
https://doi.org/10.1177/17588359211009002 
https://doi.org/10.1177/17588359211009002

Therapeutic Advances in Medical Oncology

journals.sagepub.com/home/tam 1

Ther Adv Med Oncol

2021, Vol. 13: 1 –12

DOI: 10.1177/ 
17588359211009002

© The Author(s), 2021.  
Article reuse guidelines:  
sagepub.com/journals-
permissions

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License  
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission 
provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Introduction
Survival prognosis of breast cancer (BC) patients 
has been markedly improved over the last two dec-
ades. This was most pronounced in human epider-
mal growth factor receptor 2 (HER2)-positive 
disease due to the implementation of different 

HER2-targeted therapies.1,2 With increasing sur-
vival rates due to effective systemic disease con-
trol, brain metastases (BM) are being observed in 
30% to 55% of metastatic HER2-positive BC 
patients.3–5 Local treatment still represents the 
standard of care in symptomatic BM patients; 
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Background: Dual human epidermal growth factor receptor 2 (HER2) blockade with 
trastuzumab and pertuzumab (TP) is a standard therapy of metastatic and localized HER2-
positive breast cancer (BC), but its activity in breast cancer brain metastases (BCBM) is 
unknown.
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Registry and clinical data including patient characteristics, therapies and overall survival (OS) 
were obtained. Patients were grouped into ‘TP’, ‘other-HER2-targeted therapy’ and ‘no-HER2-
targeted therapy’ according to received first-line systemic therapy after diagnosis of BCBM. 
Radiological re-assessment of intracranial lesions was performed in patients treated with TP 
as systemic first-line therapy according to RANO response criteria for brain metastases (BM).
Results: A total of 252 HER2-positive BC patients with BM were available for this analysis. 
Patients treated with TP as systemic first-line therapy after diagnosis of BM had a significantly 
longer OS compared with treatment with other-HER2-targeted therapy and no-HER2-targeted 
therapy (44 versus 17 versus 3 months, p < 0.001; log-rank test). Among radiologically re-
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intracranial remission (PR), 1/14 patients (7.1%) stable intracranial disease (SD) and 0/14 
patients (0.0%) progressive intracranial disease (PD) as best response resulting in an 
intracranial objective response rate (iORR) of 92.9% and an intracranial clinical benefit rate 
(iCBR) of 100.0%.
Conclusion: First-line therapy with dual HER2-inhibition of TP after BM diagnosis was 
associated with the longest median OS times in patients with BCBM.
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however, systemic therapy approaches have been 
increasingly incorporated into the multimodal 
management of BM patients.6 Small molecules 
like the HER2-targeted tyrosine kinase inhibitors 
(TKI) lapatinib, neratinib and tucatinib did 
achieve meaningful intracranial responses, espe-
cially when applied in combination with chemo-
therapy.7–10 Of note, even large molecules such as 
the HER2-directed antibodies trastuzumab and 
pertuzumab accumulate in breast cancer brain 
metastases (BCBM) as was shown in positron 
emission tomography-computed tomography 
(PET-CT) studies using radioactively tagged anti-
bodies.11,12 In line with these data, the antibody-
drug-conjugate trastuzumab-emtansine (TDM1) 
was associated with favourable intracranial 
response rates when applied in symptomatic as 
well as asymptomatic BM patients.13

Dual HER2-inhibition by trastuzumab (targeting 
extracellular domain 4) and pertuzumab (directed 
against extracellular domain 2) (TP) is highly effica-
cious as evidenced by a clinically relevant prolonga-
tion of overall survival (OS) when administered in 
conjunction with chemotherapy as first-line ther-
apy in the metastatic setting. In addition, the com-
bination has been approved as neoadjuvant 
treatment in HER2-positive early-stage BC and 
adjuvant therapy in patients at high recurrence 
risk.14–16 TP prolonged BM-free survival (BMFS) 

over trastuzumab alone in a post hoc analysis from 
the pivotal CLEOPATRA study, whereas little is 
known regarding the intracranial efficacy of dual 
antibody treatment on established BCBM.17 
Therefore, we investigated the outcome of BCBM 
patients treated with dual HER2 blockade of TP 
in comparison with patients treated with other 
HER2-targeting drugs and patients treated with 
no HER2-directed therapies.

