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Abstract

Background. Intracranial metastatic disease (IMD) is a serious and known complication of human epidermal
growth factor receptor 2 (HER2)-positive breast cancer.The role of targeted therapy for patients with HER2-positive
breast cancer and IMD remains unclear. In this study, we sought to evaluate the effect of HER2-targeted therapy on
IMD from HER2-positive breast cancer.

Methods. We searched MEDLINE, EMBASE, CENTRAL, and gray literature sources for interventional and obser-
vational studies reporting survival, response, and safety outcomes for patients with IMD receiving HER2-targeted
therapy. We pooled outcomes through meta-analysis and examined confounder effects through forest plot stratifi-
cation and meta-regression. Evidence quality was evaluated using GRADE (PROSPERO CRD42020161209).
Results. A total of 97 studies (37 interventional and 60 observational) were included. HER2-targeted therapy was
associated with prolonged overall survival (hazard ratio [HR] 0.47; 95% confidence interval [Cl], 0.39-0.56) without
significantly prolonged progression-free survival (HR 0.52; 95% ClI, 0.27-1.02) versus non-targeted therapy; the
intracranial objective response rate was 19% (95% Cl, 12-27%), intracranial disease control rate 62% (95% Cl,
55-69%), intracranial complete response rate 0% (95% Cl, 0-0.01%), and grade 3+ adverse event rate 26% (95% Cl,
11-45%). Risk of bias was high in 40% (39/97) of studies.

Conclusion. These findings support a potential role for systemic HER2-targeted therapy in the treatment of patients
with IMD from HER2-positive metastatic breast cancer.

Key Points

e We performed a meta-analysis of survival, response, and safety outcomes for 7157
patients from 97 studies.

e HER2-targeted therapy was associated with prolonged overall survival for patients with
IMD from HER2-positive breast cancer.

e Our results support a potential role for systemic HER2-targeted therapy for this patient
population.
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Importance of the Study

We reviewed the literature and meta-analyzed
outcomes for HER2-targeted therapy in patients
with HER2-positive breast cancer and IMD. HER2-
targeted therapy was associated with prolonged
overall survival, notable response proportions,
and an adverse event rate that may depend
on drug structure. These findings support a

Intracranial metastatic disease (IMD) is one of the most
feared complications of breast cancer, the most common
cancer in women and the second most frequent cause of
IMD, accounting for 15-20% of all brain metastases.’
Expression of the human epidermal growth factor re-
ceptor 2 (HER2) is associated with an increased risk of
IMD (odds ratio 2.7; 95% confidence interval [Cl], 2-3.7)
compared to other breast cancer subtypes.*® Up to 50%
of women with HER2-positive breast cancer develop
IMD over their lifetime.>" Furthermore, the incidence
of IMD in women with HER2-positive breast cancer is
increasing due to advances in detection and improved
systemic disease control.'? Diagnosis with IMD has sig-
nificant implications for prognosis: the median survival
for patients with HER2-positive metastatic breast cancer
is 26.3-30 months with IMD versus 42.5-47.9 months
without brain involvement." '3~ Furthermore, diagnosis
with IMD may result in reduced quality of life because of
neurological deficit, as well as a “loss of hope and a fear
of loss of self” 316

Treatment for IMD in patients with HER2-positive breast
cancer has historically been limited to surgical resection and
radiotherapy; the role for chemotherapy has generally been
disappointing.'? The intracranial efficacy of chemotherapy
is thought to be limited by cell-intrinsic resistance and poor
penetration of drugs across the blood-brain barrier.'620

The finding of prolonged survival with HER2 inhibi-
tion in women with HER2-positive metastatic breast
cancer?™?5 and the increased permeability of novel
HER2 inhibitors into the brainZ® have led to an interest in
HER2-targeted therapy as a treatment of IMD from HER2-
positive metastatic disease.'®?” Guidelines from the
National Comprehensive Cancer Network,'® Congress of
Neurological Surgeons,” and European Association of
Neuro-Oncology reflect the paucity of evidence to sup-
port or condemn the use of HER2-targeted therapy for IMD.

