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Abstract

To simultaneously compare the efficacy and safety of small-molecule Human Epidermal Growth Factor Re-
ceptor 2 (HER2)-targeting tyrosine kinase inhibitor (TKI)-containing regimens for metastatic HER2-pos-
itive breast neoplasm. MEDLINE, Cochrane Central Register of Controlled Trials (CENTRAL), Embase,
Web of Science, and Scopus databases were systematically searched to identify randomized clinical trials
(RCT) that investigated the difference in overall survival (OS), progression-free survival (PFS), overall re-
sponse (OR), recurrence in central nervous system/brain metastasis (RCNS), total and grade 3 or 4 adverse
events (AE), diarrheal AEs, and cardiac AEs of small-molecule HER2-targeting TKI-containing regimens
in women with metastatic HER2-positive breast carcinoma. The revised Cochrane risk-of-bias tool for
randomized trials (RoB2) was used to evaluate the risk of bias in the included studies. When applicable,
pooled network estimates were synthesized by frequentist random-effect network meta-analysis using Stata
MP Software (version 14). Twenty-three studies comprising 7497 eligible patients were included. In all,
17 small-molecule anti-HER2 TKI (Lapatinib, Neratinib, Afatinib, Pyrotinib, and Tucatinib)-containing
and 10 other regimens were compared. In terms of increasing OS, the Pyrotinib/Capecitabine combination
ranked first best among small-molecule HER2-targeting TKI-containing regimens. In terms of PFS, the Py-
rotinib/Capecitabine combination prolonged PFS in comparison with all other small-molecule anti-HER2
TKI-containing regimens in the network. In the corresponding network, Pyrotinib/Capecitabine and Tucati-
nib/Trastuzumab/Capecitabine combinations ranked first best and second best among small-molecule an-
ti-HER2 TKI-containing regimens. In terms of AE, the Tucatinib/Trastuzumab/Capecitabine combination
ranked the highest for AE occurrence. Pyrotinib/Capecitabine and Tucatinib/Trastuzumab/Capecitabine
combinations seemed to be the most efficacious small-molecule HER2-targeting TKI-containing regimens
in metastatic HER2-positive breast cancer.
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Introduction

Breast cancer is the most common incidence
cancer and responsible for the largest number
of cancer mortality among women globally. The
number of new cases and deaths has been grow-
ing all over the world, with a more significant
rise in the less-developed countries (1, 2). Met-
astatic disease comprises nearly 6% of all breast
cancer cases at the initial diagnosis, and distant
site recurrence occurs in about 12% of patients in
previously treated non-metastatic breast cancer
patients (3, 4). The higher stage is the most predic-
tive of survival, with 5-year disease survival rates
of 98% and 27% for stage I and Stage IV disease,
respectively (3). Although survival has improved
for all breast cancer stages, the improvement was
less pronounced for metastatic disease (5), re-
flecting the need for more efficacious treatment
options for metastatic breast cancer. Therefore,
metastatic breast cancer is a burdensome health
condition that deserves further research endeav-
or. Human Epidermal Growth Factor Receptor 2
(HER2)-positive breast cancer is a distinct sub-
type of breast neoplasms (6). HER2 is a trans-
membrane receptor tyrosine kinase belonging to
the Epidermal Growth Factor Receptor (EGFR)
family. It is encoded by erbb2 proto-oncogene,
which is overexpressed in 15-20% of invasive ade-
nocarcinomas of the breast. HER2 overexpression
is associated with augmented proliferative and
invasion potentials of neoplastic cells, more fre-
quent axillary lymph node involvement, distant
metastasis, and poorer prognosis (6, 7). However,
HER?2 overexpression enables its therapeutic tar-
geting, which is one of the breakthroughs in the
field of breast cancer therapy. Thus far, HER2 has
been directly targeted in breast cancer by two main
approved classes of medications. Antibody-based
therapeutic targeting of HER2 encompasses con-
ventional monoclonal antibodies against HER2,
such as Trastuzumab (8) and Pertuzumab (9), and
antibody-drug conjugates, including Ado-Trastu-
zumab Emtansine (T-DM1) (10) and Fam-Tras-
tuzumab-Deruxtecan-Nxki (11). Another strat-
egy of HER2 targeting is using small-molecule
Tyrosine Kinase Inhibitors (TKI) that block the
initiation of signaling cascades by HER2 molecule
homodimers or heterodimers with other mem-
bers of EGFR family (12). Approved drugs of this
class for use in HER2-positive breast cancer con-

stitute Lapatinib (13), Neratinib (14), Pyrotinib
(15), and Tucatinib (16). Small-molecule HER2
targeting TKIs provide some potential advan-
tages over antibody-based therapeutic targeting.
Anti-HER2 monoclonal antibodies bind specifi-
cally to extracellular domains of HER2, whereas
most small-molecule HER2 targeting TKIs block
the cytoplasmic domain of other EGFR family re-
ceptors along with HER2, thus simultaneously in-
hibiting signal transduction from HER2 heterod-
imers with other EGFR family members (12, 17).
In contrast to small-molecule HER2 targeting
TKIs, monoclonal antibodies have limited pene-
trance into the central nervous system, and this
may confer small-molecule HER2 targeting TKIs
additional efficacy for preventing or controlling
brain metastasis (18). Thus, small-molecule
HER?2 targeting TKIs are treatment options with
promising roles in HER2-positive breast cancer.
A large body of evidence addressing the effica-
cy and safety of small-molecule HER2-targeting
TKIs in metastatic breast cancer has accumulat-
ed in the recent decade. Novel agents have been
introduced, and the efficacy profiles of different
regimens have been investigated. Nonetheless,
there are still many unsettled issues regarding
the relative efficacy of different agents and regi-
mens due to the lack of direct head-to-head tri-
als, the potential beneficial effects of small-mol-
ecule drugs over monoclonal antibodies in brain
metastasis, and the cardiovascular safety of an-
ti-HER2-containing regimens. A systematic re-
view can methodically gather the available ev-
idence on the efficacy and safety of this class of
drug for metastatic HER2-positive breast cancer,
and Network Meta-Analysis (NMA) can incorpo-
rate both direct and indirect information to syn-
thesize evidence to answer the above questions. In
this study, we performed a systematic review and
NMA of Randomized Clinical Trials (RCT) to ex-
amine the clinical efficacy and safety of different
small-molecule HER2-targeting TKI-containing
regimens in women with metastatic HER2-pos-
itive breast cancer.

Methods
Protocol,Registration, and Report

The protocol for this systematic review was reg-
istered in the international Prospective Register
of Systematic Reviews (PROSPERO) database at
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the inception of the review project. The registra-
tion identification number is CRD42019131970.
A table enlisting the amendments made, the stage
of the review in which the amendment happened,
and the rationale for that is available in supple-
mentary material 1(Table S1). This report is
compliant with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRIS-
MA) extension statement for reporting systemat-
ic reviews with NMA (19).

Eligibility Criteria

The full description of trial eligibility criteria
for inclusion in this systematic review is available
in supplementary material 1(Table S2). A brief
review of eligibility criteria is below.

Types of Studies

RCTs were considered for inclusion in this sys-
tematic review. We did not limit potential studies
according to the length of follow-up, the date of
publication, publication status, and language.

