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Abstract

Introduction: Trastuzumab, as the gold standard for HER2-positive BC treatment, was the first-line HER2 targeted
drug. However, some studies reported patients benefited more from lapatinib and lapatinib plus trastuzumab therapy
than standard trastuzumab therapy. This study presents an update of a systematic review and meta-analysis involving
comparison of lapatinib and lapatinib plus trastuzumab therapy versus trastuzumab therapy.

Aim: We determined whether trastuzumab plus lapatinib or lapatinib therapy is not inferior to trastuzumab therapy
in HER2-positive breast cancer patients.

Methods: Relevant trials were searched in CNKI, Wanfang, VIP, Sinomed, PubMed, Embase, and Cochrane CENTRAL
databases from inception until October 25, 2021. Primary outcomes were OS, DFS/EFS, and PFS while secondary
outcomes were pCR (ypT0/is ypNO), pCR (ypT0/is ypNO/+), ORR, DCR, rate of BCS, RFS, cardiac toxicities, and other
toxicities.

Results: Thirteen randomized controlled trials were included in this study. Trastuzumab combined with lapatinib
therapy was found to be superior to standard trastuzumab therapy alone with regard to overall survival, disease-free
survival/event-free survival, pathologic complete response (ypT0/is ypNO), pathologic complete response (ypT0/is
ypNO/+), recurrence-free survival, higher incidences of diarrhea, and rash/skin toxicity. Lapatinib therapy was estab-
lished to be inferior to trastuzumab therapy in overall survival, progression-free survival, disease-free survival/event-
free survival, pathologic complete response (ypT0/is ypNO) and pathologic complete response (ypT0/is ypNO/+),
diarrhea, and rash/skin toxicity and had a low incidence of left ventricular ejection fraction decline.

Conclusions: The efficacy of trastuzumab combined with lapatinib therapy is superior to standard trastuzumab
therapy alone; however, it has more non-cardiac grade IlIl/IV toxicities. Moreover, the efficacy of lapatinib therapy is
inferior to that of standard trastuzumab therapy alone.
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Introduction
TYe Yuan and Xumei Liu are co-first author. Globally, breast cancer (BC) is the most common cancer
and is the leading cause of tumor-associated mortali-
- — — - — ties among women. It accounts for about 30% of female
gsisgtal of Chengdu University of Traditional Chinese Medicine, Chengdu, cancer incidences and 15% of all cancer deaths [1-3].
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Incidence and mortality rates of BC have been consist-
ently increasing, with about 0.5% and 0.7 per 100,000
annual growth, respectively [3, 4]. Moreover, as a hetero-
geneous disease, BC has four major molecular subtypes
divided by gene expressions [5]. Among them, the BC of
human epidermal growth factor receptor 2— (HER2—)
overexpression occurs in about 20-30% of BC and is
associated with poor prognoses [6].

With a length of 185 ku transmembrane glycopro-
tein with tyrosine kinase activities, HER2 is encoded by
proto-oncogenes on chromosome 17q21 and consists of
1255 amino acids [7]. Amplification of the HER2 gene is
one of the most important factors affecting breast can-
cer growth and metastasis. After HER2 gene activation,
tumor cells can be stimulated by inhibiting apoptosis,
promoting their proliferation, increasing their inva-
siveness, and promoting angiogenesis as well as lymph
angiogenesis [8]. Therefore, HER2 is an independent and
powerful prognostic indicator for clinical monitoring of
breast cancer therapy and is also an important target for
tumor-targeted drug selection. Breast cancer patients
with HER2 overexpression are characterized by rapid
disease progression, short remission period of chemo-
therapy, poor effects of endocrine therapy, low disease-
free survival (DFS), and overall survival (OS) rates [9].
Therefore, recently, targeted therapy for HER2 has been
the focus of targeted therapy for breast cancer [10].

Trastuzumab (T), as the gold standard for HER2-
positive BC treatment, was the first-line HER2 targeted
drug to be approved by the Food and Drug Administra-
tion (FDA) and is also the first humanized monoclo-
nal antibody to be approved for HER2-positive BC [11,
12]. Trastuzumab binds HER2’s perimembrane extra-
cellular subdomain IV and exerts antitumor activities
through various mechanisms, including inhibiting signal
transduction and regulating antibody-dependent cell-
mediated cytotoxicity. Moreover, trastuzumab induces
internalization and degradation of the HER2 receptor,
attracting cytotoxic immune cells into the tumor micro-
environment, inhibiting cell growth and proliferation
signaling, and ultimately killing tumor cells [13, 14]. In a
phase III HERA clinical trial involving 5102 HER2-posi-
tive women with early-stage breast cancer, trastuzumab-
treated patients exhibited significantly reduced hazard
ratios for disease-free survival events (HR=0.76) [15].
Although trastuzumab has changed the paradigm for
HER2-positive breast cancer treatment and significantly
improved patients’ prognosis, about 35% of patients have
natural resistance, and about 70% of patients who initially
respond to trastuzumab treatment progress to metastatic
disease and develop resistance within 1 year [12, 16].
Moreover, trastuzumab-associated cardiac toxicity limits
its clinical applications. Therefore, additional treatments

Page 2 of 30

are needed to provide these patients with further clinical
benefits.

Lapatinib (L) is a tyrosine kinase inhibitor (TKI) that
exerts its anti-tumor effects by competing with intracel-
lular ATP to block the HER2 signal, thereby blocking
phosphorylation and downstream changes in molecu-
lar pathways [17]. Because of its different mechanisms
of action with monoclonal antibodies, it may have some
advantages in overcoming drug resistance [18]. In an
Alternative III clinical study, patients treated with lapat-
inib 4+ trastuzumab + aromatase inhibitors (Als) exhib-
ited significantly longer median progression-free survival
(PES) outcomes than patients treated with trastuzumab
+ AI (11 months vs. 5.6 months). Moreover, lapatinib
+ Al-treated patients exhibited longer median PFS than
those treated with trastuzumab + AI (8.3 months vs.
5.6 months) [19]. However, in an ALLTO trial [20], the
efficacy of lapatinib was inferior to that of trastuzumab.
The combination of trastuzumab with lapatinib therapy
has also been reported to be more efficacious, relative to
trastuzumab therapy. The CHER-Lob and TRIO-US B07
proved that trastuzumab plus lapatinib treatment has
a better pathologic complete response (pCR) outcome
[21, 22]. However, ALTTO showed that with regard to
disease-free survival (DFS), there were no marked differ-
ences among trastuzumab plus lapatinib, trastuzumab,
and lapatinib therapy groups, with the combination
group exhibiting a higher toxicity [20]. There, it has not
been conclusively determined whether efficacies of tras-
tuzumab plus lapatinib or lapatinib therapy are not infe-
rior to trastuzumab therapy.

Therefore, we determined whether trastuzumab plus
lapatinib or lapatinib therapy is no-inferiority to trastu-
zumab therapy in HER-positive breast cancer.

Materials and methods

Study design

This study was performed in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines (PRISMA) [23] and registered in
PROSPERO (CRD42021285865).

Search strategy

Two researchers (YY and LXM) searched relevant stud-
ies from PubMed, Embase, the Cochrane library, CNKI,
Wan Fang, and Sinomed databases. The Chinese search
terms were “ruxianai,” “ruxianzhongliu,” “ruai,” “lapatini,’
and “qutuozhudankang” The English search terms are

shown in Table 1.

Inclusion criteria
The inclusion criteria in this study were as follows:
(i) patients with HER2-positive (3+ staining with
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Table 1 PubMed search strategy of lapatinib vs. trastuzumab
therapy for HER2-positive breast cancer

Number Search terms

#1 "neoplasm’[Title/Abstract] OR “carcinoma’[Title/Abstract]
OR “cancer”[Title/Abstract] OR “tumor”[Title/Abstract]

#2 “breast"[Title/Abstract]

#3 “lapatinib”[Title/Abstract] OR “Tykerb'[Title/Abstract]

#4 “trastuzumab’[Title/Abstract] OR "Herceptin”[Title/Abstract]

#5 #1 AND #2 AND #3 AND #4

immunohistochemistry or/and fluorescent in situ
hybridization (FISH) positive) breast cancer based
on clinical, histological, or pathological diagnosis; (ii)
treatment of T, L, or T + L arms with chemotherapy
combined with trastuzumab, lapatinib, or trastuzumab
combined with or followed by lapatinib; (iii) primary
outcomes were OS, DFS/event-free survival (EFS),
and PFS while secondary outcomes were pCR (ypT0/
is ypNO), pCR (ypT0/is ypNO/+), overall response rate
(ORR), disease control rate (DCR), rate of breast-con-
serving surgery (BCS), recurrence-free survival (RES),
cardiac toxicities, and other toxicities; and (iv) rand-
omized controlled trials (RCTs).