Although prior systemic reviews have been conducted,
these studies do not speak to HER2 targeting agents de-
veloped since trastuzumab and lapatinib, and one is not
restricted to patients with HER2-positive disease.?8? Qur
understanding of outcomes among patients with HER2-
positive breast cancer brain metastases who receive
HER2-targeted therapy thus remains limited. To address
this limitation, we conducted this systematic review and
meta-analysis to update the literature on the effects of
HER2-targeted therapy on survival, response, and safety
outcomes in patients with HER2-positive breast cancer
and IMD.

potential role for HER2-targeted therapy in the
treatment of IMD from HER2-positive metastatic
breast cancer. Future trials should include pa-
tients with IMD to determine optimal treatment
combinations and sequences and illuminate the
role of novel therapies that may have efficacy in
the central nervous system.

Methods
Eligibility Criteria

Included studies reported outcomes for patients with
IMD from HER2-positive breast cancer who received
post-IMD HER2-targeted therapy. Details are available in
Supplementary Methods.

Search Strategy

On January 27, 2020, we searched multiple databases and
gray literature sources. The full search strategy is available
in Supplementary Methods and Supplementary Tables
S1-S3).

Study Selection

Retrieved records underwent title-and-abstract review
then full-text review. Independent reviewers (A.W.E. and
FG.) screened the studies in duplicate using the eligibility
criteria (Supplementary Tables S4 and S5). Reasons for ex-
clusion at full-text review were recorded. Disagreements
were resolved by discussion. Cohen’s « statistic was calcu-
lated for both steps.

Data Extraction

Two independent reviewers (AW.E. and EG.) extracted
all study outcomes and characteristics in duplicate.
Disagreements were resolved through discussion. Only
data specific to patients with IMD from HER2-positive
breast cancer were extracted.

Synthesis of Results

Principal summary measures were hazard ratios (HRs)
for survival outcomes and proportions for response and
safety outcomes. We estimated summary effect sizes
through meta-analyses with random effects models using
the inverse variance method. Tests for heterogeneity in-
cluded P, t?, and Q statistics. Analysis was performed
using the statistical programming language R (version
3.6.1, R Core Team, 2019)%° and the R packages robvis®
and meta.%?
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Additional Analyses

We conducted subgroup and sensitivity analyses and
meta-regression to estimate subgroup effect sizes, assess
robustness, and investigate confounders (Supplementary
Methods).

Risk of Bias

We assessed risk of bias in randomized controlled trials
(RCTs) using the Cochrane Risk of Bias (RoB 2) tool,® co-
hort studies using the Newcastle-Ottawa Scale,?* and the
one non-randomized controlled trial (NRCT) using the
ROBINS-I tool.?® Independent reviewers (A.W.E. and FG.)
assessed risk in duplicate and resolved discrepancies
through discussion. We assessed evidence quality using the
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) framework,%® and publication bias
through Egger’s test and funnel plot inspection.

Results

The literature search yielded 3449 records, from which we in-
cluded 97 studies and 7157 patients (Figure 1).7¥7-132The 97
included studies were 4 RCTs, 1 NRCT, 32 single-arm inter-
ventional trials, 1 prospective cohort study, and 59 retrospect-
ives cohort studies. Thirty-six of the 41 comparative studies
compared HER2-targeted therapy to a non-targeted therapy,
and 5 compared different HER2-targeted therapies to one
another. Median follow-up ranged from 6.25 to 26 months
(Supplementary Table S6). Pharmaceutical industry funding
was disclosed by 49% (48/97) of studies (Supplementary
Table S7).Trial characteristics are listed inTable 1.