Types of Participants

The population of interest was women with
primary breast cancer who had distant metasta-
sis and ErbB2/HER2-positive tumors. The age,
race or ethnicity, menopausal status, hormone
receptor status, and whether the current disease
is a new diagnosis or a recurrence were not con-
sidered to affect studies in the systematic review.
If a study entered both metastatic and locally ad-
vanced breast cancer patients, it was included in
the review if, first, required data was available for
metastatic patients separately and the total num-
bers of allocated metastatic patients to each inter-
vention and comparison group were at least ten.
If outcome data was not available separately for
metastatic patients, but patients with metastat-
ic disease constituted at least 80 percent of each
intervention and comparison arms, the reported
outcome for the entire population was used for
the purpose of this review.

Types of Interventions

At least one arm of an RCT must have con-
tained a small-molecule HER-2 targeting TKI,
and at least another arm of the trial must have
contained a systemic anti-cancer therapy or best
supportive care or placebo with best supportive

care in order to be deemed eligible for inclusion
in the review.

Types of Outcome Measures

The list of outcomes of interest in this system-
atic review and their definitions can be found in
the supplementary material 1(Table S$3). Prima-
ry outcomes were Overall Survival (OS) and Pro-
gression-Free Survival (PFS). The secondary out-
comes were Overall Response (OR), Recurrence
in Central Nervous System (RCNS), all grades
and grades 3-4 Adverse Events (AE), all grades
and grades 3-4 diarrheal AEs, all grades and
grades 3-4 Left Ventricular Systolic Dysfunction
(LVSD), and all grades and grades 3-4 Ejection
Fraction Decrease (EFD).

Information Sources and Search

MEDLINE via PubMed, Cochrane Central
Register of Controlled Trials (CENTRAL), Em-
base, Web of Science Core Collection, and Scopus
were systematically searched from the date of da-
tabase inception to 27 May 2020. We scrutinized
the reference list of included articles to identify
other eligible studies. Duplicate records were re-
duced using EndNote X7 reference management
software by title, year, and author filters, as well as
manual de-duplicating. The search strategies were
designed by APK and reviewed by NR and MM.
We designed our search strategy in MEDLINE,
CENTRAL, and Embase databases using a com-
bination of free-texts and Medical Subject Head-
ings. We used search filters in all databases except
for CENTRAL to identify RCT. The full search
strategies for all electronic databases are present-
ed in the supplementary material 1(Text S1).

Study Selection

Two reviewers (APK and FD) independently
screened the titles and abstracts of the records.
Then, the available full-texts of all the selected
articles by both reviewers in the screening phase
were evaluated by two reviewers (APK and FD)
independently in order to find the studies that met
the predetermined standardized criteria based on
the characteristics of participants, interventions,
comparisons, outcomes, and study design. If two
reviewers had disagreed about the inclusion of a
study, the final decision about inclusion would
have been made by a third reviewer (MKF) after
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discussing it with both reviewers.

Data Collection Process and Data Items

Supplementary material 1(TextS2) provides
full descriptions of the data collection process
and data items.

Geometry of the Network

Both qualitative and quantitative approach-
es were utilized to describe network geometry
properly. A network graph was drawn for each
outcome of interest to visualize direct pairwise
and indirect relations between available inter-
ventions. The nodes in the graph represent all
systemic treatment regimens that were allocated
to participants in each arm of eligible trials. The
edges represent the availability of direct pairwise
comparisons between the connected nodes in the
included trials. The nodes were displayed as cir-
cles; the circle's diameter was weighted according
to the number of available study arms that re-
ceived the regimen as the allocated intervention.
The edges were displayed as straight lines; the line
thickness was weighted according to the number
of direct comparisons between two nodes in the
included studies. If the primary network of an
outcome contained disconnected components,
the networks with at least one common compar-
ator were scrutinized from the primary network
and illustrated with separate network graphs.
Network graphs were prepared by Stata MP soft-
ware (version 14) using the network graphs pack-
age (20). The following parameters were reported
for a quantitative description of network geome-
try. These metrics have been shown to allow ac-
curate reproduction of networks (21): the num-
ber of nodes, the number of edges, the number of
studies per edge, density (the number of
availableedges divided by the number of
possible edges), the percentage of common
comparators (the number of nodes that are
common comparators divided by the number of
nodes), the percentage of strong edges (the
number of edges with more than one study per
edge divided by the number of edges), and the
median and interquartile ranges of edge
thickness (the median and interquartile ranges
of the number of studies per edge). Addi-
tionally, the total number of studies contributing
to a network, the total number of participants in
the entire network, and each node of the network

were reported.

Assessment of Risk of Bias within Individual
Studies

To evaluate the internal validity of each included
study, two reviewers (APK and FD) evaluated the
risk of bias using the "revised Cochrane risk-of-
bias tool for randomized trials (RoB2)" (22). The
risk of bias was assessed separately at the outcome
level for OS, PFS, AE, and diarrheal AE outcomes.
A full description of the risk of bias assessment
process is available in supplementary material 1
(Text S3).

Summary Measures

For pairwise comparisons, we computed HR
with 95% CI for time-to-event outcomes and Rel-
ative Risk (RR) with 95% CI for binary outcomes
as summary measures of the association between
the regimen and the outcome. For the purpose
of relative ranking of the available regimens in
terms of the desired outcomes, the probability of
being the first best treatment, the probability of
being the second best treatment, the probability
of being the third best treatment, and so on, mean
rank and Surface under the Cumulative Ranking
Curve (SUCRA) were estimated. SUCRA is the
surface area under the curve of the cumulative
distribution function of ranking probabilities
(23).

Assessment of Inconsistency

The transitivity assumption was examined by
perusing the distribution of possible effect mod-
ifiers in the studies contributing to a network.
The effect modifiers evaluated were the age of the
participants, the percentage of hormone recep-
tor-positive patients, the percentage of patients
who received trial treatment in the first-line set-
ting, and the percentage of patients with CNS
metastasis. If the transitivity assumption was met,
consistency was tested. Consistency was statisti-
cally tested in each network using two approach-
es, including design-by-treatment interaction to
test global inconsistency (24, 25) and node-split-
ting model to test the local inconsistency in the
closed loops in the networks (26). A test of signif-
icance was performed for the difference between
treatment effects obtained from direct and indi-
rect evidence for every pairwise comparison in a
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network. P-values < 0.1 were considered signif-
icant to reject the hypothesis of the consistency
between treatment effects obtained from direct
and indirect evidence. Due to the low power of
the aforementioned methods to identify inconsis-
tency, evidence of inconsistency in either method
was considered sufficient to violate the transitiv-
ity assumption (27). If inconsistency was detect-
ed, network meta-regression incorporating effect
modifiers as covariates to the NMA model was
planned to be performed to assess the interaction
between potential effect modifiers with treatment
effect if a sufficient number of studies were avail-
able (28).