Exclusion criteria

The exclusion criteria were as follows: (i) studies with
different chemotherapies among different arms; (ii)
conference abstracts and letters among others; and (iii)
studies without available outcomes.

Data extraction and quality assessment

Two researchers extracted the relevant information
using a predefined data extraction table, containing
literature basic information (trial name, title, author,
registration number, publication year), demographic
information (number of participants in L + T arm, L
arm, and T arm, percentage and number of hormone
receptor-positive and hormone receptor-negative
participants, tumor stage and diagnosis of patients,
inclusion and exclusion criteria), intervention feature
information (duration and dose of chemotherapy and
anti-HER 2 therapy), and methodological elements
(random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, selec-
tive reporting, and other bias). The quality of trials was
assessed by two researchers using the risk of bias tool of
The Cochrane Collaboration [24]. Any disagreements
were resolved by discussions with a third researcher.
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Statistical analysis and evidence quality assessment

We used RevMan 5.3 and Stata 14 for all data analy-
ses. A meta-analysis was performed according to the
anti-HER2 regimen (L + T versus T or L versus T),
respectively. Pooled hazard ratios (HRs) were esti-
mated for survival outcomes, including OS, DFS/EEFS,
RFS, and PFS while risk ratios (RRs) were determined
for dichotomous outcomes, including pCR, ORR, rate
of BCS, cardiac toxicities, and other toxicities with 95%
confidence intervals (Cls) using the inverse variance
or Mantel-Haenszel methods [24]. Heterogeneity was
assessed by the x* test and I* statistics. A fixed-effects
model was used to analyze all effect quantities in this
study.

Subgroup analysis was performed using a random-
effects model based on the following conditions: tumor
stage (I-III or metastatic breast cancer (MBC)), hormone
receptor (HR) status, or treatment type (neoadjuvant,
adjuvant, or palliative treatment). Sensitivity analysis
was performed to identify heterogeneity of main out-
comes using the leave-one-out procedure. In addition,
a sensitivity analysis was performed to ensure if any of
the results were affected by the change of model. After
removing obvious heterogeneity studies, a fixed-effects
model was used to analyze effect quantities. Publication
bias was detected by Egger’s test and considered when p
< 0.05 [25]. GRADE profiler 3.6 was used to assess the
quality of evidence in accordance with five aspects: risk
bias, imprecision, indirectness, publication bias, and
inconsistency. Evidence qualities were evaluated as high
quality, medium quality, low quality, or very low quality.

Results

Study selection and characteristics

A total of 4093 entries were downloaded from Chi-
nese and English databases. After removing duplicate
records and those that were not eligible by reading titles,
abstracts, and full-text articles, 21 studies [21-23, 26—
43], including 13 RCTs, were identified (Fig. 1).

The included studies had been published between 2012
and 2021. Overall, the studies involved 12,024 eligible
participants (T+L: 4817, L: 3570, T: 3637) whose median
follow-up time varied from 21.5 months to 9 years. Ten
RCTs assessed I-III stage breast cancer [21-23, 26-36,
40-43], while 3 RCTs assessed metastatic breast cancer
[37-39]. Nine RCTs, including 7 RCTs with dual HER2
blockade [22, 23, 27-34, 40, 42, 43] and 2 RCTs with
single HER2 blockade [35, 36, 41] assessed the role of
the anti-HER?2 therapy in a neoadjuvant setting [22, 23,
27-36, 40-43], 1 RCT assessed the dual HER2 block-
ade in an adjuvant setting [21, 26], and 3 RCTs assessed
the single HER2 blockade in a palliative setting [37-39].
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Fig. 1 PRISMA diagram of literature searching and screening process

Characteristics of the included studies are shown in
Table 2. More details are shown in Additional file 3:
Table S1.

Quality assessment of the included studies

Two RCTs (CALGB 40601 and WJOG6110B/ELTOP)
did not describe random sequence generation, while 7
RCTs (ALTTO, CALGB 40601, LPT109096, NCIC CTG
MA.31, TRIO-US B07, WJOG6110B/ELTOP, and CER-
EBEL) did not make detailed illustrations of allocation
concealment. Blinding of participants and personnel was
not adopted in any of the RCTs. Two RCTs (NeoALTTO
and GeparQuinto) adopted blinding of outcome assess-
ment. One RCT (LPT109096) did not report on complete
outcome data, while all RCTs were free from reporting
bias and 2 RCTs (ALTTO and CHER-Lob) got unclear
risk of bias of other bias. Details of risk of bias are shown
in Figs. 2 and 3.

Primary outcomes

Overall survival

Eight trials [21, 22, 26, 29, 31, 35, 38, 39] reported data
on OS (calculated from randomization to death from
any cause or last follow-up) for pooling in meta-analysis.
Data from WJOG6110B/ELTOP [37], in which partici-
pants were all previously treated with trastuzumab with
progression, were excluded. Heterogeneity tests of p =
0.46, I’=0, and p=0.22, ’=29%, were tested in OS (T+L
vs. T) and OS (L vs. T). The T+L arm showed significant
improvements in OS, compared to the T arm (HR: 0.84,
95% CI: 0.73-0.97, p=0.02; Fig. 4). The L arm showed a
markedly lower efficacy with regard to OS, compared to
T arm (HR: 1.26, 95% CI: 1.08-1.46, p =0.003; Fig. 4).

Subgroup analysis The L arm showed no statistical
significance in OS of patients with neoadjuvant ther-
apy, compared to T arm (HR: 0.85, 95% CI: 0.60-1.20, p
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Table 2 Main characteristics of the selected studies
Trial Author MF Tumor stage Chemotherapy Anti- HER2+ HR+/— Outcomes
(wks) HER2 patients patients (%)
therapy
ALTTO Alvaro Moreno- 6.9 years [l D1:chemother- T+L 2093 4805 (57)/3576  a,c f,j k
Aspitia 2021 [20] apyx(12-18)  T—L 2091 43)
Martine Piccart- D2:AX(9-12) + L 2100
Gebhart 2016 Taxanex 12 T 2097
[26] "D2B: (Doc +
Carb)x 18
CHER-Lob Valentina 9 years I-IIA fWPx12 + T+L 46 28(61)/18(39)  a,d,fijk
Guarneri 2021 FECx12 L 39 24 (62)/15 (38)
[21] T 36 21 (58)/15 (42)
Valentina
Guarneri 2015
[27]
Valentina
Guarneri 2012
[28]
TRIO-US BO7 Sara A. Hurvitz NR ] *Docx 18 + T+L 58 34(59)/24 (41)  d,jk
2020 [22] Carbx 18 L 36 18 (50)/18 (50)
T 34 20 (59)/14 (41)
CALGB 40601 Aranzazu Fer- 83 months -l *WPx16 T+L 118 70(59)/48 (41)  a,d,efjk
nandez-Martinez "ACx(8-12) L 67 39 (58)/28 (42)
2020[29] T 120 70 (58)/50 (42)
Lisa A. Carey
2016 [30]
NeoALTTO Jens Huober 6.7 years [l fWPx 12 T+L 152 77 (51)/75(49)  a,cdegijk
2019 [31] "FECx9 L 154 80 (52)/74 (48)
Evandro de T 149 75 (50)/74 (50)
Azambuja 2014
[32]
C. Criscitiello
2013 [33]
José Baselga
2012 [34]
GeparQuinto Michael Untch 55 months [l *ECx12 + L 308 171 (56)/137 a,cdefgh,
2018 [35] Docx 12 T 307 (44) ik
Michael Untch 170 (55)/137
2012 [36] (45)
WJOG6110B/ ToshimiTakano  44.6 months MBC Cuntil progres- L 43 27 (63)/16 (37) a,bghjk
ELTOP 2018 [37] sionorintoler- T 43 27 (63)/16 (37)
able toxicity
CEREBEL Xavier Pivot NR MBC CxNR L 271 NR a,b,ghk
2015 [38] T 269 NR
NCIC CTGMA.31 Karen A.Gelmon 21.5 months  MBC Taxanex 24 L 270 NR a,bghjk
2015 [39] T 267 NR
EORTC 10054 H.Bonnefoi 2014 NR IIA-IIIC *Docx9 — T+L 52 25 (48)/26 (50) d,e g hijk
[40] FECx9 L 23 5(65)/8 (35)
T 53 27 (51)/26 (49)
GEI- E Alba 2014 [41] NR (S]] FECx12 — L 51 NR degijk
CAM/2006-14 Docx 12 T 48 NR
NSABP B-41 André Robidoux 1.9 years A=A FACX12 — T+L 174 08 (62)/66 (38) d,e g,ijk
2013 [42] Docx 16 L 174 01(58)/73 (42)
T 181 22 (67)/59 (33)
LPT109096 Frankie Ann Hol-  NR =111 *FECx 124+ T+L 33 0(61)/13(39) d, g,k
mes 2013 [43] WPx 12 L 34 (4W )/20 (59)
T 33 5 (45)/18 (55)