Overall Survival

A meta-analysis of the 21 studies reporting overall survival
(OS) HR comparing HER2-targeted therapy to non-targeted
therapy showed HER2-targeted therapy was associated
with prolonged OS (HR 0.47; 95% ClI, 0.39-0.56; n = 3059;
Figure 2). Summary estimates for individual agents for OS
and all other outcomes are presented in Supplementary
Table S8. Seventy-two studies reported OS in formats ineli-
gible for meta-analysis (Supplementary Table S9).

Progression-Free Survival

A meta-analysis of 4 studies showed that HER2-targeted
therapy was not associated with prolonged progression-
free survival (PFS; HR 0.52; 95% Cl, 0.27-1.02; n = 475;
Supplementary Figure S1). Twenty-nine studies re-
ported PFS in formats ineligible for meta-analysis
(Supplementary Table S10). Additional outcomes related
to disease progression were reported in formats ineli-
gible for meta-analysis: intracranial progression-free sur-
vival (iPFS), intracranial time to progression (iTTP), time to
progression (TTP), and intracranial duration of response
(iDoR) (Supplementary Tables S11-S14). Benefit with

HER2-targeted therapy was seen in both studies reporting
comparative iPFS (Supplementary Table S11) and in 3 of 4
studies reporting comparative iTTP (Supplementary Table
S12). Comparative estimates forTTP and iDoR were not re-
ported (SupplementaryTables S13 and S14).

Intracranial Objective Response Rate

We performed a meta-analysis for intracranial objective
response rate (iORR) proportions from 36 studies. These
were 28 single-arm interventional trials and 8 retrospective
cohort studies. The summary estimate for iORR as a pro-
portion was 19% (95% Cl, 12-27%; n = 976; Figure 3).

Intracranial Disease Control Rate

We performed a meta-analysis for intracranial disease
control rate (iDCR) proportions from 33 studies. These
were 1 NRCT, 25 single-arm interventional trials, and 7
retrospective cohort studies. The summary estimate for
iDCR as a proportion was 62% (95% Cl, 54-69%; n = 922;
Supplementary Figure S2). Stratification by HER2-targeted
agent and by publication before versus after 2018 pro-
duced distinct subgroup estimates and resolved some het-
erogeneity (Supplementary Figures S3 and S4).

Intracranial Complete Response Rate

We then performed a meta-analysis on intracranial com-
plete response rate (iCRR) proportions from 30 studies.
These were 25 single-arm interventional trials and 5 ret-
rospective cohort studies. The summary estimate for
iCRR as a proportion was 0% (95% Cl, 0-1%; n = 891;
Supplementary Figure S5).

Safety

Studies reported CTCAE grade 3+ adverse events as either
a number of total events (15 studies; Supplementary Table
S15) or as a number of patients who experienced events
(10 studies; Figure 4). Summary estimate for grade 3+ ad-
verse event rate from studies reporting patient numbers
was 26% (95% Cl, 11-45%; Figure 4). Stratification by drug
structure (monoclonal antibody vs small-molecule inhib-
itor) produced distinct subgroup estimates and resolved
some heterogeneity (Supplementary Figure S6). Only one
study reported a central nervous system (CNS)-specific se-
rious adverse event rate, which was 8% (30/399) in patients
receiving T-DM1.120

Additional Analyses

Sensitivity analyses

Sensitivity analyses did not produce significantly different
summary estimates (Figures 2-4, Supplementary Figures
S1, S2, and S5). Of note, omission of one study3” produced
a significant summary estimate for PFS (HR 0.41; 95% ClI,
0.30-0.56; n=374).
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Meta-regression

Meta-regression for OS, iORR, iDCR, and iCRR did not
show association between selected characteristics and
summary estimates (Supplementary Table S16). Two coef-
ficients in the model for grade 3+ adverse event rate were
significant: drug structure (small-molecule inhibitor vs
monoclonal antibody, g = 0.33, P = .02) and study design
(retrospective cohort study vs RCT, 3 =-0.47, P=.01).