Planned Method of Analysis

If transitivity and consistency assumptions
were met, NMA in a frequentist statistical frame-
work using a random-treatment effect multivari-
ate meta-analysis model was performed for each
connected network of interventions (29, 30). The
probabilities that a treatment was the first best,
the second best, and so on were estimated. The
mean rank is the average ranking for each treat-
ment. SUCRA is the area under the curve of cu-
mulative probabilities over rank (31). Multi-arm
trials were included in NMA and were considered
independent pairwise comparisons for analysis.
All statistical analyses were performed using Stata
MP software (version 14) and the network meta
package (30).

The intervention effects of all pairwise compar-
isons within a network were illustrated in a league
table. In each network, the treatment effect of in-
dividual studies (point estimate and 95% CI), the
pooled treatment effect grouped by design (point
estimate and 95% CI), and the pooled overall
treatment effect (point estimate and 95% CI) were
showed for comparisons with available direct ev-
idence in a network forest plot. The cumulative
ranking plots of each treatment in networks were
generated. A cumulative ranking plot is a line plot
that displays rank on the horizontal axis and cu-
mulative ranking probability on the vertical axis.
Plots were drawn by Stata MP software (version
14) using the network graphs package (20).

Additional Analyses
Pre-planned subgroup analyses of primary out-
comes stratified by the line of treatment for meta-

static disease (first-line vs. subsequent lines) were
performed.

Risk of Bias Across Studies

Non-reporting bias was evaluated by compar-
ing the reported outcomes in the article with the
pre-planned outcomes at the protocol stage, if
available. If an outcome of interest had not been
reported, the study's corresponding author would
have been contacted and asked if the outcome had
been measured in the trial. If selective non-re-
porting of outcomes was suspected, the readers of
the review would be notified.

Results
Study Selection

Out of 14834 retrieved records, 23 studies (68
associated citations) finally met inclusion criteria
and were considered eligible for qualitative syn-
thesis (Figure 1). The reasons for the exclusion of
some notable studies can be found in supplemen-
tary material 1(Table S4) (Bischoff 2019 (15),
Burstein 2014 (32), Gomez 2008 (33), Gomez
2016 (34), Lin 2011 (35), and Rixe 2009 (36)).

Summary of Network Geometry

Figure 2 is the network graph of the included
studies. In all, 23 studies comprising 27 treatment
regimens and 7497 eligible patients were includ-
ed. All included studies had two parallel arms
except for two (Cortes, 2015 (37) and Gradishar
2018 (38)) that were three-arm trials. The nodes
in the order of abundance were tabulated in sup-
plementary material 1(Table S5). These studies
contributed to five connected components.

Study Characteristics

The detailed characteristics of included studies
are tabulated in supplementary material 1(Table
S6 and Table S7). A summary of study character-
istics is available in Table 1. With the exception of
Haluska 2014 (39), all other trials were funded by
a pharmaceutical company. The number of cen-
ters in which the trial was conducted was unclear
for Haluska 2014 (39) Study. All other studies
were multi-center clinical trials. We judged that
information regarding the duration of follow-up
was inadequately reported in six studies (Gradis-
har, 2018 (38), Haluska 2014 (39), Johnston 2013
(40), Lee 2017 (41), Saura 2019 (42), and Sim,
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2019(43)). The range of reported median duration
of follow-up was between 14 and 44.6 months.
The precise description of the participant char-
acteristics is shown insupplementary material 1
(Table S8), and a summary is provided in Table 2.
Overall, six different types of small-molecule
HER?2-targeting TKIs were used either as mono-
therapy or in combination with other systemic
therapies (Lapatinib: 18 studies, 23 arms, and
3115 eligible patients; Neratinib: 3 studies, three
arms, and 666 eligible patients; Afatinib: 2 studies,
three arms, and 417 eligible patients; Pyrotinib: 2
studies, two arms, and 250 eligible patients; Tuca-
tinib: 1 study, one arm, and 410 eligible patients;
and Varlitinib: 1 study, one arm, and 24 eligible
patients). In five studies (5 arms and 650 eligible
patients), a placebo combined with other agents
was used as a control treatment. The adminis-
tered dose of Lapatinib was not reported in one
study (Haluska, 2014 (39)). Three different doses
of Lapatinib were used in other included studies
(1000 mg once daily: 4 studies, 4 out of 23 arms,
398 eligible patients; 1250 mg once daily: 10 stud-
ies, 11 out of 23 arms, 1957 eligible patients; and
1500 mg once daily: 6 studies, 6 out of 23 arms, 696
patients). The planned doses of other small-mol-
ecule HER2-targeting TKIs were identical across
studies (Neratinib: 240 mg once daily; Afatinib:
40 mg once daily; Pyrotinib: 400 mg once daily;
Tucatinib: 300 mg twice daily; and Varlitinib: 400
mg twice daily). A table that presents the reported
outcomes of interest in each study is available in
supplementary material 1(Table S9).

Risk of Bias within Studies

Traffic light graphs and bar plots representing
inferred domain-specific and overall risk of bias
for four study outcomes (OS, PES, AE, diarrheal
AE) and the reasons for rating down are provid-
ed as supplementary material 2(Figure S1-6and
Table S1). To summarize, the overall risk of bias
was assessed to be low in 71.4%, 86.3%, 50%, and
82.3%, have some concerns in 19%, 9%, 25%, and
17.6%, be high in 9.5%, 4.5%, 25%, and 0% for
OS, PES, AE, and diarrheal AE respectively.

Results of Individual Studies
The reported results in terms of desired out-

comes are tabulated in supplementary material 1
(Table S10-20).

Synthesis of Results, Exploration for Inconsis-
tency, and Risk of Bias Across Studies
(O]

Twenty-one studies (7168 patients) contributed
to five connected networks. The global network
graph of all studies that reported OS outcomes,
network graphs of each connected component,
and a table that describes each connected com-
ponent's geometric characteristics are available
in supplementary material 2(Figure S9-14 and
Table S2).

The main network of interventions (sup-
plementary material 2,Figure S10) consisted
of 11 studies (3918 patients). Small-molecule
HER2-targeting TKI-containing regimens in
this connected component were Lapatinib and
Capecitabine combination (9 studies, 1549 pa-
tients), Lapatinib and Vinorelbine combination (2
studies, 150 patients), Neratinib and Capecitabine
combination (1 study, 307 patients), Pyrotinib and
Capecitabine combination (1 study, 65 patients),
Lapatinib, Capecitabine, and Cixutumumab com-
bination (1 study, 45 patients), Tucatinib, Trastu-
zumab, and Capecitabine combination (1 study,
410 patients), and Neratinib monotherapy (1
study, 117 patients). All contributing trials en-
rolled patients who had received at least one line
of treatment in a metastatic setting except for Jan-
ni 2015 (44) and Pivot 2015 (45), which recruited
both previously treated and naive to treatment
patients. Nearly half of the participants in Murthy
2019 (16) study (48.2% in Tucatinib, Trastuzum-
ab, and Capecitabine combination, 46% in Place-
bo, Trastuzumab, and Capecitabine combination)
had CNS metastasis at baseline. The prevalence of
baseline CNS metastasis in this trial was higher
than in other trials. However, this may be related
to active screening of brain metastasis by brain
Magnetic Resonance Imaging (MRI) in patients
without neurological symptoms at the start of the
trial. There are no other substantial differences
between distributions of possible effect modifiers
across studies. No evidence of statistical inconsis-
tency and publication bias was detected. Table 3
shows the pooled estimates of all pairwise com-
parisons. A forest plot is also provided in sup-
plementary material 1(Figure S1). According to
the pooled network effect estimates, there were
no significant differences between interventions
in terms of OS. A table that presents the relative
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ranking of treatment and cumulative rank plots is
available in supplementary material 1(Table S21
and Figure S2). Pyrotinib and Capecitabine com-
bination was the best small-molecule HER2-tar-
geting TKI-containing regimen in terms of their
effect on OS.