*Adjuvant therapy. “Neoadjuvant therapy. NR Not reported, MBC Metastatic breast cancer, MF Median follow-up, D Design, L Lapatinib, T Trastuzumab, C Capecitabine,
A Anthracycline, FEC Fluorouracil + epirubicin + cyclophosphamide, EC Epirubicin + cyclophosphamide, Doc Docetaxel, Carb Carboplatin, Pal Paclitaxel, wP Weekly
paclitaxel, AC Doxorubicin + cyclophosphamide, wk Week, HR(+) hormone receptor positive, HR(—) Hormone receptor negative, a Overall survival, b Progression-free
survival, ¢ Disease-free survival/event-free survival, d pCR (ypT0/is ypNO), e pCR (ypT0/is ypNO/-+), f recurrence-free survival, g overall response rate, h Disease control
rate, i rate of breast conserving surgery, j cardiac toxicities, k other toxicities
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Fig. 2 Risk of bias graph

=0.36; Fig. 5). The L arm shows no statistical significance
in OS of patients with palliative therapy, compared to T
arm (HR: 1.40, 95% CI: 1.10-1.80, p =0.007; Fig. 5). Sub-
group differences were found (interaction test, p = 0.02).

Progression-free survival

A total of 2 trials [38, 39] provided data on PFS
(defined as time from randomization to disease pro-
gression) for pooling in the meta-analysis. Data from
WJOG6110B/ELTOP [37], in which participants were
previously treated with trastuzumab with progression,
were excluded. The heterogeneity test of p=0.58, I’=0
in PFS (L vs. T) did not reveal heterogeneity. Com-
pared to the T arm, the L arm showed a lower effi-
cacy with regard to PFS (HR: 1.35, 95% CI: 1.11-1.64,
p=0.002; Fig. 6).

Disease-free survival/event-free survival

Four trials [21, 26, 31, 35] involving stage I-III patients
provided data on DFS/EFS (defined as the time from
randomization to recurrence of invasive breast cancer
at local, regional, or distant sites; contralateral invasive
breast cancer; second non-breast malignancy; or death
as a result of any cause, whichever occurred first) for
pooling in the meta-analysis. As reported by CHER-Lob
[22], RFS was defined as the time from randomization
to breast cancer recurrence (loco regional or distant;
contralateral BC excluded) or death from any cause,
whichever occurred first, which is similar to the defini-
tion of DFS/EFS. Therefore, RFS in CHER-Lob [22] was
also included for pooling in the meta-analysis. Hetero-
geneity test of p=0.35, ’=9% in DFS/EFS (T+L vs. T)
revealed low heterogeneity. The T+L arm showed sig-
nificant improvements in DFS/EFS, compared to the T
arm (HR: 0.89, 95% CI: 0.80-0.98, p=0.02; Fig. 7). Het-
erogeneity test of p=0.20, ’=36% in DFS/EFS (L vs. T)
showed low heterogeneity. Compared to the T arm, the

L arm showed a markedly low efficacy with regard to
DES/EFS (HR: 1.22, 95% CI: 1.05-1.41, p =0.008; Fig. 7).

Secondary outcomes

PCR (ypT0/is ypNO)

Nine trials [22, 23, 30, 34, 36, 40—43] with neoadjuvant
therapy provided data on pCR (ypT0/is ypNO) (defined
as the absence of residual invasive tumor in breast and
axillary nodes) for pooling in the meta-analysis. Hetero-
geneity test of p=0.32, ’=14% in pCR (T+L vs. T, ypT0/
is ypNO) revealed a low heterogeneity. The T+L arm
showed significant improvements in pCR (ypT0/is ypNO),
compared to the T arm (RR: 1.27, 95% CI: 1.13-1.43, p
<0.0001; Fig. 8). Heterogeneity test of p=0.24, P=22% in
pCR (L vs. T, ypT0/is ypNO) showed a low heterogene-
ity. The T arm showed significant improvements in pCR
(ypTO0/is ypNO), compared to the L arm (RR: 0.73, 95%
CI: 0.65-0.83, p <0.00001; Fig. 8).

PCR (ypT0/is ypNO/+)

Six trials [29, 34, 36, 40—-42] with neoadjuvant therapy
provided data on pCR (ypTO/is ypNO/+) (defined as
the absence of residual invasive tumor in the breast)
for pooling in the meta-analysis. Heterogeneity test of
p=0.14, ’=45%, in pCR (T+L vs. T, ypT0/is ypNO/+)
showed a low heterogeneity. The T+L arm had signifi-
cant improvements in pCR (ypT0/is ypNO/+), compared
to the T arm (RR: 1.31, 95% CIL: 1.16-1.49, p<0.0001;
Fig. 9). Heterogeneity test of p=0.05, ’=54%, in pCR (L
vs. T, ypT0/is ypNO/+) showed a high heterogeneity. The
T arm showed significant improvements in pCR (ypTO0/
is ypNO/+), compared to the L arm (RR: 0.79, 95% CI:
0.70-0.89, p<0.0001; Fig. 9).

Recurrence-free survival

Two trials [21, 29] provided data on RFS (defined as the
interval from surgery to ipsilateral invasive breast tumor
recurrence, regional recurrence, distant recurrence, or
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Hazard Ratio Hazard Ratio
Study or Subgroup __log[Hazard Ratio] SE_Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.1 08 (T+L vs. T)
ALTTO -0.1508 0.1067 45.4% 0.86[0.70, 1.06] &y
ALTTOa -0.1328 0.107 45.1% 0.88[0.71, 1.08] —
CALGB 40601 -1.0911 0.5251 1.9% 0.34[0.12, 0.94]
CHER-Lob 0 0.6045 1.4% 1.00[0.31, 3.27]
NeoALTTO -0.3263 0.2884 6.2% 0.72[0.41, 1.27] -
Subtotal (95% ClI) 100.0% 0.84[0.73, 0.97] L 4
Heterogeneity: Chi? = 3.60, df =4 (P = 0.46); I>= 0%
Test for overall effect: Z=2.35 (P = 0.02)
1.1.20S (Lvs.T)
ALTTO 0.3111 0.1168 43.5% 1.36[1.09, 1.72] -
CALGB 40601 0.157 0.4286 3.2% 1.17[0.51, 2.71] - 1
CEREBEL 0.2953 0.1768 19.0% 1.34[0.95, 1.90] I
GeparQuinto -0.2758 0.2667 8.3% 0.76[0.45, 1.28] I
NCIC CTG MA.31 0.3834 0.1805 18.2% 1.47[1.03, 2.09] -
NeoALTTO -0.1675 0.2785 7.7% 0.85[0.49, 1.46] -
Subtotal (95% ClI) 100.0% 1.26 [1.08, 1.46] <&
Heterogeneity: Chi? = 7.00, df =5 (P = 0.22); I = 29%
Test for overall effect: Z =2.99 (P = 0.003)