Material and methods

Patients
Overall, 267 patients treated between 1990 and 
2019 for HER2-positive BCBM at the Medical 
University of Vienna were identified from the 
Vienna Brain Metastasis Registry. Of these 267 
patients, 13 had to be excluded due to incom-
plete information regarding therapy and 2 due to 
diagnosis of a second primary tumour. Therefore, 
252 patients were available for this retrospective 
analysis (Supplemental Figure S1). For 61 
patients (24.2%) who were diagnosed before the 
year 2000, immunohistochemical staining for 
HER2 was not available at initial diagnosis of BC 
but was performed at some point during their 
course of disease either from the primary tumour 
or a metastatic lesion. If leptomeningeal carcino-
matosis (LC) was present concomitantly to diag-
nosis of parenchymal BM, patients were also 
eligible for inclusion. Information relating to 
patient demographics, case history and survival 
were collected by retrospective chart review. This 
study was conducted in accordance with the 
Declaration of Helsinki and approval by the insti-
tutional review board (IRB) was obtained 
(1167/2019). According to the IRB, no written 
consent from the subjects was necessary due to 
the retrospective study design.

All patients were managed by a dedicated team of 
BCBM specialists at an academic breast centre; 
treatment decisions were taken in an interdiscipli-
nary tumour conference. Treatment was per-
formed according to best clinical evidence and 
according to current standard of care.

Immunohistochemical analysis
Receptor status was obtained by chart review as 
the vast majority had been diagnosed in-house at 
the certified Department of Pathology, Medical 
University of Vienna according to international 
guidelines. In brief, oestrogen receptor (ER) and 

Figure 1. Waterfall-plot of radiologically re-assessed intracranial response 
rates of patients treated with TP as systemic first-line therapy after 
diagnosis of BM: x-axis: patients according to TP treatment type. y-axis: 
relative change of target lesion’s diameter from baseline to best response.
BM = brain metastases; CHT = chemotherapy; LT = local therapy; TP = combination 
of trastuzumab and pertuzumab.
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progesterone-receptor (PgR) immunohistochem-
ical stainings were performed according to pre-
vailing American Society of Clinical Oncology/
United States and Canadian Academy of 
Pathology (ASCO/USCAP) recommendations 
[CONFIRM SP1 clone for ER and 1E2 clone for 
PgR, respectively (Ventana, Tucson, AZ, USA) 
or clones 1D5 and 636 for ER and PgR, respec-
tively (Dako, Glostrup, Denmark)]; hormone 
receptor expression was estimated as the percent-
age of positively stained tumour cells, using the 
Reiner Score, applying a 10% cutoff for positiv-
ity.18–20 HER2-status was assessed by immuno-
histochemistry [HER2 clone 4B5 (Ventana) or 
HercepTest® (Dako)] and dual colour fluorescent 
in situ hybridization [FISH; PathVision® HER2 
DNA probe kit (Vysis Inc., Downers Grove, IL, 
USA); CISH; INFORM HER2 dual ISH 
(Ventana)]. Tumours were classified as HER2-
positive if they had a staining intensity of 3+ on 
the Herceptest®; tumours with staining intensity 
of 2+ were tested by FISH for HER2 DNA 
amplification.21

Radiological assessment
Intracranial radiological re-assessment of patients 
treated with TP as systemic first-line therapy after 
diagnosis of BM was performed by an experi-
enced neuroradiologist. The longest diameter of 
each target lesion (up to a maximum of five BM 
per patient) was measured at baseline and subse-
quently at every available restaging magnetic res-
onance imaging (MRI). Best responses had been 
classified (using the sum of the diameter of all 
target lesions) according to RANO response cri-
teria for BM.22

Complete response (CR) was defined as disap-
pearance of all measurable lesions. Partial 
response (PR) was defined as ⩾30% reduction of 
the greatest diameters of measurable lesions, no 
increase in lesion size and no new lesions. Stable 
disease (SD) was defined as ⩽30% decrease and 
⩽20% increase without the appearance of new 
lesions. Progressive disease (PD) was defined as 
⩾20% increase in tumour size, appearance of 
new lesions or an increase of applied corticoster-
oids. Intracranial clinical benefit rate (iCBR) was 
defined as percentage of patients with intracra-
nial CR, PR and SD. Intracranial objective 
response rate (iORR) was defined as percentage 
of patients with intracranial CR and PR. In 12 
patients, just MRI reports, but no images were 

available. Therefore, this subgroup analysis con-
tains 14/26 patients (53.8%) treated with TP.