To the second connected network (supplemen-
tary material 2,Figure S11), four studies (1642
patients) contributed. Small-molecule HER2-tar-
geting TKI-containing regimens in this connect-
ed component were Lapatinib and Taxane com-
bination (3 studies, 591 patients) and Neratinib
and Taxane combination (1 study, 242 patients).
The distributions of effect modifiers were similar
across studies. The design-by-treatment interac-
tion model suggested the presence of global sta-
tistical inconsistency (p-value = 0.0005). There-
fore, we withdrew to perform NMA, and due to
a small number of studies, investigating inconsis-
tency by meta-regression was not possible.

The third connected network (supplementary
material 2,Figure S12) was made up of two stud-
ies (405 patients). Small-molecule HER2-target-
ing TKI-containing regimens in this connected
component were Lapatinib monotherapy (2 stud-
ies, 202 patients), Lapatinib and Trastuzumab
combination (1 study, 148 patients), and Lapati-
nib and Pazopanib combination (1 study, 55 pa-
tients). Blackwell 2010 (44) enrolled previously
treated patients while participants in Johnston
2013 (40) Had not received treatment in the met-
astatic setting. There are no other differences in
reported effect modifiers. No evidence of statis-
tical inconsistency was detected. The net league
table, which presents network estimates of pair-
wise comparisons, forest plots, SUCRA table, and
cumulative rank plots, is available in supplemen-
tary material 1 (Table S22-23 and Figure S3-
4). According to the pooled network effect esti-
mates, Lapatinib and Trastuzumab combination
improved OS over Lapatinib monotherapy (HR:
0.74, 95% CI: 0.60-0.92). Also, the efficacy of the
Lapatinib and Trastuzumab combination in pro-
longing OS ranked first among the above options
based on SUCRA values.

The fourth connected network (supplementa-
ry material 2,Figure S13) was composed of two
studies (629 patients). Small-molecule HER2-tar-
geting TKI-containing regimens in this connect-
ed component were Afatinib and Vinorelbine

combination (2 studies, 377 patients) and Afati-
nib monotherapy (1 study, 40 patients). All the
patients in the Cortes 2015 (37) study had brain
metastasis at the baseline, whereas 11.8% of the
Harbeck 2016 (47) study participants had a met-
astatic brain disease. Only previously treated pa-
tients were enrolled in the Cortes 2015 (37) study,
while more than 40% of participants in the Har-
beck 2016 (47) study were treated in a first-line
setting. No evidence of statistical inconsistency
was detected. The net league table, forest plot, SU-
CRA table, and cumulative ranking plots are pro-
vided as supplementary material 1(Table S24-25
and Figure S$5-6). According to the pooled net-
work effect estimates, none of the interventions in
this network had an OS advantage over the other
treatment options.

The fifth connected network (supplementary
material 2, Figure S14) was formed by two studies
(574 patients). Small-molecule HER2-targeting
TKI-containing regimens in this connected com-
ponent were Lapatinib and AI combination (2
studies, 229 patients) and Lapatinib, Trastuzum-
ab, and Al combination (1 study, 120 patients).
All the participants of Johnston's 2009 (45) the
study was naive to treatment. On the contrary,
the population enrolled in Gradishar 2018 (38)
study was a mixture of naive to treatment and
previously treated patients. The distributions of
other effect modifiers were similar in all arms of
trials. No evidence of statistical inconsistency was
detected. The net league table, forest plot, SUCRA
table, and cumulative ranking plots are provid-
ed as supplementary material 1(Table S26-27
and Figure S7-8). According to the pooled net-
work effect estimates, no significant differences
between interventions were present. Lapatinib,
Trastuzumab, and AI combination were the best
small-molecule HER2-targeting TKI-containing
regimens in terms of their effect on OS.

A pre-planned stratified analysis by the line of
treatment for metastatic disease subgroups (first-
line and subsequent lines) was performed. Net-
work graphs, tables of network geometry (sup-
plementary material 2,Figure S15-19 and Table
$3-4), net league tables, network forest plots,
SUCRA tables, and cumulative rank plots (sup-
plementary material 1,Figure $9-12 and Table
$28-31) are available in supplementary materi
als. One connected network of interventions for
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the first-line setting existed (supplementary ma-
terial 2, Figure S16) and consisted of 4 studies
(1642 patients). Small-molecule HER2-targeting
TKI-containing regimens in this connected com-
ponent were Lapatinib and Taxane combination
(3 studies, 591 patients) and Neratinib and Tax-
ane combination (1 study, 242 patients).

Globalstatistical inconsistency was noted (p-
value =0.0005), and NMA was not performed.
Among naive treatment patients in Harbeck
2016 (47) studies, the Afatinib and Vinorelbine
combina- tion (136 patients) was inferior to the
Trastuzum- ab and Vinorelbine combination

(70 patients) (HR= 1.57, 95% CI: 1.03-2.38).
Lapatinib and Capecitabine combination (117

patients) result- ed in shorter PFS (HR: 1.89,
95% CI: 1.07-3.35) than Trastuzumab and

Capecitabine combina- tion (121 patients)
among patients who had not received therapy
in metastatic setting in Pivot 2015 (46) study.
Collectively, 11 studies (3770 patients) formed
two connected networks of in- terventions
investigated for previously treated pa- tients. The
first  connected network (supplementary

material 2, Figure S18) consisted of 9 studies
(3355 patients). Small-molecule HER2-targeting
TKI-containing regimens in this connected com-
ponent were Lapatinib and Capecitabine com-
bination (8 studies, 1358 patients), Neratinib
and Capecitabine combination (1 study, 307 pa-
tients), Pyrotinib and Capecitabine combination
(1 study, 65 patients), Lapatinib, Capecitabine,
and Cixutumumab combination (1 study, 45 pa-
tients), Tucatinib, Trastuzumab, and Capecitabine
combination (1 study, 410 patients), and Nerati-
nib monotherapy (1 study, 117 patients). NMA
revealed no significant differences between the
efficacies of interventions in altering OS. Pyro-
tinib and Capecitabine combination was the best
small-molecule HER2-targeting TKI-containing
regimen in terms of their effect on OS in this net-
work. The second connected network (supple-
mentary material 2, Figure S19) contained two
studies (415 patients). Small-molecule HER2-tar-
geting TKI-containing regimens in this network
were Afatinib and Vinorelbine combination (2
studies, 234 patients) and Afatinib monotherapy
(1 study, 40 patients). The results of NMA were in
concert with the original analysis. Overall, strati-
fied analysis by the line of treatment showed con-
sistent results with the primary analysis.

PFS

Twenty-two studies (7447 patients) contrib-
uted to five connected networks. The global net-
work graph, network graphs of each connected
network, and a table that describes each connect-
ed network's geometric characteristics are avail-
able in supplementary material 2(Figure $20-25
and Table S5).