0.2 05 1 2 5
Favours [T+L/L] Favours [T]
Fig. 4 Meta-analysis of OS. ALTTOa: trastuzumab followed by lapatinib group

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE_Weight 1V, Random, 95% CI 1V, Random, 95% Cl
1.3.3 OS (L vs. T, neoadjuvant therapy)
CALGB 40601 0.157 0.4286 16.8% 1.17 [0.51, 2.71] - 1
GeparQuinto -0.2758 0.2667 43.4% 0.76 [0.45, 1.28] —
NeoALTTO -0.1675 0.2785 39.8% 0.85[0.49, 1.46] — &
Subtotal (95% CI) 100.0% 0.85 [0.60, 1.20] .
Heterogeneity: Tau? = 0.00; Chi? = 0.74, df =2 (P = 0.69); I> = 0%
Test for overall effect: Z=0.91 (P = 0.36)
1.3.4 OS (L vs. T, palliative therapy)
CEREBEL 0.2953 0.1768 51.0% 1.34 [0.95, 1.90] T
NCIC CTG MA.31 0.3834 0.1805 49.0% 1.47 [1.03, 2.09] — i
Subtotal (95% Cl) 100.0% 1.40 [1.10, 1.80] g
Heterogeneity: Tau? = 0.00; Chi*=0.12, df =1 (P = 0.73); I = 0%
Test for overall effect: Z = 2.68 (P = 0.007)

0i2 0i5 1 é tl')
) . Favours [T+L/L] Favours [T]
Test for subgroup differences: Chi = 5.31, df =1 (P = 0.02), I = 81.2%
Fig. 5 Subgroup analysis of OS in accordance with therapy setting (L vs.T)

death from any cause, whichever occurred first) for pool-
ing in the meta-analysis. Data from CHER-Lob [22] and
GeparQuinto [35] were not pooled in the meta-analysis
because RFS was defined as the time from randomiza-
tion. Heterogeneity test of p=0.02, P=82%, in RFS (T+L
vs. T) showed a high heterogeneity. The T+L arm showed

significant improvements in RFS, compared to the T arm
(HR: 0.83, 95% CI: 0.72-0.96, p =0.01; Fig. 10). CALGB
40601 (30) did not find significant differences between L
and T arms with regard to RFS (HR: 1.50, 95% CI: 0.82—
2.77, p =0.19; Fig. 10).
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE_Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
211PFS(Lvs.T)
CEREBEL 0.2654 0.1174 70.3%  1.30 [1.04, 1.64] —l—
NCIC CTG MA.31 0.3834 0.1805 29.7% 1.47[1.03, 2.09] =
Subtotal (95% CI) 100.0% 1.35[1.11, 1.64] —~—
Heterogeneity: Chi2 = 0.30, df =1 (P = 0.58); I = 0%
Test for overall effect: Z = 3.05 (P = 0.002)
05 0.7 1 15 2

Fig. 6 Meta-analysis of PFS

Favours [L] Favours [T]

Overall response rate

Eight trials [34, 36-38, 40-43] provided data on ORR
(based on the World Health Organization (WHO) crite-
ria or the Response Evaluation Criteria in Solid Tumors
(RECIST)) for pooling in the meta-analysis. Data from
NCIC CTG MA.31 [39] was not pooled in the meta-anal-
ysis because HER2-positive and HER2-negative patients
were assessed in ORR together. Data from WJOG6110B/
ELTOP [37], in which participants were all previ-
ously treated with trastuzumab with progression, were
excluded. Heterogeneity test of p=0.08, ’=56% in ORR
(T+L vs. T) showed a high heterogeneity. Differences in
ORR between the T and T+L arms were insignificant
(RR: 1.02, 95% CI: 0.96-1.09, p=0.53; Fig. 11). Hetero-
geneity test of p=0.66, ’=0%, in ORR (L vs. T) did not
reveal any heterogeneity. Differences in ORR between T

and L arms were insignificant (RR: 0.98, 95% CI: 0.93—
1.03, p=0.41; Fig. 11).

Disease control rate

Four trials [35, 37, 38, 40] provided data on DCR (based
on the World Health Organization (WHO) criteria or the
Response Evaluation Criteria in Solid Tumors (RECIST))
for pooling in the meta-analysis. Data from NCIC CTG
MA.31 [39] were not pooled in the meta-analysis because
HER2-positive and HER2-negative patients were assessed
in DCR together. Data from WJOG6110B/ELTOP [37],
in which participants were all previously treated with
trastuzumab with progression, were excluded. EORTC
10054 [40] reported that T+L and T arms had compa-
rable DCR rates (Fig. 12). Heterogeneity test of p=0.44,
PP=0%, in DCR (L vs. T) did not reveal any heterogeneity.

Study or Subgroup log[Hazard Ratio] SE Weight

Hazard Ratio

IV, Fixed, 95% CI

Hazard Ratio
1V, Fixed, 95% CI

3.1.1 DFS/EFS (T+L vs. T)

ALTTO -0.1508 0.0767 44.3%
ALTTOa -0.0683 0.0727 49.3%
CHER-Lob 0.821 0.4448  1.3%
NeoALTTO 02107 02242 52%
Subtotal (95% Cl) 100.0%

Heterogeneity: Chi? = 3.31, df = 3 (P = 0.35); I? = 9%
Test for overall effect: Z =2.39 (P = 0.02)

3.1.2 DFS/EFS (L vs. T)

ALTTO 0.2934 0.0892 69.0%
CHER-Lob -0.3653 0.4146 3.2%
GeparQuinto 0.0431 0.1825 16.5%
NeoALTTO -0.0161 0.2195 11.4%
Subtotal (95% CI) 100.0%

Heterogeneity: Chi? = 4.66, df = 3 (P = 0.20); I = 36%
Test for overall effect: Z = 2.64 (P = 0.008)

Fig. 7 Meta-analysis of DFS/EFS. ALTTOa: trastuzumab followed by lapa

0.86 [0.74, 1.00]
0.93[0.81, 1.08]
0.44 [0.18, 1.05]
0.811[0.52, 1.26]
0.89 [0.80, 0.98]

1.34 [1.13, 1.60]
0.69 [0.31, 1.56]
1.04 [0.73, 1.49]
0.98 [0.64, 1.51]
1.22 [1.05, 1.41]
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T+L/L T Risk Ratio Risk Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
4.1.1 pCR (T+L vs. T, ypTO0/is ypNO)
CALGB 40601 60 116 51 117 20.3% 1.19[0.91, 1.56] T
CHER-Lob 19 43 9 36 3.9% 1.77 [0.92, 3.41]
EORTC 10054 27 48 27 52  10.4% 1.08 [0.75, 1.56] -1
LPT109096 18 33 18 33 7.2% 1.00 [0.64, 1.55] - 1
NeoALTTO 68 145 40 145 16.0% 1.70 [1.24, 2.33] -
NSABP B-41 103 171 87 176 34.2% 1.22[1.00, 1.48] —
TRIO-US B07 30 58 16 34 8.1% 1.10[0.71, 1.70] -
Subtotal (95% Cl) 614 593 100.0% 1.27 [1.13, 1.43] <&
Total events 325 248
Heterogeneity: Chi? = 6.98, df = 6 (P = 0.32); 12 = 14%
Test for overall effect: Z = 3.92 (P < 0.0001)
4.1.2 pCR (L vs. T, ypTO/is ypNO)
CALGB 40601 17 62 51 117 9.2% 0.63 [0.40, 0.99] -
CHER-Lob 9 35 9 36 2.3% 1.03 [0.46, 2.29]
EORTC 10054 8 22 27 52 4.2% 0.70[0.38, 1.29]
GEICAM/2006-14 12 51 23 48 6.2% 0.49[0.28, 0.87]
GeparQuinto 93 308 137 307 35.9% 0.68 [0.55, 0.84] —
LPT109096 13 34 18 33 4.8% 0.70[0.41, 1.19] B
NeoALTTO 30 150 40 145 10.6% 0.721[0.48, 1.10] -
NSABP B-41 81 171 87 176 22.4% 0.96 [0.77, 1.19] I
TRIO-US B07 9 36 16 34  43% 0.53[0.27, 1.04]
Subtotal (95% Cl) 869 948 100.0% 0.73 [0.65, 0.83] L 4
Total events 272 408
Heterogeneity: Chiz = 10.31, df = 8 (P = 0.24); 12 = 22%
Test for overall effect: Z = 4.97 (P < 0.00001)
05 07 1 15 2
Favours [T] Favours [T+L/L]
Fig. 8 Meta-analysis of pCR(ypT0/is ypNO)

Differences in DCR between the L and T arms were insig-
nificant (RR: 0.96, 95% CI: 0.90-1.01, p=0.13; Fig. 12).