Risk of Bias

Risk of bias varied among the included studies
(Supplementary Figures S7-S11). Egger’s test and visual
inspection of funnel plots suggested asymmetry due
to publication bias in the summary estimates for iDCR
(P = .01, Supplementary Figure S12) and iCRR (P = .02,
Supplementary Figure S13) and were undetected for other
summary estimates (Supplementary Figures S14-S17).

Database_s . 772 studies retrived
2877 studies retrived
625 MEDLINE 150 Google Scholar
1925 EMBASE 21 ClinicalTrials.gov
127 CENTRAL 2 PROSPERO

4 ICTRP

46 ASCO (all years)
386 ESMO (2017-2019)
138 SNO (2017-2019)
25 Reference lists

Grey literature (title screening)

v

670 studies irrelevant

l

32 exportable

17 Google Scholar

70 abstracts/web-pages
screened manually

70 studies excluded

v

53 studies irrelevant

15 ESMO

3 duplicated within grey literature sources
14 duplicated within Covidence sources

2709 studies imported
to Covidence

v

496 duplicates removed

v

v

2213 abstracts screened

1705 studies irrelevant

\4

508 full texts assessed
for eligibility

v

10 case report

3 case series
2 review

A4

411 studies excluded

203 overlap with an included / excluded study

95 no IMD-specific outcomes

31 no HER2 inhibitor-specific outcomes

28 does not report any of the pre-specified outcomes
12 IMD incidence / prevalence study

11 patients with baseline IMD excluded from study

7 fewer than 5 patients with HER2+ IMD
6 full text unavailable

1 no post-IMD HER2 inhibitor-specific outcomes
1 HER2 status unverified
1 oral presentation

97 studies included

Figure 1.

PRISMA flow diagram. Search queries were conducted in PubMed, EMBASE, CENTRAL, and gray literature source from their inception

to January 27, 2020 for studies reporting survival, response, and safety outcomes for patients with IMD from HER2-positive breast cancer who re-
ceived HER2-targeted therapy. Cohen'’s « statistic for inter-rater reliability at title-and-abstract (0.71) and full-text screening stages (0.67) indicated

substantial agreement between reviewers.
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Continued

Table 1.

Comparator

£
>
Q
©
=
(0]
£
=

Publica-

tionType

Art.

NA
NA
NA
NA
NA

34
10
32
26

1

Lapatinib + capecitabine

Sing. Int.

2010

Sutherland, S. et al.'28

Toi, M. et al.2®

Lapatinib

Sing. Int.

Art.

2009
2018

Trastuzumab + everolimus + vinorelbine
T-DM1

Sing. Int.

Art.

Van Swearingen, A. et al.'3°

Yardley, D. et al.’3

Sing. Int.

Art.

2015

Lapatinib + cabazitaxel

Sing. Int.

Art.

2018

Yardley, D. et al.’32

Art., article; Abstr., abstract; RCT, randomized controlled trial; NRCT, non-randomized controlled trial; Pro. Coh., prospective cohort study; Ret. Coh., retrospective cohort study; Sing. Int., single-arm interventional
trial; AC-TH, doxorubicin + cyclophosphamide then trastuzumab + paclitaxel; TCH, paclitaxel + cyclophosphamide + trastuzumab; AC-T, doxorubicin + cyclophosphamide then paclitaxel; T-DM1, trastuzumab

emtansine; RT, radiotherapy; SRS, stereotactic radiosurgery; —, none; NA, not applicable.

GRADE

Evidence certainty level differed between outcomes and
study designs (Table 2).

Discussion

In our meta-analysis, HER2-targeted therapy was associ-
ated with prolonged OS (HR 0.47; 95% Cl, 0.39-0.56) in pa-
tients with HER2-positive breast cancer and IMD, with an
iORR of 22% (95% CI, 14-30%), an iDCR of 62% (95% CI,
55-69%), an iCRR of 0% (95% Cl, 0-0.01%), and a grade 3+
adverse event rate of 26% (95% Cl, 11-45%). HER2-targeted
therapy did not have a statistically significant effect on PFS
(HR 0.52; 95% Cl, 0.27-1.02).