The largest network of interventions (supple-
mentary material 2,Figure S21) was made up
of 12 studies (4197 patients). The small-mole-
cule HER2-targeting TKI-containing regimens
in this connected component were Lapatinib and
Capecitabine combination (9 studies, 1549 pa-
tients), Lapatinib and Vinorelbine combination
(2 studies, 150 patients), Neratinib and Capecit-
abine combination (1 study, 307 patients), Py-
rotinib and Capecitabine combination (2 study,
250 patients), Lapatinib, Capecitabine, and Cix-
utumumab combination (1 study, 45 patients),
Tucatinib, Trastuzumab, and Capecitabine com-
bination (1 study, 410 patients), and Neratinib
monotherapy (1 study, 117 patients). Janni 2015
(47), Jiang 2019 (48), and Pivot (46) 2015 studies
included both naive to treatment and previously
treated patients. Only patients who had received
prior treatments in metastatic settings participat-
ed in other studies. Other transitivity assumption
issues were similar to the corresponding ones in
the OS network. There was no significant statis-
tical inconsistency or publication bias. Table 4
represents the pooled estimates of all pairwise
comparisons. A forest plot is provided in sup-
plementary material 1(Figure S13). According
to the pooled network effect estimates, Pyro-
tinib and Capecitabine combination was more
efficacious than all other interventions except for
T-DM1. Tucatinib, Trastuzumab, and Capecit-
abine combination improved PES over Lapatinib
and Capecitabine combination (HR: 0.52, 95%
CI: 0.35-0.78), Neratinib monotherapy (HR: 0.44,
95% CI: 0.24-0.79), Trastuzumab and Capecit-
abine combination (HR: 0.54, 95% CI: 0.41-0.72),
and Capecitabine monotherapy (HR: 0.28, 95%
CI: 0.17-0.44). The addition of Lapatinib or Ne-
ratinib to Capecitabine chemotherapy resulted in
longer PFS than Capecitabine alone therapy (HR:
0.53, 95% CI: 0.41-0.67 and HR: 0.40, 95% CI:
0.27-0.58 respectively). T-DM1 was superior in
improving PFS than Lapatinib and Capecitabine
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combination (HR: 0.65, 95% CI: 0.50-0.85) and
Neratinib monotherapy (HR: 0.55, 95% CI: 0.33-
0.91). Pyrotinib and Capecitabine combination,
Tucatinib, Trastuzumab, and Capecitabine com-
bination, and Neratinib and Capecitabine com-
bination achieved the first, the second, and the
third highest SUCRA values among small-mol-
ecule HER2-targeting TKI-containing regimens
respectively (Table S32 and Figure S14 in sup-
plementary material 1). The structures of other
connected networks of interventions that report-
ed PFS were the same as their analogous OS net-
works. Due to the presence of global statistical
inconsistency, NMA was not performed for the
second (p-value = 0.0000) and the fifth (p-value
=0.0000) connected components. NMA was con-
ducted to pool the evidence from the other two
networks. Lapatinib and Trastuzumab combina-
tion improved PFS over Lapatinib monotherapy
(HR: 0.74, 95% CI: 0.61-0.90). No other pairwise
comparisons showed significant differences be-
tween the efficacies of interventions in altering
PFS. Netleague tables, forest plots, SUCRA val-
ues tables, and cumulative rank plots are present
in supplementary material 1(Table $33-36 and
Figure S15-18). A pre-planned subgroup analy-
sis by the line of treatment for metastatic disease
(first-line and subsequent lines of treatment) was
performed. Network graphs, tables of network
geometry (supplementary material 2,Figure $26-
30 and Table S6-7), net league tables, network
forest plots, SUCRA tables, and cumulative rank
plots (supplementary material 1,Table S37-40
and Figure S19-22) are available as supplementa-
ry material. One connected network of interven-
tions for the first-line (supplementary material 2,
Figure S27) setting existed and consisted of four
studies (1642 patients). This network was statis-
tically inconsistent (p-value = 0.0000) and NMA
was not performed. In the subgroups of patients
who received their first line of treatment in the
metastatic setting, the addition of Pyrotinib to
Capecitabine chemotherapy (68 patients) signifi-
cantly improved PFS compared to Capecitabine
alone (27 patients) (HR: 0.15, 95% CI: 0.08-0.28)
in Jiang 2019 (48) study. In the similar subgroup
of patients in Pivot 2015 (46) study, Lapatinib
combination with Capecitabine (117 patients)
appeared less effective than Trastuzumab and
Capecitabine combination (121 patients) (HR:

1.61, 95% CI: 1.13-2.29). Afatinib and Vinorel-
bine combination (136 patients) showed similar
efficacy on PFS (HR: 1.1, 95% CI: 0.75-1.6) to
Trastuzumab and Vinorelbine combination (70
patients) in patients who were naive to treatment
in Harbeck 2016 (49) study. For the subgroup
of trials that reported PES in patients who were
previously treated, there were two connected
components whose structures were identical to
networks formerly described for subgroup anal-
ysis of OS outcome. According to the pooled net-
work effect estimates, Pyrotinib and Capecitabine
combination prolonged PFS more than all other
interventions in its network except for T-DM1.
The combination of Tucatinib, Trastuzumab, and
Capecitabine had superior efficacy in terms of
PES than the Lapatinib and Capecitabine combi-
nation (HR: 0.57, 95% CI: 0.37-0.89) and Nerati-
nib monotherapy (HR: 0.48, 95% CI: 0.26-0.90).
The pooled estimates of other pairwise compari-
sons, as well as treatment ranking, were, to a great
extent, in line with the primary analysis. In Jiang
2019 (48) study, participants who had received
one line and two lines of treatment for metastatic
disease prior to trial enrollment achieved longer
PES with Pyrotinib and Capecitabine combina-
tion compared to Capecitabine monotherapy
(HR: 0.19, 95% CI: 0.12-0.33, and HR: 0.18, 95%
CI: 0.09-0.36, respectively).

AE

Fourteen studies (4147 patients) contributed
to four connected networks. The global network
graph, network graphs of each connected compo-
nent, and a table that describes each connected
component's geometric properties are available
in supplementary material 2(Figure S31-35and
Table S8).