Rate of breast-conserving surgery

Six trials [27, 33, 36, 40—42] with neoadjuvant therapy
reported data on BCS rates for pooling in the meta-
analysis. Heterogeneity test of p=0.69, ’=0%, in BCS
(T+L vs. T) did not reveal any heterogeneity. Dif-
ferences in BCS rates between T and T+L arms were
not significant (RR: 1.01, 95% CI: 0.88-1.15, p=0.94;
Fig. 13). Heterogeneity test of p=0.32, ’=14%, in BCS
(L vs. T) showed a low heterogeneity. Differences in
BCS rates between the L and T arms were insignificant
(RR: 0.94, 95% CI: 0.86—1.04, p=0.24; Fig. 13).

Cardiac toxicities

Nine trials [23, 26, 27, 30, 34, 36, 37, 40, 42] provided data
on cardiac toxicities (congestive heart failure (CHF) and
decline of left ventricular ejection fraction (LVEF). CHF
was defined as Cardiac dysfunction New York Heart
Association Class, severe CHF, symptomatic CHF, or
confirmed CHF. LVEF decline was defined as reported
by the authors of the included studies because different

thresholds were used. Data from NCIC CTG MA.31
[39] and GEICAM/2006-14 [41] were not pooled in the
meta-analysis because HER2-positive and HER2-nega-
tive patients were assessed together. Heterogeneity test of
p=0.04, ’=65%, in CHF (T+L vs. T) showed high het-
erogeneity. Differences in CHF between the T and T+L
arms were insignificant (RR: 0.95, 95% CI: 0.73-1.23,
p=0.71; Fig. 14). Heterogeneity test of p=0.08, P=52%,
in LVEF decline (T+L vs. T) showed high heterogene-
ity. Differences in LVEF decline between the T+L and
T arms were insignificant (RR: 0.82, 95% CI: 0.67-1.01,
p=0.06; Fig. 14). Heterogeneity test of p=0.12, P=45%,
in CHF (L vs. T) showed a low heterogeneity. Differences
in CHF between the L and T arms were insignificant (RR:
0.89, 95% CI: 0.62—-1.28, p=0.54; Fig. 14). Heterogeneity
test of p=0.55, ’=0% in LVEF decline (L vs. T) showed
no heterogeneity. Compared to the T arm, the L arm
exhibited a lower incidence of LVEF decline (RR: 0.67,
95% CI: 0.50-0.90, p=0.008; Fig. 14).

Other toxicities
Data on grade III/IV toxicities reported in more than half
of the trials were obtained [44]. Eleven trials [23, 26, 28,
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T+L/L T
Study or Subgroup _Events Total Events Total Weight
5.1.1 pCR (T+L vs. T, ypT0/is ypNO/+)
CALGB 40601 67 118 54 120 24.9%
EORTC 10054 29 48 27 52 12.0%
NeoALTTO 78 152 44 149 20.6%
NSABP B-41 106 171 93 177 42.5%
Subtotal (95% CI) 489 498 100.0%
Total events 280 218
Heterogeneity: Chiz = 5.41, df =3 (P = 0.14); I> = 45%
Test for overall effect: Z = 4.28 (P < 0.0001)
5.1.2 pCR (L vs. T, ypT0/is ypNO/+)
CALGB 40601 20 67 54 120 10.5%
EORTC 10054 10 22 27 52 4.3%
GEICAM/2006-14 13 51 25 48 7.0%
GeparQuinto 110 308 153 307 41.4%
NeoALTTO 38 154 44 149 121%
NSABP B-41 91 171 93 177 24.7%
Subtotal (95% CI) 773 853 100.0%

Total events 282 396
Heterogeneity: Chi? = 10.98, df = 5 (P = 0.05); I = 54%
Test for overall effect: Z = 3.95 (P < 0.0001)

Fig. 9 Meta-analysis of pCR(ypT0/is ypNO/+)

M-H. Fixed, 95% Cl

Risk Ratio Risk Ratio

M-H, Fixed. 95% Cl

1.26 [0.98, 1.62]
1.16 [0.82, 1.65]
1.74 [1.30, 2.33]
1.18[0.98, 1.42]

| .
——
.
——
1.31 [1.16, 1.49] <&

0.66 [0.44, 1.01]
0.88 [0.52, 1.48]
0.49 [0.28, 0.84]
0.72 [0.59, 0.86]
0.84 [0.58, 1.21]
1.01[0.83, 1.24]
0.79 [0.70, 0.89]

05 0.7 1 15 2
Favours [T] Favours [T+L/L]

30, 32, 36-38, 40, 42, 43] provided data on other toxici-
ties (chemotherapy adverse effects were graded according
to the National Cancer Institute Common Terminology
Criteria for Adverse Events) for pooling in the meta-
analysis. Data from NCIC CTG MA.31 [39] and GEI-
CAM/2006-14 [41] was not pooled in the meta-analysis
because HER2-positive and HER2-negative patients were
assessed together.

Diarrhea Eleven trials [23, 26, 28, 30, 32, 36—38, 40,
42, 43] provided data on grade III/IV diarrhea for pool-
ing in the meta-analysis. Heterogeneity test of p=0.02,
PP=57%, in diarrhea (T+L vs. T) showed high heteroge-
neity. Compared to the T arm, the T+L arm showed a
higher incidence of grade III/IV diarrhea (RR: 8.32, 95%
CIL: 6.49-10.68, p<0.00001; Fig. 15). Heterogeneity test
of p<0.00001, ’=81%, in diarrhea (L vs. T) showed high

Study or Subgroup log[Hazard Ratio] SE _Weight

6.1.1 RFS (T+L vs. T)

ALTTO -0.1508 0.0767 96.6%
CALGB 40601 -1.1394 04074  3.4%
Subtotal (95% Cl) 100.0%

Heterogeneity: Chi? = 5.69, df = 1 (P = 0.02); I> = 82%
Test for overall effect: Z = 2.45 (P = 0.01)

6.1.2 RFS (L vs.T)
CALGB 40601
Subtotal (95% Cl)

Heterogeneity: Not applicable
Test for overall effect: Z = 1.31 (P = 0.19)

0.4081 0.312 100.0%

100.0%

Fig. 10 Meta-analysis of RFS

Hazard Ratio
1V, Fixed, 95% CI

1.50[0.82, 2.77]
1.50 [0.82, 2.77]