Statistical analysis
For comparisons, patients were grouped in three 
groups based on the received first-line systemic 
treatment after diagnosis of BM: TP, other-
HER2-targeted therapy and no-HER2-targeted 
therapy. OS was defined as interval from first 
diagnosis of BM until death or last date of follow 
up and estimated with the Kaplan–Meier product 
limit method. To test for differences between two 
parameters, the chi-square test was used for binary 
variables and the Kruskal-Wallis test for differ-
ences in mean ranks between more than two vari-
ables. To test for differences between OS curves, 
the log-rank test was used. BMFS was defined as 
the interval from diagnosis of metastatic breast 
cancer until diagnosis of BM. Two-tailed p val-
ues < 0.05 were considered to indicate statistical 
significance. The association of systemic first-line 
therapies after diagnosis of BM with OS and the 
differential effect of different anti-HER2 sub-
stances when used as first-line treatment were the 
main points of interest of the present study.

The diagnosis specific graded prognostic assess-
ment score (DS-GPA) including BC subtype 
(luminal A, luminal B/Her2-positive, triple-nega-
tive, HER2-positive), age (<60, >60 years) and 
Karnofsky performance status (<50, 60, 70–80, 
90–100) is the best established prognosticator of 
outcome in BCBM.23 To investigate the inde-
pendent association of systemic first-line therapy 
with OS, we predefined to perform four different 
multivariate analyses: within the first three analy-
ses, the association of DS-GPA, time period of 
initial BC diagnosis (<2000, 2000–2010, >2010) 
as well as different first-line local therapies for 
BM [stereotactic radiosurgery, surgical resection, 
whole brain radiotherapy (WBRT)] with systemic 
first-line therapy after diagnosis of BM was tested. 
Within a fourth multivariate analysis, DS-GPA 
and type of first-line HER2-targeted therapy after 
BM diagnosis were entered. Here, HER2-targeted 
therapy was entered as a categorical variable with 
no-HER2-targeted therapy as the reference vari-
able. A multivariate analysis was performed using 
the Cox Regression model. Due to the explora-
tory and hypothesis-generating design of the pre-
sent study, no adjustment for multiple testing was 
applied and no formal sample-size calculation 
was conducted.24

https://journals.sagepub.com/home/tam


Therapeutic Advances in Medical Oncology 13

4 journals.sagepub.com/home/tam

All statistics were calculated using statistical pack-
age for the social sciences (SPSS®) 26.0 software 
(SPSS Inc., Chicago, IL, USA).

Results

Patient characteristics
A total of 252 patients with HER2-positive 
BCBM were available for analysis. Median age at 
initial diagnosis of BC was 49.5 years (range 27–
84) and at diagnosis of BCBM 53.5 years (range 
27–85). All 252 patients (100.0%) were female; 
61/252 patients (24.2%) were initially diagnosed 
before the year 2000, 138/252 patients (54.8%) 
between 2000 and 2010 and 53/252 patients 
(21.0%) after the year 2010. Of the 252 patients, 
154 (61.1%) received HER2-targeted therapy 
after diagnosis of BCBM whereas 98/252 patients 
(38.9%) did not. Regarding therapy, 26/252 
patients (10.3%) received TP, 128/252 patients 
(50.8%) other-HER2-targeted therapy and 
98/252 patients (38.9%) no-HER2-targeted ther-
apy as systemic first-line treatment after diagnosis 
of BM. Patients characteristics according to these 
subgroups are listed in Table 1 and details of 
applied systemic first-line HER2-targeted thera-
pies are listed in Table 2.

Dual blockade of TP as systemic first-line 
therapy after diagnosis of BCBM
Of the total of 252 patients, 26 (10.3%) received 
TP as systemic first-line therapy after diagnosis of 
BCBM. Within these patients, median progres-
sion-free survival (PFS) was 8 months (range 
1–55) and median number of applied cycles was 
11 (range 2–104); 3/26 patients (11.5%) received 
TP as monotherapy, 8/26 patients (30.8%) con-
comitantly with, or directly after local BM treat-
ment and 15/26 patients (57.7%) in combination 
with chemotherapy regimens as well as local ther-
apy. In 5/26 patients (19.2%), the initial combi-
nation of TP with chemotherapy regimens was 
consequently deescalated to TP maintenance 
therapy.