The first connected network (supplementary
material 2, Figure S$32) was comprised of eight
studies (2506 patients). The small-molecule
HER2-targeting TKI-containing regimens in
this connected component were Lapatinib and
Capecitabine combination (7 studies, 935 pa-
tients), Lapatinib and Vinorelbine combination
(1 study, 75 patients), Neratinib and Capecitabine
combination (1 study, 303 patients), Pyrotinib and
Capecitabine combination (1 study, 65 patients),
Varlitinib and Capecitabine combination (1 study,
24 patients), Lapatinib, Capecitabine, and Cixu-
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tumumab combination (1 study, 45 patients), and
Tucatinib, Trastuzumab, and Capecitabine com-
bination (1 study, 404 patients). According to the
pooled network effect estimates, Tucatinib, Tras-
tuzumab, and Capecitabine combination was as-
sociated with higher AE compared to Trastuzum-

Table 1. Summary of Study Characteristics

ab and Capecitabine combination (HR: 4.16, 95%
CI: 1.04-16.66) and Capecitabine monotherapy
(HR: 9.09, 95% CI: 1.4-50) (supplementary ma-
terial 1, Table S41 and Figure S23). The order of
small-molecule HER2-targeting TKI-containing
regimens from lowest to highest AE occurrence

Study characteristics

Number of trials

Phase of Trial

7

yirg

Blinding

Double-blind

Open-label

No. of centers

Multi-center

Unclear

Country

China

Japan

Multiple

South Korea

United States

Trial stopped early

No

Yes, for benefit

Yes, for non-benefit

Yes, for slow-accrual

Unclear

Inclusion criteria-gender

Only women

Both women and men

Inclusion criteria-stage
Locally advanced or metastatic disease
Only metastatic disease

Unclear

Inclusion criteria-HER2 status
Either status

Only HER? positive

Inclusion criteria-HR status
Either status

Only HR-positive

Inclusion criteria-line of treatment
Both the first and subsequent lines
Only first line

Only subsequent lines

Unclear

Exclusion criteria-CNS metastasis
Excluded

Not excluded

Exclusion criteria-lower than NL LVEF
Excluded

Not excluded

NR

Unclear

Dose of Lapatinib

1000 mg daily

1250 mg daily

1500 mg daily

NR

11(47.8%)
12 (52.1%)

5(21.7%)
18 (78.2%)

22 (95.6%)
1 (4.3%)

2 (8.6%)
1 (4.3%)
18 (78.2%)
1(4.3%)
1 (4.3%)

15 (65.2%)
3 (13%)
3 (13%)
1 (4.3%)
1 (4.3%)

16 (69.5%)
7 (30.4%)

8(34.7%)
14 (60.8%)
1 (4.3%)

2 (8.6%)
21(91.3%)

21(91.3%)
2 (8.6%)

5(21.7%)
6 (26%)
11 (47.8%)
1 (4.3%)

7(30.4%)
16 (69.5%)

20 (86.9%)
1(4.3%)
1 (4.3%)
1 (4.3%)

4/23 (17.3%)
11/23 (47.8%)
6/23 (26%)
2/23 (8.6%)

CNS, Central Nervous System; HER, Human Epidermal Growth Factor Receptor; HR, Hormone Receptor; LVEF, Left
Ventricular Ejection Fraction; NL, Normal; NR, Not Reported

http://igj.tums.ac.ir 12

Immunol Genet J, Vol. 8, No. 1, 2025, pp.3-21



Pastaki Khoshbin et al.: Efficacy and Safety of HER2-Targeting TKIs in Metastatic Breast Cancer

Table 2. Summary of Eligible Participant Characteristics

Eligible participant characteristics

SI,l]Il]]lEll"_}7 measure

Number of eligible participants

Min 50
Ist quartile 116.5
Median 279
3rd quartile 493.5
Max 991
Mean 325.9
Mean of age (year) 53.6
HR+ (percent) 58.6%
CNS metastasis+ (percent) 11.7%
First-line (percent) 37.2%

CNS, Central Nervous System; HR, Hormone Receptor; Max, Maximum; Min, Minimum

ranks were Lapatinib and Capecitabine combi-
nation, Varlitinib and Capecitabine combination,
Pyrotinib and Capecitabine combination, Nera-
tinib and Capecitabine combination, Lapatinib,
Capecitabine, and Cixutumumab combination,
Lapatinib and Vinorelbine combination, and Tu-
catinib, Trastuzumab, and Capecitabine combi-
nation (supplementary material 1, Table $42 and
Figure S24).

Two studies (444 patients) contributed to the

second connected component. The small-mole-
cule HER2-targeting TKI-containing regimens in
this connected network were Lapatinib monother-
apy (2 studies, 219 patients), Lapatinib and Tras-
tuzumab combination (1 study, 149 patients), and
Lapatinib and Pazopanib combination (1 study,
76 patients). Two other studies (625 patients)
constituted the third connected component. The
small-molecule HER2-targeting TKI-containing
regimens in this connected component were Af-

Table 3. Netleague Table-Overall Survival (OS)-component 1

0.69

He - ” - ” (0.4, 1.19) ” i B i ”

0.92 0.74
(0.20,4.28) TR ) B } (0.63,0.87) } } . } }

0.93 1.01 0.66
(0.16,5.34)  (0.18,5.56) e - - B - B (0.5, 0.88) B -

0.84 091 0.91 0.96
(0.12,6.08) (0.13,6.37) (0.11,7.50) LTS - (0.52,1.72) ” i B i ”

0.60 0.65 0.65 0.71 c 1.14 i i i i i
(0.13,2.81) (0.15,2.91) (0.12,3.59) (0.10,4.99) (0.92,1.4)

1.34

0.69 0.75 0.74 0.82 .15 LC i 1.13 (0.95, 1.9) 1.01 0.8

(0.23,2.11) (0.26,2.15) (0.19,2.85) (0.16,4.19) (0.40,3.33) (0.93,1.38) 0.58 (0.59,1.69)  (0.53,1.2)
(0.26, 1.31)

0.75 0.81 0.80 0.89 1.24 1.08 - i i 0.93 i
(0.10,5.40)  (0.12,5.66) (0.10,6.66) (0.09,8.91) (0.18,8.72) (0.21,5.54) (0.63,1.38)

0.78 0.85 0.84 0.93 1.30 1.14 1.05 — i i i
(0.17,3.66)  (0.19,3.79) (0.15,4.67) (0.13,6.51) (0.29,5.86) (0.39,3.28) (0.15,7.37)

0.61 0.67 0.66 0.73 1.02 0.89 0.82 0.78 TC i i
(0.15,2.46) (0.18,2.53) (0.23,1.91) (0.12,4.52) (0.27,3.91) (0.39,2.02) (0.13.5.12) (0.20,2.99)

0.70 0.76 0.75 0.83 1.16 1.01 0.93 0.89 1.14 o i
(0.14,3.54)  (0.16,3.68) (0.13,4.48) (0.11,6.19) (0.24,5.68) (0.31,3.28) (0.30,2.90) (0.18,4.35) (0.27,4.78)

0.55 0.60 0.59 0.66 0.92 0.80 0.74 0.70 0.90 0.79 -
(0.11,2.78)  (0.12,2.89) (0.10,3.52) (0.09,4.87) (0.19.4.46) (0.252.57) (0.10.5.51) (0.153.41) (0.22,3.75)  (0.15,4.16)

Hazard ratios (HR) and their corresponding 95% Confidence Intervals (CI) of pooled network estimates of Overall Survival (OS) are presented in
the lower triangle’s cells. The values are related to the comparison of the intervention inside the uppermost cell in the column versus the rightmost
cell in the row. Hazard ratios (HR) and their corresponding 95% Confidence Intervals (CI) of OS reported in individual studies are presented in the
upper triangle’s cells. The values are related to the comparison of the intervention inside the leftmost cell in the row versus the lowermost cell in the
column. Effect estimates are marked in bold when the P-value is less than 0.05.