Hazard Ratio
1V, Fixed, 95% CI

0.86 [0.74, 1.00]
0.32[0.14, 0.71]
0.83 [0.72, 0.96] <&

5= S

0.2 0.5 1 2 5
Favours [T+L/L] Favours [T]
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T+L/L T Risk Ratio Risk Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
71.10RR (T+L vs. T)
EORTC 10054 36 47 46 52 13.6% 0.87[0.72, 1.04] - "
LPT109096 20 33 20 33 6.2% 1.00 [0.68, 1.48]
NeoALTTO 122 152 105 149 32.9% 1.14 [1.00, 1.30] &
NSABP B-41 149 164 154 167 47.3% 0.99[0.92, 1.05] ‘x
Subtotal (95% CI) 396 401 100.0% 1.02 [0.96, 1.09]
Total events 327 325
Heterogeneity: Chi? = 6.84, df = 3 (P = 0.08); I> = 56%
Test for overall effect: Z = 0.62 (P = 0.53)
71.20RR (L vs.T)
CEREBEL 73 271 85 269 12.4% 0.85[0.66, 1.11] "
EORTC 10054 17 21 46 52 3.8% 0.92[0.73, 1.15] R
GEICAM/2006-14 23 51 23 48 3.4% 0.94 [0.62, 1.44]
GeparQuinto 266 308 273 307 39.7% 0.97 [0.92, 1.03] —&-
LPT109096 23 34 20 33 2.9% 1.12[0.78, 1.60]
NeoALTTO 114 154 105 149 15.5% 1.05[0.91, 1.21] -1
NSABP B-41 152 163 154 167 22.1% 1.01[0.95, 1.07] ;_
Subtotal (95% Cl) 1002 1025 100.0% 0.98 [0.93, 1.03]
Total events 668 706
Heterogeneity: Chi? = 4.10, df = 6 (P = 0.66); 1> = 0%
Test for overall effect: Z=0.83 (P = 0.41)
0?7 0.I85 1 1?2 1?5

Fig. 11 Meta-analysis of ORR

Favours [T] Favours [T+L/L]

heterogeneity. The L arm showed a higher incidence of
grade III/IV diarrhea, compared to the T arm (RR: 5.62,

95% CI: 4.41-7.17, p<0.00001; Fig. 15).

Subgroup analysis

Division into subgroups was in
accordance with I-III tumor stages [23, 26, 28, 30, 32,
36, 40, 42, 43] or MBC [37, 38]. The L arm had a higher

incidence of grade III/IV diarrhea in stage I-III patients
(RR: 7.90, 95% CI: 5.88-10.62, p<0.00001; Fig. 16). The
L arm shows no statistical significance of grade III/IV
diarrhea in MBC patients (RR: 0.99, 95% CI: 0.46-2.15,
p=0.99; Fig. 16). Subgroup differences were found (inter-
action test, p<0.00001).

T+L/L T
Study or Subgroup Events Total Events Total Weight
8.1.1 DCR (T+L vs. T)
EORTC 10054 41 47 49 52 100.0%
Subtotal (95% CI) 47 52 100.0%
Total events 41 49
Heterogeneity: Not applicable
Test for overall effect: Z=1.18 (P = 0.24)
8.1.2DCR(Lvs.T)
CEREBEL 112 271 118 269 26.7%
EORTC 10054 17 21 49 52 6.3%
GeparQuinto 289 308 297 307 67.0%
Subtotal (95% CI) 600 628 100.0%
Total events 418 464

Heterogeneity: Chi? = 1.63, df =2 (P = 0.44); I’= 0%
Test for overall effect: Z=1.52 (P = 0.13)

Fig. 12 Meta-analysis of DCR

Risk Ratio
M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed. 95% CI

0.93[0.81, 1.05]
0.93 [0.81, 1.05]

0.94[0.77, 1.15] - &
0.86 [0.69, 1.07] —
0.97 [0.94, 1.00] L
0.96 [0.90, 1.01] -
07 08 1 1.2 15
Favours [T] Favours [T+L/L]
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T+L/L T
Study or Subgroup  Events Total Events Total Weight
9.1.1 BCS (T+L vs. T)
CHER-Lob 31 45 24 36 13.0%
EORTC 10054 28 50 26 52 12.4%
NeoALTTO 63 143 58 143 28.2%
NSABP B-41 86 171 97 177 46.4%
Subtotal (95% CI) 409 408 100.0%
Total events 208 205
Heterogeneity: Chiz = 1.48, df =3 (P = 0.69); I>= 0%
Test for overall effect: Z=0.08 (P = 0.94)
9.1.2BCS (Lvs.T)
CHER-Lob 22 38 24 36 6.2%
EORTC 10054 14 22 26 52 3.9%
GEICAM/2006-14 30 51 28 48 7.2%
GeparQuinto 163 308 178 307 44.5%
NeoALTTO 66 143 58 143 14.5%
NSABP B-41 78 171 97 177 23.8%
Subtotal (95% CI) 733 763 100.0%
Total events 373 411
Heterogeneity: Chi?2=5.81,df =5 (P =0.32); 12 = 14%
Test for overall effect: Z=1.17 (P = 0.24)

Fig. 13 Meta-analysis of rate of BCS

Risk Ratio Risk Ratio
M-H. Fixed, 95% CI M-H. Fixed, 95% CI
1.03[0.76, 1.40] IS L —
1.12[0.78, 1.62] "
1.09 [0.83, 1.42] B —
0.92[0.75, 1.12] — &
1.01[0.88, 1.15] -
0.87 [0.61, 1.24]
1.27[0.84, 1.93]
1.01[0.72, 1.40]
0.91[0.79, 1.05] — &
1.14[0.87, 1.48] N I —
0.83 [0.67, 1.03] — T
0.94 [0.86, 1.04] -
0.5 0.7 1 1.5 2
Favours [T] Favours [T+L/L]

Divisions into subgroups were in accordance with treat-
ment type, including neoadjuvant therapy [23, 28, 30,
32, 36, 40, 42, 43] and palliative therapy [37, 38]. The L
arm had a higher incidence of grade III/IV diarrhea in
patients with neoadjuvant therapy (RR: 6.97, 95% CI:
4.46-10.91 p<0.00001; Fig. 17). The L arm shows no sta-
tistical significance of grade III/IV diarrhea in patients
with palliative therapy (RR: 0.99, 95% CI: 0.46-2.15,
P=0.99; Fig. 17). Subgroup differences were found (inter-
action test, p<0.00001).

Neutropenia Eight trials [23, 32, 36-38, 40, 42, 43] pro-
vided data on grade III/IV neutropenia for pooling in the
meta-analysis. Heterogeneity test of p=0.42, ’=0%, in neu-
tropenia (T+L vs. T) showed no heterogeneity. Differences
in grade III/IV neutropenia between the T and T+L arms
were insignificant (RR: 1.16, 95% CI: 0.86-1.56, p=0.33;
Fig. 18). Heterogeneity test of p=0.02, ’=59%, in neutro-
penia (L vs. T) showed high heterogeneity. Differences in
grade III/IV neutropenia between the T and L arms were
insignificant (RR: 0.99, 95% CI: 0.89-1.09, p=0.82; Fig. 18).

Fatigue Six trials [23, 28, 36, 38, 40, 42] provided data
on grade III/IV fatigue for pooling in the meta-analysis.
Heterogeneity test of p=0.71, P=0%, in fatigue (T+L vs.
T) showed no heterogeneity. Differences in grade III/IV
fatigue between the T and T+L arms were insignificant

(RR: 0.84, 95% CI: 0.42-1.67, p=0.62; Fig. 19). Hetero-
geneity test of p=1.00, P=0%, in fatigue (L vs. T) did
not reveal any heterogeneity. Differences in grade III/IV
fatigue between the T and L arms were insignificant (RR:
1.44, 95% CI: 0.97-2.11, p=0.07; Fig. 19).

Rash/skin toxicity Nine trials [26, 28, 30, 32, 36-38,
40, 42] provided data on grade III/IV rash or skin toxic-
ity for pooling in the meta-analysis. Heterogeneity test of
p=0.47, P=0%, in rash/skin toxicity (T+L vs. T) showed
no heterogeneity. The T+L arm had a higher incidence of
grade III/IV rash or skin toxicity, when compared to the
T arm (RR: 6.75, 95% CI: 4.66-9.77, p<0.00001; Fig. 20).
Heterogeneity test of p=0.54, PP=0%, in rash/skin toxic-
ity (L vs. T) showed no heterogeneity. The L arm had a
higher incidence of grade III/IV rash or skin toxicity,
when compared to the T arm (RR: 8.71, 95% CI: 5.64—
13.45, p<0.00001; Fig. 20).