In 14/26 patients (53.8%) treated with TP after 
diagnosis of BM, MRI images to reclassify 
response according to RANO BM response crite-
ria were available. The median diameter of all tar-
get lesions at the beginning of TP was 19.5 mm 
(range 10–28 mm) and 7.5 mm (range 0–26 mm) 
at best response. The median absolute change of 
diameter was a decrease of 10.5 mm (range −28 

to +10 mm) and the median relative change of 
diameter a decrease of 64.1% (range −100.0 to 
4.0%) at best response. Of the 14 patients treated 
with TP, 5 (35.7%) had CR, 8 (57.1%) PR, 1 
(7.1%) SD and 0 (0.0%) PD as best response, 
resulting in an iORR of 92.9% and an iCBR of 
100.0%. Radiological re-assessed intracranial 
response rates according to TP combinations are 
summarized within Table  3 and visualized in 
Figure 1.

OS outcome analyses
Patients diagnosed with BC after the year 2010 
had a significantly longer OS compared with 
patients diagnosed before the year 2000 and 
patients diagnosed between 2000 and 2010 (22 
versus 12 versus 11 months, p = 0.002; log-rank 
test) (Figure 2a). Patients treated with TP as sys-
temic first-line therapy after diagnosis of BM had 
a significantly longer OS compared with treat-
ment with other-HER2-targeted therapy and no-
HER2-targeted therapy (44 versus 17 versus 
3 months, p < 0.001; log-rank test) (Figure 2b).

Time to intracranial progression after diagnosis of 
BM was only numerically associated with sys-
temic first-line therapy (10 months with TP versus 
9 months with other-HER2-targeted therapy  
versus 7 month with no-HER2-targeted therapy, 
p > 0.05; log-rank test). Time to extracranial pro-
gression after diagnosis of BM was not signifi-
cantly associated with systemic first-line therapy 
(4 months with TP versus 5 months with other- 
HER2-targeted therapy versus 4 months with no- 
HER2-targeted therapy, p > 0.05; log-rank test).

To evaluate the independent impact of systemic 
first-line treatment after BM diagnosis, we per-
formed four predefined multivariate analyses. 
Within the first analysis, including DS-GPA and 
type of systemic first-line therapy after diagnosis of 
BCBM, DS-GPA [hazard ratio 1.77 (95% CI: 
1.36–2.32; p < 0.001, Cox proportional hazards 
model)] as well as type of systemic first-line ther-
apy after diagnosis of BCBM [hazard ratio (HR) 
2.15; 95% confidence interval (CI): 1.70–2.71; 
p < 0.001, Cox proportional hazards model] were 
shown to be independent prognosticators of OS. 
Within a second analysis including the time period 
of initial BC diagnosis (<2000, 2000–2010, 
>2010) as well as type of systemic first-line ther-
apy after diagnosis of BCBM, only the latter 
remained significant [HR 0.93 (95% CI: 0.75–
1.15; not significant) versus HR 2.23 (95% CI: 
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Table 1. Patients characteristics according to systemic first-line therapy after diagnosis of BM.

Patients characteristics TP other-HER2-targeted therapy no-HER2-targeted therapy p value