The lack of prolonged PFS with HER2-targeted therapy
may be an artifact of multiple data limitations. First, only
4 of 29 eligible studies included PFS data amenable to
pooling. Second, the RECIST 1.1 criteria used to eval-
uate PFS do not distinguish between systemic and intra-
cranial progression. Hence, a patient experiencing CNS
benefit may be taken off therapy due to systemic progres-
sion. Third, this estimate was produced through pooling
studies with different designs and treatments; this variety
may both account for this result and reduce its credibility.
Prolonged iPFS and iTTP were reported with HER2-targeted
therapy versus non-targeted therapy by 2 and 3 studies, re-
spectively (SupplementaryTables S11 and S12).

Subgroup analysis suggested that estimates for indi-
vidual HER2-targeted agents were similar (Supplementary
Table S8). Stratification of grade 3+ adverse event rate
by drug structure suggested that antibody-based ther
apies were associated with lower rates of grade 3+ ad-
verse events compared to small-molecule inhibitors
(Supplementary Figure S6). This could be the result of
greater pharmacokinetic distribution of small-molecule
inhibitors compared to antibodies,'3'3 an inherent differ-
ence in toxicity between classes or a spurious product of
multiple comparisons.

Sensitivity analyses showed that our results were ro-
bust. Meta-regression revealed significant coefficients
for study design and drug structure in modeling grade 3+
adverse event rate, although this analysis was underpow-
ered due to the small ratio between the number of studies
(k=11) and model variables (n = 3).

Risk of bias varied in our study. Seventy-five percent
(24/32) of single-arm interventional studies did not report
central or blinded outcome measurement. Fifty-six percent
(20/36) of comparative cohort studies either did not con-
trol or did not report control of confounders between study
arms (Supplementary Figure S7). Most cohort studies did
not report adequate follow-up (62%, 37/60) or follow-up
completeness (82%, 49/60); Supplementary Figure S9).

Our results were consistent with previous reviews of
trastuzumab and lapatinib for IMD from HER2-positive
breast cancer.?®?° Reviews of other HER2-targeted ther-
apies are lacking.

Since the execution of our literature search, the
HER2CLIMB, CLEOPATRA, EMILIA, and KAMILLA trials have
reported intracranial antitumor activity with the addition of


https://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdaa136#supplementary-data
https://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdaa136#supplementary-data
https://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdaa136#supplementary-data
https://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdaa136#supplementary-data
https://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdaa136#supplementary-data
https://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdaa136#supplementary-data
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No. patients No. patients

Study (HER2 therapy) (control) HR (95% ClI) OS Hazard Ratio Weight
!
1
Griguolo, G. et al. 2018 22 10 0.12 [0.02; 0.69] —~—j— 1.0%
Morikawa, A. et al. 2018 80 20 0.24 [0.14;0.41] —#—i 5.1%
Zhang, Q. et al. 2016 24 36 0.25 [0.12;0.53] —— 3.5%
Zhang, C. et al. 2016 33 35 0.25 [0.13;0.46] —*— 4.3%
Park, Y. et al. 2009 40 37 0.28 [0.06; 1.20] —t 1.3%
Bartsch, R. et al. 2011 43 37 0.29 [0.16; 0.54] —I—:- 4.4%
Gori, S. et al. 2019 102 52 0.30 [0.19; 0.47] — 5.7%
Gomes, D. et al. 2015 NR NR 0.41 [0.28; 0.60] & 6.4%
Hayashi, N. et al. 2015 283 149 0.44 [0.35; 0.56] ] 7.7%
Kaplan, M. et al. 2015 20 30 0.46 [0.22;0.96] —-i'— 3.6%
Le Scodan, R. et al. 2011 32 20 0.49 [0.29;0.83] —— 5.1%
Mounsey, L. et al. 2018 76 47 0.61 [0.39;0.96] T 5.7%
Yap, Y. etal. 2012 115 165 0.62 [0.43;0.89] = 6.5%
Miller, J. et al. 2017 82 17 0.70 [0.49; 0.99] i 6.7%
Parsai, S. et al. 2019 50 76 0.71 [0.42;1.21] e 5.0%
Karam, I. et al. 2011 130 46 0.73 [0.50; 1.06] :—l- 6.4%
Yomo, S. et al. 2013 24 16 0.99 [0.33;2.95] -—t 21%
Hulsbergen, A. et al. 2020 8 7 1.88 [0.40; 8.75] —r— 1.2%
¢
¢
)
1
)
1
Murthy, R. et al. 2019 198 93 0.58 [0.40; 0.85] B 6.4%
Chan, A. et al. 2019 64 37 0.74 [0.43;1.27] :—I-— 4.9%
§<>
<>
1
1
3
1
Brufsky, A. et al. 2011 258 119 0.33 [0.24; 0.45] I—: 7.1%
g
=
!
1l
Il
Fixed effect model 1684 1049 0.47 [0.43;0.52] 4 -
Random effects model 0.47 [0.39; 0.56] <& 100.0%
T 1