C, Capecitabine; LC, Lapatinib+Capecitabine; LCCX, Lapatinib+Capecitabine+Cixutumumab; LV, Lapatinib+Vinorelbine; N, Neratinib; NC,
Neratinib+Capecitabine; PC, Pyrotinib+Capecitabine; TC, Trastuzumab-+Capecitabine; TTC, Tucatinib+Trastuzumab+Capecitabine; V,
Vinorelbine
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Table 4. Netleague Table-Progression-Free Survival (PFS)-component 1

0.18 0.36

PC ) ) B (0.13,0.26) (0.23, 0.58) B ) . B .

0.53 0.65
(0.37,0.77) oML ) B ) (0.54, 0.77) B ) . B .

0.67 1.25 0.54
(0.42,1.07) (0.77.2.04) TTIc B ) B B ) (0.42, 0.71) - -

0.36 0.68 0.54 0.96
(0.17,0.76) (0.32,1.43) (0.24,1.21) lHeleax B (0.52,1.72) - B - - -

0.18 0.35 0.28 0.51 = 1.81 ) i i ) i
(0.15,0.23)  (0.24,0.50) (0.17,0.44) (0.24,1.07) (1.35,2.5)

1.3

0.35 0.65 0.52 0.96 1.88 e ) 1.31 (1.04, 1.64) 1.19 0.84

(0.27,0.44) (0.50,0.85) (0.35,0.78) (0.48,1.94) (1.48,2.39) (1.08,1.61) 0.81 (0.74,1.88)  (0.62,1.12)
(0.55,1.21)

0.36 0.67 0.53 0.98 1.93 1.02 = i i 1.16 i
(0.18,0.69) (0.34,1.31) (0.25,1.11) (0.39,2.51) (0.99,3.75) (0.55,1.90) (0.81,1.63)

0.46 0.85 0.68 1.26 2.47 1.31 1.28 o i ) i
(0.31,0.66) (0.57,1.27) (0.41,1.12) (0.59,2.69) (1.70,3.60) (0.98,1.75) (0.65,2.54)

0.36 0.68 0.54 1.00 1.96 1.04 1.02 0.79 o ) i
(0.25,0.52) (0.46,1.00) (0.41,0.72) (0.47,2.13) (1.35,2.85) (0.78,1.38) (0.51,2.01) (0.53,1.19)

0.41 0.77 0.62 1.14 2.24 1.19 1.16 0.91 1.14 . i
(0.24,0.71) (0.45,1.34) (0.33,1.16) (0.492.67) (1.31,3.83) (0.74,1.92) (0.78,1.72) (0.52,1.59) (0.66,2.00)

0.29 0.55 0.44 0.81 1.58 0.84 0.82 0.64 0.81 0.71

(0.18,0.48) (0.33,0.91) (0.24,0.79) (0.35,1.84) (0.96,2.60) (0.55,1.30) (0.39,1.75) (0.38,1.08) (0.48,1.36) (0.37,1.35) N

Hazard ratios (HR) and their corresponding 95% Confidence Intervals (CI) of pooled network estimates of Progression-Free Survival (PFS) are
presented in the lower triangle’s cells. The values are related to the comparison of the intervention inside the uppermost cell in the column versus
the rightmost cell in the row. Hazard ratios (HR) and their corresponding 95% Confidence Intervals (CI) of PFS reported in individual studies
are presented in the upper triangle’s cells. The values are related to the comparison of the intervention inside the leftmost cell in the row versus
the lowermost cell in the column. Effect estimates are marked in bold when the P-value is less than 0.05.

C, Capecitabine; LC, Lapatinib+Capecitabine; LCCX, Lapatinib+Capecitabine+Cixutumumab; LV, Lapatinib+Vinorelbine; N, Neratinib; NC,
Neratinib+Capecitabine; PC, Pyrotinib+Capecitabine; TC, Trastuzumab+Capecitabine; TTC, Tucatinib+Trastuzumab+Capecitabine; V,
Vinorelbine

Figure 1. Flow diagram of study selection process

http://igj.tums.ac.ir 14 Immunol Genet J, Vol. 8, No. 1, 2025, pp.3-21



Pastaki Khoshbin et al.: Efficacy and Safety of HER2-Targeting TKIs in Metastatic Breast Cancer

Al Lapatinib+Al

Lapatinib+Tras

Lapatinib+Pazopanib

Lapatinib
Lapatinib+Trastuzumab+Al

Tras+Al

Lapatinib+Cap

Taxane

Tras+Taxane

MNeratinib+Taxane

Lapatinib+Taxane

Tras+Cap
Tucatinib+Tras+Cap

MNeratinib
Cap

Pyraotinib+Cap

Afatinib

Investigator's choice

Afatinib+Vin

Trastuzumab+Vin

Lapatinib+Cap+Cixu

T-DM1

Neratinib+Cap
Varlitinib+Cap

Lapatinib+Vin Vin

Figure 2. Global network graph of included studies. The nodes are displayed as circles; the diameter of circle is weighted
according to the number of available study arms which received the regimen as the allocated intervention. The edges are
displayed as straight lines; the line thickness is weighted according to the number of direct comparisons between two
nodes in the included studies. Al, Aromatase Inhibitor; Cap, Capecitabine; Cixu, Cixutumumab; Tras, Trastuzumab; Vin,

Vinorelbine.

atinib and Vinorelbine combination (2 studies,
374 patients) and Afatinib monotherapy (1 study,
40 patients). According to the pooled network ef-
fect estimates, the interventions in each connect-
ed component were not significantly different in
terms of AE. The netleague tables, forest plots,
SUCRA-based ranking tables, and cumulative
rank plots are available insupplementary materi
al 1 (Table S43-46 and Figure $25-28).

The remaining connected component was made
up of 2 studies (572 patients). The small-molecule
HER2-targeting TKI-containing regimens in this
connected component were Lapatinib and Al
combination (2 studies, 232 patients) and Lapa-
tinib, Trastuzumab, and AI combination (1 study,
118 patients). Local statistical inconsistency was
present (p-value = 0.004) and we did not perform
NMA.

Other Outcomes

Synthesis, exploration for inconsistency and
risk of bias across studies for OR (Text S4), RCNS
(Text S5), G34AE (Text S6), AED (Text S7),

G34AED (Text S8), LVSD/G34LVSD (Text S9),
and EFD/G34EFD (Text S10) outcomes are re-

ported in supplementary material 1.

To the best of our knowledge, this is the first
systematic review and NMA that simultaneously
compares the efficacy and safety of small-mole-
cule HER2-targeting TKI-containing regimens
for metastatic HER2-positive breast cancer pa-
tients. We synthesized evidence for a range of
clinically relevant outcomes and ranked treat-
ment options to provide guidance for clinical
decision-making. Results of NMA revealed that
the Pyrotinib and Capecitabine combination im-
proved PES in all pairwise comparisons with oth-
er treatment options in its network except T-DM1
and ranked first in improving PFS based on SU-
CRA-based values.