n = 26 % 10.3 n = 128 % 50.8 n = 98 % 38.9

Gender

 Female 26 100.0 128 100.0 98 100.0 –

 Male 0 0.0 0 0.0 0 0.0

HER2-receptor status

 Positive 26 100.0 128 100.0 98 100.0 –

 Negative 0 0.0 0 0.0 0 0.0

ER-receptor status

 Positive 14 53.8 57 44.5 38 38.8 0.365

 Negative 12 46.2 69 53.9 59 60.2

 Unknown 0 0.0 2 1.6 1 1.0

Distant metastases at BC diagnosis/stage IV

 Yes 10 38.5 27 21.1 15 15.3 0.034*

 No 16 61.5 101 78.9 83 84.7

BM at BC diagnosis

 Yes 0 0 5 3.9 2 2.0 0.457

 No 26 100.0 122 95.3 96 98.0

 Unknown 0 0.0 1 0.8 0 0.0

Visceral metastases before BM

 Yes 15 57.7 80 62.5 57 58.2 0.771

 No 11 42.3 48 37.5 41 41.8

Bone metastases only before BM

 Yes 3 11.5 9 7.0 6 6.1 0.633

 No 23 88.5 119 93.0 92 93.9

Systemic disease at diagnosis of BM

  No evidence of extracranial 
disease and complete 
remission

6 23.1 21 16.4 25 25.5 0.234

 Partial remission 2 7.7 11 8.6 4 4.1

 Stable disease 6 23.1 56 43.8 30 30.6

 Progressive disease 12 46.2 38 29.7 38 38.8

 Unknown 0 0.0 2 1.6 1 1.0

(Continued)
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1.76–2.84; p < 0.001, Cox proportional hazards 
model)]. Within a third analysis including different 
first-line local therapies (stereotactic radiosurgery, 
surgical resection, WBRT, none) as well as type of 
systemic first-line therapy after diagnosis of 
BCBM, both factors were shown to be associated 

independently with OS [HR 1.11 (95% CI: 1.00–
1.23; p = 0.043) versus HR 2.29 (95% CI: 1.81–
2.89; p < 0.001, Cox proportional hazards model)]. 
To further investigate the differential impact of dif-
ferent HER2-targeted therapies applied as sys-
temic first-line treatment after diagnosis of BM, 

Patients characteristics TP other-HER2-targeted therapy no-HER2-targeted therapy p value

n = 26 % 10.3 n = 128 % 50.8 n = 98 % 38.9

HER2-targeted therapy before BM

 Yes 25 96.2 113 88.3 64 65.3 0.000*

 No 1 3.8 15 11.7 34 34.7

Median lines of HER2-targeted 
therapies before BM

1 1 1 0.066

 Range 1–6 0–9 0–6

Median age at diagnosis of BM 53 52 56 0.433

 Range 35–73 30–77 27–85

Median Karnofsky Performance 
Status at diagnosis of BM

70 80 80 0.013*

 Range 60–90 50–100 30–100

Concomitant leptomeningeal carcinomatosis at diagnosis of BM

 Yes 3 11.5 9 7.0 9 9.2 0.695

 No 23 88.5 119 93.0 89 90.8

Median time to recurrence 
from first diagnosis until 
metastases (months)

20 21 21 0.789

 Range 0–208 0–141 0–105

Median BM-free survival from 
metastatic disease until BM 
(months)

31 38 39 0.807

 Range 1–256 0–223 0–242

Median OS from diagnosis of 
BC (months)

174 69 50 0.000*

 Range 11–296 6–242 9–257

Median OS from diagnosis of 
BM (months)

44 17 3 0.000*

 Range 2–61 0–99 0–84

*p values < 0.05 were considered to indicate statistical significance. 
BC = breast cancer; BM = brain metastases; ER = oestrogen receptor; HER2 = human epidermal growth factor receptor 2; OS = overall survival; 
TP = combination of trastuzumab and pertuzumab.

Table 1. (Continued)
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both DS-GPA and type of systemic first-line thera-
pies after BM were entered into a fourth multivari-
ate analysis. Within this analysis, DS-GPA (HR 
1.94 [95% CI: 1.47–2.57; p < 0.001, Cox propor-
tional hazards model)] and all HER2-targeted 
therapies except for the combination of trastu-
zumab and lapatinib remained significantly corre-
lated with OS with TP presenting the lowest HR 
[TP: HR 0.15 (95% CI: 0.08–0.30; p < 0.001); 
TDM-1: HR 0.31 (95% CI: 0.15–0.62; p < 0.001); 
lapatinib: HR 0.39 (95% CI: 0.24–0.64; p < 0.001); 
trastuzumab: HR 0.61 (95% CI: 0.44–0.83; 
p = 0.002); trastuzumab and lapatinib: HR 0.53 
(95% CI: 0.23–1.21; not significant); Cox propor-
tional hazards model]. Results of this multivariate 
analysis are visualized within Figure 3.

Within a separately analysed subgroup of 21 
patients (8.3%) with concomitant LC at diagno-
sis of solid BM, no significant association of 
median OS with systemic first-line therapies 
could be observed (4 months with TP versus 
3 months with other-HER2-targeted therapy ver-
sus 1 month with no-HER2-targeted therapy, 
p > 0.05; log-rank test).