Heterogeneity: 12 = 62%, t2 = 0.0977, p < 0.01
Residual heterogeneity: /2 = 59%, p < 0.01 01 051 2 10

Favors HER2 therapy Favors control

Figure 2. Qverall survival in patients who received HER2-targeted therapy versus non-targeted therapy. Hazard ratios for overall survival were ex-
tracted from eligible studies and pooled in a meta-analysis. Studies here are stratified by study design. The size of each box represents the weight
of each study in the meta-analysis. The vertical solid line represents the point of equivalence between HER2-targeted therapy and comparators.
The vertical dashed and dotted lines represent the points of summary for fixed and random effects models, respectively, and the diamonds repre-
sent 95% Cl. Analyses were performed with the R programming language® and the R package meta.®

tucatinib to trastuzumab and capecitabine, pertuzumab to
trastuzumab plus docetaxel, -DM1 versus lapatinib plus
capecitabine, and T-DM1, respectively.38135-137

Progress in the field of breast cancer brain metastases
is still limited by infrequent evaluation of CNS-specific
endpoints. This is reflected in the paucity of comparative
intracranial results in our study: Of 36 studies comparing
HER2-targeted therapy to a non-targeted comparator,
none reported iORR, iDoR, iTTR, and iBCLS for both ex-
perimental and control arms, while only 1 trial reported
iCRR, 2 reported iDCR and iPFS, and 4 evaluated iTTP. To
obtain high-quality data regarding the efficacy of systemic

therapy for the treatment of breast cancer patients with
IMD, intracranial outcomes need to be collected prospec-
tively in relevant RCTs. More liberal inclusion of patients
with IMD should also be considered in the design of future
clinical trials.138-140