Vomiting Six trials [28, 36, 38, 40, 42, 43] provided data
on grade III/IV vomiting for pooling in the meta-analysis.
Heterogeneity test of p=0.99, P=0%, in vomiting (T+L vs.
T) did not reveal any heterogeneity. Differences in grade
III/IV vomiting between the T+L and T arms were not
significant (RR: 2.17, 95% CI: 0.91-5.19, p=0.08; Fig. 21).
Heterogeneity test of p=0.82, ’=0%, in vomiting (L vs. T)
did not reveal any heterogeneity. Differences in grade III/
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T+L/L T Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H. Fixed, 95% CI
10.1.1 CHF (T+L vs. T) L
ALTTO 68 2061 53 2076 46.6% 1.29[0.91, 1.84]
ALTTOa 37 2076 53 2076 46.8% 0.70 [0.46, 1.06] L
CALGB 40601 o 117 0 118 Not estimable
CHER-Lob 0 46 0 36 Not estimable
EORTC 10054 0 50 0 53 Not estimable
NeoALTTO 1 152 0 149 0.4% 2.94[0.12, 71.63]
NSABP B-41 1 173 7 178 6.1% 0.15[0.02, 1.18] i
TRIO-US B07 0 58 0 34 Not estimable
Subtotal (95% Cl) 4733 4720 100.0% 0.95[0.73, 1.23] 2
Total events 107 113
Heterogeneity: Chi? = 8.57, df = 3 (P = 0.04); 12 = 65%
Test for overall effect: Z = 0.37 (P =0.71)
10.1.2 decline of LVEF (T+L vs. T)
ALTTO 103 2061 97 2076 48.9% 1.07 [0.82, 1.40] L
ALTTOa 57 2076 97 2076 49.1% 0.59[0.43, 0.81] =
CALGB 40601 0 117 0 118 Not estimable
CHER-Lob 0 46 1 36 0.8% 0.26 [0.01, 6.26]
EORTC 10054 0 50 0 53 Not estimable
NeoALTTO 1 152 1 149 0.5% 0.98 [0.06, 15.53]
NSABP B-41 0 173 0 178 Not estimable
TRIO-US B07 1 58 1 34 0.6% 0.59[0.04, 9.07]
Subtotal (95% CI) 4733 4720 100.0% 0.82[0.67, 1.01] ¢
Total events 162 197
Heterogeneity: Chi? = 8.40, df = 4 (P = 0.08); I? = 52%
Test for overall effect: Z = 1.88 (P = 0.06)
10.1.3 CHF (Lvs.T)
ALTTO 37 2057 53 2076 85.8% 0.70[0.47, 1.07] .
CALGB 40601 0 64 0 118 Not estimable
CHER-Lob 0 39 0 39 Not estimable
EORTC 10054 1 22 0 53 0.5% 7.04[0.30, 166.55]
GeparQuinto 7 308 1 307 1.6% 6.98 [0.86, 56.37] T
NeoALTTO 0 154 0 149 Not estimable
NSABP B-41 7 173 7 178 11.2% 1.03[0.37, 2.87] I
TRIO-US B07 0 36 0 34 Not estimable
WJOG6110B/ELTOP 1 43 0 43 0.8% 3.00[0.13, 71.65]
Subtotal (95% CI) 2896 2997 100.0% 0.89 [0.62, 1.28] <&
Total events 53 61
Heterogeneity: Chi? = 7.24, df =4 (P = 0.12); 12 = 45%
Test for overall effect: Z = 0.62 (P = 0.54)
10.1.4 decline of LVEF (L vs. T)
ALTTO 63 2057 97 2076 92.4% 0.66 [0.48, 0.89] .
CALGB 40601 0 64 0 118 Not estimable
CHER-Lob 0 39 1 36 1.5% 0.31[0.01, 7.34]
EORTC 10054 1 22 0 53 0.3% 7.04[0.30, 166.55]
GeparQuinto 1 308 4 307 3.8% 0.25[0.03, 2.22] - 1
NeoALTTO 1 154 1 149 1.0% 0.97 [0.06, 15.33]
NSABP B-41 0 173 0 178 Not estimable
TRIO-US B07 2 36 1 34 1.0% 1.89[0.18, 19.89] ]
WJOG6110B/ELTOP 0 43 0 43 Not estimable
Subtotal (95% CI) 2896 2994 100.0% 0.67 [0.50, 0.90] L 2
Total events 68 104
Heterogeneity: Chi? = 3.97, df =5 (P = 0.55); I = 0%
Test for overall effect: Z = 2.66 (P = 0.008)
0.01 0.1 1 10 100

Fig. 14 Meta-analysis of cardiac toxicities. ALTTOa: trastuzumab followed by lapatinib group
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T+L/L T
Study or Subgroup Events Total Events Total Weight
11.1.1 Diarrhea (T+L vs. T)
ALTTO 315 2061 27 2076 39.7%
ALTTOa 100 2076 27 2076 39.9%
CALGB 40601 25 117 2 118 2.9%
CHER-Lob 16 46 1 36 1.7%
EORTC 10054 9 50 1 53 1.4%
LPT109096 2 31 0 32 0.7%
NeoALTTO 38 149 4 148 5.9%
NSABP B-41 46 173 4 178 5.8%
TRIO-US B07 16 58 1 34 1.9%
Subtotal (95% CI) 4761 4751 100.0%
Total events 567 67

Heterogeneity: Chiz = 18.42, df = 8 (P = 0.02); 1= 57%
Test for overall effect: Z = 16.68 (P < 0.00001)

11.1.2 Diarrhea (L vs. T)

ALTTO 233 2057 27 2076 37.1%
CALGB 40601 14 64 2 118 1.9%
CEREBEL 16 269 21 267 291%
CHER-Lob 14 39 1 36 1.4%
EORTC 10054 2 22 1 53 0.8%
GeparQuinto 36 308 8 307 11.0%
LPT109096 2 34 0 32 0.7%
NeoALTTO 38 151 4 148 5.6%
NSABP B-41 35 173 4 178 5.4%
TRIO-US B07 5 36 1 34 1.4%
WJOG6110B/ELTOP 7 43 4 43 5.5%
Subtotal (95% CI) 3196 3292 100.0%
Total events 402 73

Heterogeneity: Chi? = 52.03, df = 10 (P < 0.00001); I* = 81%
Test for overall effect: Z = 13.89 (P < 0.00001)

M-H. Fixed. 95% CI
11.75 [7.97, 17.33]

12.61 [3.06, 52.02]
12.52 [1.74, 90.03]

5.16 [0.26, 103.27]
11.83 [4.35, 32.17]

8.32 [6.49, 10.68] *

12.91 [3.03, 55.02]

12.92 [1.79, 93.37]

Fig. 15 Meta-analysis of diarrhea. ALTTOa: trastuzumab followed by lapatinib group

Risk Ratio
M-H. Fixed, 95% CI

Risk Ratio

-

3.70 [2.43, 5.64] -+

9.54 [1.25, 72.60]

9.44 [3.45, 25.78]

9.38 [1.30, 67.62]

8.71[5.87, 12.91]

0.76 [0.40, 1.42]

4.82[0.46, 50.44]
4.49[2.12, 9.49)]
4.71[0.23, 94.58]
9.31[3.41, 25.44]
9.00 [3.27, 24.79]
4.72[0.58, 38.38]
1.75 [0.55, 5.55]
5.62 [4.41, 7.17]
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0.01

0.1 1 10
Favours [T+L/L] Favours [T]

100

IV vomiting between the L and T arms were insignificant
(RR: 1.29, 95% CI: 0.69-2.43, p=0.42; Fig. 21).

Nausea Six trials [28, 36, 38, 40, 42, 43] provided
data on grade III/IV nausea for pooling in the meta-
analysis. Heterogeneity test of p=0.52, ’=0%, in nau-
sea (T+L vs. T) did not reveal any heterogeneity. Dif-
ferences in grade III/IV nausea between the T+L and
T arms were insignificant (RR: 1.61, 95% CI: 0.64—4.06,
p=0.31; Fig. 22). Heterogeneity test of p=0.81, P=0%,
in nausea (L vs. T) did not reveal any heterogeneity.
Differences in grade III/IV nausea between the T and
L arms were insignificant (RR: 1.02, 95% CI: 0.58-1.80,
p=0.94; Fig. 22).