Discussion
Systemic therapy has become an important treat-
ment option in patients with BCBM. The HER2-
positive and luminal subtypes have a favourable 
OS prognosis in comparison with triple negative 
BC even upon the diagnosis of BM with a median 
survival of up to 24 months.23 In consequence, 
treatments such as WBRT with the ensuing risk 
for neurocognitive decline have to be considered 
with caution.25,26 This has led to a surge of interest 
in the intracerebral effect of systemic drugs. As BC 
patients with BM were frequently excluded from 
registration trials, only limited knowledge regard-
ing a direct effect of systemic treatment on BM is 
available. Despite all limitations, retrospective out-
come analyses in BCBM are therefore of interest.

In our patient cohort, the application of HER2-
targeted therapy as systemic first-line therapy after 
diagnosis of BM was significantly associated with 
prolonged OS compared with no HER2-targeted 
treatment. Of note, the effect was independent of 
the DS-GPA and time period of diagnosis. 
Importantly, 40% of the included patients did not 
receive HER2-targeted treatment as they were 
diagnosed mainly before continued administration 
of HER2-directed therapy after local treatment for 
BM was applied routinely. Moreover, over the last 

decade the treatment pattern, especially in BM 
treatment, changed and an increasing fraction of 
patients is treated routinely with systemic therapy.27 

Table 2. Applied therapies after diagnosis of BM.

Initial local therapy for BM n = 252 %

 Surgical resection 49 19.4

 SRS 78 30.9

 WBRT 112 44.4

 No local therapy 11 4.5

 Unknown local therapy 2 0.8

HER2-targeted therapy after BM n = 154 61.1 %

Median applied HER2-targeted therapy lines after 
BM

1

 Range 1–9

Applied HER2-targeted therapies as systemic first-line therapy after BM

 Trastuzumab 83 53.9

 Lapatinib 25 16.2

 Trastuzumab + Lapatinib 7 4.5

 T-DM1 13 8.4

 TP 26 16.9

TP as systemic first-line therapy after BM n = 26 16.9 %

Median cycles of TP treatment 11

 Range 2–104

TP combination

 Alone 3 11.5

 Local therapy 8 30.8

 Chemotherapy + local therapy 15 57.7

TP maintenance therapy after combination with chemotherapy

 Yes 5 19.2

 No 21 80.8

Median PFS (months) 8

 1–55

BM = brain metastases; HER2 = human epidermal growth factor receptor 2;  
PFS = progression-free survival; SRS = stereotactic radiosurgery; 
T-DM1 = trastuzumab-emtansine; TP = combination of trastuzumab and 
pertuzumab; WBRT = whole brain radiotherapy.
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However, the survival benefit of systemic first-line 
therapy in our study appeared to be most pro-
nounced with TP, where an OS of 44 months was 
observed, which supports the ongoing application 
of systemic therapies in BCBM patients. Previous 
case series have already suggested a survival benefit 
with continuation of systemic treatment after BM 
diagnosis. OS in these studies, however, was usu-
ally not correlated with DS-GPA. In addition, it is 
still unresolved if the main OS effect of systemic 
treatment is due rather to systemic disease control 
as opposed to a direct effect of BM. In fact, 
approximately half of BC patients with BM die 
with progressing BM while the extracranial dis-
ease is stable.28 To overcome these issues, the 

DS-GPA was included into a multivariate analysis 
to correct for the best-established prognostic fac-
tors. In addition, we evaluated the response rates 
with TP applied as systemic first-line therapy in 
patients with and without local treatment by radi-
ological re-assessment of central nervous system 
(CNS) response rates from brain MRI scans 
wherever available. Therefore, survival data in our 
study are believed to be linked to a direct effect of 
systemic treatment of BCBM.

A direct effect of TKIs in BM is meanwhile well 
established: in a prospective single-arm phase II 
study, Lin et al.7 reported an intracranial response 
rate of 6% with single-agent lapatinib in 

Figure 2. Kaplan–Meier estimates for OS. (a) Median OS according to time period of BC diagnosis (p = 0.002; log-rank test). (b) 
Median OS according to treatment with TP, other-HER2-targeted therapy and no-HER2-targeted therapy as systemic first-line 
treatment after diagnosis of BM.
(p < 0.001; log-rank test).
BC = breast cancer; BM = brain metastases; HER2 = human epidermal growth factor receptor 2; OS = overall survival; TP = combination of 
trastuzumab and pertuzumab.

Table 3. Summary of radiologically re-assessed iORR and iCBR according to different applications of dual 
blockade with TP as systemic first-line treatment after diagnosis of BM.