Limitations

Our study had several limitations. First, patients with
IMD from HER2-positive breast cancer were a subgroup
in many of the included studies and therefore, outcomes
for these patients were often few and secondary. Second,
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CNS
Study CasesTotal ORR
Le Scodan, R. et al. 2011 0 23 0.00
Okines, A. et al. 2018 0 13 0.00
Fabi, A. et al. 2018 13 53 0.25
Mailliez, A. et al. 2016 4 14 0.29
Metro, G. et al. 2011 7 22 0.32
Huang, C. et al. 2010 9 26 0.35
Mc, Cabe Y. et al. 2016 4 10 0.40
Riahi, H. et al. 2010 23 31 0.74
de Azambuja, E. et al. 2013 0 15 0.00
Bonneau, C. et al. 2018 0 14 0.00
Lin, N. et al. 2008 1 39 0.08
Yardley, D. et al. 2018 0 5 0.00
Van Swearingen, A. et al. 2018 1 26 0.04
Lin, N. et al. 2009 15 237 0.06
Leone, J. et al. 2019 1 21 0.05
Freedman, R. et al. 2019 3 40 0.07
Metzger, O. et al. 2017 3 36 0.08
Giotta, F. et al. 2010 1 14 0.07
Lin, N. et al. 2016 4 37 0.11
Morikawa, A. et al. 2019 1 11 0.09
Falchook, G. et al. 2013 1 10 0.10
Ro, J. et al. 2012 8 47 017
Sutherland, S. et al. 2010 7 33 0.21
Toi, M. et al. 2009 2 10 0.20
Lin, N. et al. 2011 5 22 0.23
MacPherson, I. et al. 2019 1 5 0.20
Bartsch, R. et al. 2008 1 5 0.20
Hurvitz, S. et al. 2018 5 19 0.26
Pistilli, B. et al. 2018 1 4 0.25
Shawky, H. et al. 2014 7 21 0.33
Borges, V. et al. 2018 5 14 0.36
Naskhletashvili, D. et al. 2010 2 5 0.40
Murthy, R. et al. 2018 5 12 042
Bachelot, T. et al. 2011 24 42 0.57
Christodoulou, C. et al. 2017 7 12 0.58
Lin, N. et al. 2013 22 28 0.79
Fixed effect model 976 0.15
Random effects model 0.19

Heterogeneity: /2 = 85%, 12 = 0.0527, p < 0.01
Residual heterogeneity: /2 = 85%, p < 0.01

CNS ORR
95% CI (proportion) Weight
[
[
[0.00; 0.15] =——' 3.0%
[0.00; 0.25] »——— 2.7%
[0.14; 0.38] R 3.3%
[0.08;0.58] —————— 2.7%
[0.14; 0.55] —— 3.0%
[0.17; 0.56] I 3.0%
[0.12; 0.74] — 2.5%
[0.55; 0.88] . R 3.1%
| <>
L
—
:;
1.
[
[0.00; 0.22] +——+ 2.7%
[0.00; 0.23] »——— 2.7%
[0.00;0.13] #—!" 3.2%
[0.00; 0.52] ——————— 1.9%
[0.00; 0.20] —+=— 3.0%
[0.04;0.10] E& 3.5%
[0.00; 0.24] ———— 2.9%
[0.02;0.20] —=— 3.2%
[0.02; 0.22] —%—— 3.2%
[0.00; 0.34] ———+—— 2.7%
[0.03; 0.25] —#+— 3.2%
[0.00; 0.41] —+—F—— 2.5%
[0.00; 0.45] —+——— 2.5%
[0.08;0.31] —— 3.3%
[0.09;0.39] —=—o 3.1%
[0.03;0.56] ——++—— 2.5%
[0.08;0.45] —r=— 3.0%
[0.01; 0.72] > 1.9%
[0.01; 0.72] — 1.9%
[0.09;051] ——=—— 2.9%
[0.01; 0.81] f 1.7%
[0.15; 0.57] — 2.9%
[0.13; 0.65] A 2.7%
[0.05; 0.85] — 1.9%
[0.15; 0.72] = 2.6%
[0.41; 0.72] v —_— 3.2%
[0.28; 0.85] o 2.6%
[0.59; 0.92] v R 3.1%
R
-
:z
[
[0.13; 0.18] o -
[0.12; 0.27]I < 100.0%

I I I 1
0 02 04 06 08

Figure 3. Intracranial objective response rate in patients who received HER2-targeted therapy. Proportions for iORR were extracted from eligible
studies and pooled in a meta-analysis. Studies here are stratified by study design. The size of each box represents the weight of each study in the
meta-analysis. The vertical dashed and dotted lines represent the points of summary for fixed and random effects models, respectively, and the
diamonds represent 95% Cl. Analyses were performed with the R programming language® and the R package meta.*

heterogeneity was substantial or considerable in most of
our summary estimates. This was expected as our study
employed broad inclusion criteria. To resolve heteroge-
neity, our subgroup analyses and meta-regression iden-
tified important factors for several outcomes, although
these may be false positives from multiple comparisons.