Pooled network evidence was in line with the
direct evidence from Jiang 2019 (48) and Ma
2019 (15). Studies showed the ability of Pyro-
tinib and Capecitabine combination to prolong
PES over Placebo and Capecitabine combination
and Lapatinib and Capecitabine combination, re-
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spectively. In the same network of interventions,
the combination of Tucatinib, Trastuzumab, and
Capecitabine ranked second best in regard to
increasing PFS. The above findings were further
re-confirmed by subgroup analysis stratified by
the line of treatment for metastatic disease. Both
of these regimens have been recently added to
the therapeutic armamentarium of metastatic
HER2-positive breast cancer and the results of
our review substantiated their role in the treat-
ment of metastatic HER2-positive breast cancer
patients. Despite improvement in PFS, none of
the interventions in the network was shown to be
superior over other treatment options in terms of
OS. Similarly, among all individual direct studies,
OS advantage has been only reported for T-DM1
over Lapatinib and Capecitabine combination
(50) and the addition of Tucatinib to Trastuzum-
ab and Capecitabine combination (16).

Although we believe that more research is
needed to fully elucidate this finding, it may be
explained by insufficient power to detect effect
differences by small-sized studies or shared re-
sistance mechanisms between HER2-targeting
medications that preclude the effectiveness of
other HER2-targeting drugs after the failure of
another drug with a similar mechanism of ac-
tion. In the face of improved efficacy, the use of
small-molecule HER2-targeting TKI-containing
regimens was associated with more incident ad-
verse events, especially diarrheal adverse events.
Tucatinib, Trastuzumab, and Capecitabine com-
bination ranked as the intervention with the
highest probability of ranking first and further
for causing AE, and Pyrotinib and Capecitabine
combination ranked first in regard to diarrheal
adverse events. This may signify the necessity for
pharmacological diarrhea preventive measures
when using Pyrotinib and Capecitabine combina-
tion in the clinics. The evidence on the relation of
small-molecule HER2-targeting TKI-containing
regimens and cardiac adverse events was weak
due to a small number of studies that reported the
outcomes of interest and poor connectedness of
the network of interventions.

This review is subjected to some limitations.
Most of the studies were judged to be of low
risk of bias in regard to assessing OS, PFS, and
diarrheal AE outcomes but 50% of studies that
reported AE outcome were judged to be of high

risk of bias or at least having some concerns for
bias. The most common reason for appraising
these studies to be in higher risks of bias was the
lack of blinding in these studies which could in-
troduce measurement bias. Thus, the results of
synthesis for AE outcome should be interpreted
with more cautions. The main objective of our
study was to compare the efficacy and safety of
small-molecule HER2-targeting TKI-containing
regimens with each other in the population of pa-
tients with metastatic HER2-positive breast can-
cer. A more comprehensive systematic review and
NMA is required to incorporate all the possible
competing interventions for this population and
aid confident decision-making regarding the best
intervention for metastatic HER2-positive breast
cancer.

We thoroughly evaluated the similarity of pos-
sible effect modifiers’ distributions across studies
to ensure that transitivity assumptions are met.
We performed subgroup analysis of primary out-
comes stratified by the line of treatment. How-
ever, not all competing interventions in studies
are perfectly jointly randomizable as the partici-
pants in trials had received different prior treat-
ments before they were enrolled. For instance, in
Murthy 2019 (16) study, Tucatinib, Trastuzumab,
and Capecitabine combination outperformed the
combination of Trastuzumab and Capecitabine
in patients who had been already progressed on
Trastuzumab, Pertuzumab, and T-DM1. The tri-
als which investigated the efficacy of Pyrotinib
and Capecitabine combination (Jiang 2019 (48)
and Ma 2019 (15)) had more heterogeneous in-
cluded populations; most of them were previous-
ly treated with Trastuzumab, Taxane, and an An-
thracycline. Another weak point of our work was
the disconnectedness of the available network of
interventions which made comparing all avail-
able treatment options impossible. A particular
issue in this regard was the inability to compare
Capecitabine-based chemotherapy backbone
with Taxane-based chemotherapy backbone used
in combination with small-molecule HER2-tar-
geting TKI.

Again, a future more comprehensive system-
atic review and NMA and new direct trials may
obviate this problem. The networks of interven-
tions for RCNS and cardiac AEs were composed
of small numbers of studies. Inconsistent defini-
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tion of these outcomes in different studies was
one of the reasons for scarcity of evidence about
them but still we could not rule out the possibil-
ity of non-reporting bias. The results of our syn-
thesis are in the main consistent with previously
available systematic reviews and real-world data.
Paracha et al. performed a systematic review
and NMA of HER2-targeting agent-containing
regimens for metastatic HER2-positive breast
cancer patients that had received Trastuzumab
and Taxane. The nodes in their network of in-
terventions included T-DM1, Trastuzumab and
Capecitabine combination, Pertuzumab, Tras-
tuzumab, and Capecitabine combination, Lapa-
tinib and Capecitabine combination, Neratinib
monotherapy, and Capecitabine monotherapy.
Of note, RCTs of Pyrotinib-based and Tucati-
nib-based therapies had not been published to the
data of their review’s search of literature. T-DM1
achieved the highest SUCRA-based ranking for
both OS and PFS outcomes. However, the OS dit-
ferences between T-DM1 and other treatments
were not statistically significant and T-DM1 was
found to significantly prolong PFS only in com-
parison with Capecitabine monotherapy (51). In
other systematic reviews and meta-analyses, the
combination of Lapatinib and chemotherapy or
Lapatinib and endocrine therapy improved OS
and PFS compared with chemotherapy or endo-
crine therapy alone (52, 53).

Cohort studies of metastatic HER2-positive
breast cancer patients in real clinical settings
haveshown acceptable efficacy of Lapatinib
(54-56), Neratinib (57), Pyrotinib (58, 59)-
based treat- ments for this population. Also,
these agents have shown clinical activity in
controlling brain met- astatic disease (58-62).
Observational evidence has suggested the
superior efficacy of the com- bined small-
molecule HER?2-targeting TKIs and
chemotherapy over the single-agent small-mol-
ecule HER2-targeting TKI (54, 57). This finding
is in line with the results of our NMA. The re-
sults of this review may have implications on
thefield’s future research prioritization. T-DM1
is a well-evidenced treatment option for
metastatic HER2-positive breast cancer after
the failure ofTrastuzumab and Taxane (63).

Considering the promising effects of Pyro-
tinib/Capecitabine and Tucatinib/Trastuzumab/
Capecitabine combinations, future RCTs direct-

ly comparing these treatments with T-DM1 in
the second-line setting are warranted. Tucatinib,
Trastuzumab, and Capecitabine showed encour-
aging results in RCT setting. Additionally, ob-
servational studies have shown clinical activity
of Lapatinib, Trastuzumab, and Chemotherapy
combination in metastatic HER2-positive breast
cancer, even in the first line setting (56). Trip-
let-therapy with  Trastuzumab, a small-
moleculeHER2-targeting TKI, and
chemotherapy may be a favorable combination
for being evaluated in the first-line setting in
comparison with the recom- mended regimen
of Trastuzumab/Pertuzumab/  Taxane
combination.

Conclusion

considering general limitations of NMA and
particular issues related to this systematic re-
view, Pyrotinib/Capecitabine and Tucatinib/Tras-
tuzumab/Capecitabine combinations showed
promising superior efficacy in comparisons with
other small-molecule HER2-targeting TKI-con-
taining regimens in metastatic HER2-positive
breast cancer patients.
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