TP applied as systemic first-
line therapy after BM

iORR iCBR

ptx % ptx %

TP monotherapy 1/1 100.0 1/1 100.0

TP with LT 5/5 100.0 5/5 100.0

TP with CHT and LT 7/8 87.5 8/8 100.0

TP overall 13/14 92.9 14/14 100.0

BM = brain metastases; CHT = chemotherapy; iCBR = intracranial clinical benefit rate; iORR = intracranial objective 
response rate; LT = local therapy; ptx = patients; TP = combination of trastuzumab and pertuzumab.
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progressive BCBM; an additional 21% of patients 
had some minor degree of disease shrinkage. In an 
extension cohort evaluating the combination of 
lapatinib and capecitabine, a CNS response rate 
of 20% was observed. With a 66% response rate 
observed in the LANDSCAPE trial, this combi-
nation was later established as a potential standard 
as upfront therapy of asymptomatic to oligosymp-
tomatic patients with multiple HER2-positive 
BCBM.8 More recently, neratinib, a second-gen-
eration TKI of epithelial growth factor receptor 
(EGFR) and HER2, in combination with capecit-
abine yielded an intracranial response rate of 33% 
in patients with and 49% in patients without prior 
lapatinib treatment.9 In line with the assumption 
that TKIs are most likely to reach clinically rele-
vant concentrations within BM tissue due to their 
molecular size and permeability characteristics, 
addition of the highly selective HER2 TKI 
tucatinib to trastuzumab and capecitabine resulted 
in an improved progression-free survival (PFS) 
even in the subgroup of BC patients with active 
BM in a recently published phase II trial.29 
However, also TDM-1 – although significantly 
larger in size and therefore earlier considered of 
not being able to penetrate into BM tissue – did 
achieve meaningful intracranial responses.13 In 
contrast, no prospective trial has evaluated the 
activity of TP in BCBM patients so far. However, 

within the PHEREXA phase III trial of BC 
patients receiving pertuzumab in addition to tras-
tuzumab and capecitabine during or after progres-
sion upon trastuzumab, a non-significant OS 
benefit was observed, which appeared to be more 
pronounced in the subgroup of patients with sta-
ble BM at baseline.30 Therefore, we decided to 
focus on a potential direct effect of TP in BCBM. 
In our study, systemic first-line treatment with TP 
after BM diagnosis yielded the best OS results as 
compared with other types of HER2-directed 
therapy or no further HER2-directed treatment 
(44 versus 17 versus 3 months). Addressing the 
question of a direct effect of TP on BM, iORR 
and iCBR among radiologically re-assessed 
patients were 92.9% and 100.0%, respectively.

While clinically interesting, our results need to be 
interpreted with caution due to the retrospective 
design of our study. Unfortunately, no informa-
tion with regard to quality of life of our patients 
under TP treatment was available, which should 
be addressed within prospective studies. In addi-
tion, trastuzumab and pertuzumab are today com-
monly used in the neoadjuvant, adjuvant and/or 
first-line metastatic setting, limiting the use of 
dual antibody treatment in later lines. However, 
patients receiving TP as systemic first-line therapy 
in our study were initially significantly more often 

Figure 3. Forest plot of a multivariate analysis with DS-GPA and different systemic first-line therapies applied 
after diagnosis of BCBM.
BCBM = breast cancer brain metastases; CI = confidence interval: DS-GPA = diagnosis specific graded prognostic 
assessment score; HR = hazard ratio; Lap = lapatinib; T = trastuzumab; T-DM1 = trastuzumab-emtansine; TP = combination 
of trastuzumab and pertuzumab.
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diagnosed with stage IV disease, pre-treated with 
Her2-targeted therapies and generally in worse 
performance status and still benefited the most.

In summary, this is the first analysis investigating 
differences in outcome between the currently 
available, modern HER2-targeted therapies in 
BCBM patients. We were able to show that prog-
nosis of these patients improved over the last dec-
ades due to new treatment approaches. We 
observed a significant difference in terms of out-
come between different HER2-targeted therapies 
applied as systemic first-line treatment with the 
longest OS associated with TP. In addition, TP 
yielded clinically relevant intracranial response 
rates. Prospective clinical trials on HER2-targeted 
therapies in BCBM patients are warranted to vali-
date the present results.
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