Third, many outcomes were reported in formats that pre-
cluded meta-analysis. PFS, for example, was reported as
an HR comparing HER2-targeted therapy to non-targeted
therapy by only 4 of 29 studies reporting PFS. A more
accurate approximation of effects could be achieved
with increased reporting of meta-analyzable endpoints.
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Grade 3+ Grade 3+

Study CasesTotal AE rate 95% CI AE rate Weight

N 1

: 1
Krop, I. et al. 2015 (T-DM1 arm) 21 43 0.49 [0.33; 0.65] O 9.5%
Krop, I. et al. 2015 (Lapatinib arm) 31 49 0.63 [0.48;0.77] i —_— 9.6%

o _

1 R

§

¥

ol
Riahi, H. et al. 2010 0o 3t 0.00 [0.00;0.11] =— ! 9.3%
Jacot, W. et al. 2016 1 39 0.03 [0.00;0.13] =—— o 9.5%
Mailliez, A. et al. 2016 2 14 0.14 [0.02;0.43] —+——1— 8.5%

<o o
< . :

o

o

¥

o
Bonneau, C. et al. 2018 0 13 0.00 [0.00; 0.25] =——:! 8.4%
Pistilli, B. et al. 2018 1 9 0.11 [0.00; 0.48] - 7.9%
Montemurro, F. et al. 2017 112 399 0.28 [0.24;0.33] : 3 10.1%
Bachelot, T. et al. 2011 22 45 0.49 [0.34; 0.64] o 9.6%
Yardley, D. et al. 2018 6 11 0.55 [0.23;0.83] : : 8.2%
Lin, N. et al. 2008 25 39 0.64 [0.47;0.79] o —_— 9.5%

<

<|>

:

ol
Fixed effect model 692 0.29 [0.26; 0.33] < -
Random effects model 0.26 [0.11; 0.45] _ 100.0%
Heterogeneity: /2 = 92%, 12 = 0.0916, p < 0.01 I I I I I
Residual heterogeneity: /2 = 83%, p < 0.01 0 02 04 06 08

Figure 4. Grade 3+ CTCAE adverse event rate in patients who received HER2-targeted therapy. Proportions for grade 3+ CTCAE adverse event
rate were extracted from eligible studies and pooled in a meta-analysis. Studies here are stratified by study design. The size of each box represents
the weight of each study in the meta-analysis. The vertical dashed and dotted lines represent the points of summary for fixed and random effects
models, respectively, and the diamonds represent 95% CI. Analyses were performed with the R programming language® and the R package meta.®

Fourth, several outcomes key to clarifying the role of
HER2-targeted therapy in the management of IMD were
under-reported, such as comparative intracranial re-

sponse and safety outcomes, and CNS-specific clinical — gypplementary material is available at Neuro-Oncology
features and mortality. Advances online.

Supplementary Material

. Keywords
Conclusions
brain metastases | breast cancer | HER2/neu | molecular
Our study reviewed the literature and meta-analyzed targeted therapy
outcomes for HER2-targeted therapy in patients with
HER2-positive breast cancer and IMD. We find that HER2-
targeted therapy is associated with prolonged OS, no-

table response proportions, and an adverse event rate Acknowledgments
that may depend on drug structure. Our findings sup-

port a role for HER2-targeted therapy in the treatment We thank Kaitlin Fuller, MLIS for consultation in creating the pro-
of IMD from HER2-positive metastatic breast cancer. tocol and search strategies. We thank Alex Koziarz, MSc for re-
Future trials for HER2-positive metastatic breast cancer view of our search strategy according to the PRESS checklist.™!
should include patients with IMD to determine optimal Preliminary data from this study were presented in virtual
treatment combinations and sequences, and further illu- poster format at the SNO Conference on Brain Metastases,
minate the role of novel therapies that may have efficacy Aug 14, 2020.

in the CNS.
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