward
longer survival, yet the difference was not statistically
significant. Alternatively, it may be that at the time
registHER was conducted, it was not yet common practice
to treat isolated CNS metastases with both WBRT and
stereotactic radiotherapy, the practice now known to lead
to longest survival (20). Finally, because patients may have
a diagnosis of MBC up to 12 months prior to enrollment
and patients with longer survival may be more likely to
enroll, the OS estimates from time of MBC diagnosis in
registHER may be slightly higher than expected in a general
MBC patient population.

Results from registHER are consistent with recent data;
for patients with MBC and CNS disease, median survival
after CNS metastases was 6.1 months for patients with
HER2-positive disease who received no trastuzumab (n ¼
32) and 11.6 months for those with HER2-positive dis-
ease who did receive trastuzumab (8). Because most
(78%) of the 91 patients who received lapatinib after
CNS metastases also received trastuzumab, we were
unable to accurately assess the independent effect of
lapatinib as anti-HER2 therapy on survival after CNS
metastases.

The finding that chemotherapy and trastuzumab treat-
ment are associated with improved survival even after
adjusting for relevant variables in patients after the devel-
opment of CNS metastases is interesting. Because most
chemotherapy agents used in the treatment of breast cancer
either do not cross an intact BBB, or are pumped out of the
CNS by phosphoglycoprotein in the endothelial cells com-
prising the BBB, they may not reach sufficient therapeutic
levels to treat CNS metastases (21). Trastuzumab does not
readily cross an intact BBB; in patients without CNS metas-
tases (i.e., with an intact BBB), the ratio of trastuzumab in
blood plasma to trastuzumab in the cerebral spinal fluid is
greater than 300:1 (22, 23). However, in the setting of CNS
lesions, the permeability of the BBB is likely increased via
physical perturbation by tumors (24) and by structural
changes in tumor microvessels that increase vascular per-
meability (25–27), including changes mediated by tumor-
secreted factors such as VEGF (28). Recently, it has been
shown in preclinical models that although the blood–
tumor barrier (BTB) may show observable permeability
changes in brain metastases, the BTB function in these
models was only partly compromised and retained signifi-
cant ability to impede chemotherapeutic uptake (29).
Radiation therapy, which was received by 71% of the
patients in registHER with CNS disease, has also been
shown to increase BBB permeability (23). In addition,
the finding of improved survival in patients receiving
chemotherapy and trastuzumab treatment after the devel-
opment of CNSmetastases is a reflection of the importance
of extracranial disease control with anti-HER2 therapy and
chemotherapy, as a substantial proportion of patients with
CNS metastases would likely die from their extracranial
disease without adequate therapy (8).

A prospective study to determine which factors most
affect treatment efficacy for CNS metastases of HER2-posi-
tive MBC would be of great interest.
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