In this manuscript, we only reported subgroup analysis
with a high possibility of subgroup effects. Findings from
the meta-analysis and subgroup analyses are summarized

in Additional file 4: Table S2. All descriptions and for-
est plots from subgroup analyses, including from unre-
ported subgroups, are shown in Additional file 1 (Figure
S$1-S20).

Publication bias

Publication bias were assessed for the primary outcomes.
The Egger’s test did not reveal any publication bias with
regard to OS (T+L vs. T) (¢(=—1.43, p=0.248, p>0.05)
and OS (L vs. T) (t=—1.71, p=0.163, p>0.05). Since only
2 trials were included in PFS (L vs. T), the publication
bias of this outcome was not determined. The Egger’s
test did not reveal any publication bias with regard to
DFS/EFS (T+L vs. T; t=—2.56, p=0.051, p>0.05); how-
ever, there was a publication bias with regard to DFS/
EFS (L vs. T; t=—10.88, p=0.008, p<0.05). These find-
ings are shown in Additional file 2 (Figure S1-S4).
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L T Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
11.2.1 Diarrhea (L vs. T, I-lll)
ALTTO 233 2057 27 2076 56.4% 8.71[5.87, 12.91] LE
CALGB 40601 14 64 2 118 4.2% 12.91 [3.03, 55.02] -
CHER-Lob 14 39 1 36 2.2% 12.92[1.79, 93.37]
EORTC 10054 2 22 1 53 1.6% 4.82[0.46, 50.44]
GeparQuinto 36 308 8 307 15.5% 4.49[2.12,9.49] -
LPT109096 2 34 0 32 1.0% 4.71[0.23, 94.58]
NeoALTTO 38 151 4 148 8.7% 9.31[3.41, 25.44] -
NSABP B-41 35 173 4 178 8.5% 9.00 [3.27, 24.79] -
TRIO-US B07 5 36 1 34 2.0% 4.72[0.58, 38.38]
Subtotal (95% CI) 2884 2982 100.0% 7.90 [5.88, 10.62] L 4
Total events 379 48

Heterogeneity: Tau? = 0.00; Chi? = 3.82, df = 8 (P = 0.87); I?= 0%
Test for overall effect: Z =13.71 (P < 0.00001)

11.2.2 Diarrhea (L vs. T, MBC)

CEREBEL 16 269 21 267 67.3% 0.76 [0.40, 1.42]

WJOG6110B/ELTOP 7 43 4 43  32.7% 1.75[0.55, 5.55] %
Subtotal (95% CI) 312 310 100.0% 0.99 [0.46, 2.15]

Total events 23 25

Heterogeneity: Tau? = 0.13; Chi*=1.57, df = 1 (P = 0.21); 1> = 36%
Test for overall effect: Z =0.01 (P = 0.99)

0.02 0.1 1 10 50
Favours [L] Favours [T]

Test for subgroup differences: Chi? = 24.18, df = 1 (P < 0.00001), I> = 95.9%
Fig. 16 Subgroup analysis of diarrhea in accordance with tumor stage (L vs. T)

T+L/L T Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H. Random, 95% CI
11.3.4 Diarrhea (L vs. T, neoadjuvant therapy)
CALGB 40601 14 64 2 118 9.5% 12.91[3.03, 55.02] -
CHER-Lob 14 39 1 36 5.1% 12.92 [1.79, 93.37] - -
EORTC 10054 2 22 1 53 3.6% 4.82[0.46, 50.44]
GeparQuinto 36 308 8 307 35.6% 4.49[2.12,9.49] —a
LPT109096 2 34 0 32 2.2% 4.71[0.23, 94.58]
NeoALTTO 38 151 4 148 19.8% 9.31[3.41, 25.44] - v
NSABP B-41 35 173 4 178 19.5% 9.00 [3.27, 24.79] - =
TRIO-US B0O7 5 36 1 34 4.6% 4.72[0.58, 38.38] - =
Subtotal (95% ClI) 827 906 100.0% 6.97 [4.46, 10.91] <
Total events 146 21

Heterogeneity: Tau? = 0.00; Chi? = 3.30, df = 7 (P = 0.86); I = 0%
Test for overall effect: Z=8.51 (P < 0.00001)

11.3.5 Diarrhea (L vs. T, palliative therapy)

CEREBEL 16 269 21 267 67.3% 0.76 [0.40, 1.42]
WJOG6110B/ELTOP 7 43 4 43 32.7% 1.75[0.55, 5.55]
Subtotal (95% CI) 312 310 100.0% 0.99 [0.46, 2.15]
Total events 23 25

Heterogeneity: Tau? = 0.13; Chiz = 1.57, df =1 (P = 0.21); I>= 36%
Test for overall effect: Z =0.01 (P = 0.99)

0.1 1 10 100
Favours [L] Favours [T]

o+
o
=

Test for subgroup differences: Chi? = 18.32, df = 1 (P < 0.0001), I? = 94.5%
Fig. 17 Subgroup analysis of diarrhea in accordance with therapy setting (L vs. T)
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T+L/L T Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed. 95% CI

Risk Ratio
M-H. Fixed, 95% CI

12.1.1 Neutropenia (T+L vs. T)

EORTC 10054 23 50 22 53 33.9% 1.111[0.71,1.72]
LPT109096 1 31 3 32 4.7% 0.34 [0.04, 3.13]
NeoALTTO 13 149 5 148 8.0% 2.58[0.94, 7.06]
NSABP B-41 29 173 29 178 45.4% 1.03 [0.64, 1.65]
TRIO-US B07 8 58 4 34 8.0% 1.17 [0.38, 3.60]
Subtotal (95% Cl) 461 445 100.0% 1.16 [0.86, 1.56]
Total events 74 63

Heterogeneity: Chi? = 3.88, df = 4 (P = 0.42); = 0%
Test for overall effect: Z = 0.98 (P = 0.33)

12.1.2 Neutropenia (L vs. T)

_—

%f_

CEREBEL 9 269 15 267 4.9% 0.60[0.27, 1.34] T
EORTC 10054 10 22 22 53  4.2% 1.10[0.63, 1.91] -1
GeparQuinto 222 308 237 307 76.9% 0.93[0.85, 1.02] [ |
LPT109096 0 34 3 32 1.2% 0.13[0.01, 2.51]
NeoALTTO 26 151 5 148 1.6% 5.10[2.01, 12.92] -
NSABP B-41 28 173 29 178  9.3% 0.99[0.62, 1.60] 1T
TRIO-US B07 5 36 4 34 1.3% 1.18 [0.35, 4.03] -
WJOG6110B/ELTOP 1 43 2 43 0.6% 0.50 [0.05, 5.31] —
Subtotal (95% CI) 1036 1062 100.0% 0.99 [0.89, 1.09] {
Total events 301 317
Heterogeneity: Chi? = 17.25, df = 7 (P = 0.02); I = 59%
Test for overall effect: Z = 0.22 (P = 0.82)
0.005 0.1 1 10 200
. . Favours [T+L/L] Favours [T]
Test for subgroup differences: Chiz = 1.00, df =1 (P = 0.32), 1= 0%
Fig. 18 Meta-analysis of neutropenia

T+L/L T Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed, 95% CI
13.1.1 Fatigue (T+L vs. T)
CHER-Lob 4 46 2 36 13.2% 1.57 [0.30, 8.07] -
EORTC 10054 0 50 2 53 14.2% 0.21[0.01, 4.31] "
NSABP B-41 8 173 10 178 57.8% 0.82[0.33, 2.04]
TRIO-US BO7 3 58 2 34 14.8% 0.88[0.15, 5.00]
Subtotal (95% Cl) 327 301 100.0% 0.84 [0.42, 1.67]
Total events 15 16
Heterogeneity: Chi? = 1.36, df =3 (P =0.71); I?= 0%
Test for overall effect: Z = 0.49 (P = 0.62)
13.1.2 Fatigue (L vs. T)
CEREBEL 6 269 4 267 10.0% 1.49[0.42, 5.22] -
CHER-Lob 3 39 2 36 5.2% 1.38 [0.25, 7.82] -
EORTC 10054 2 22 2 53 2.9% 2.41[0.36, 16.04] R
GeparQuinto 30 308 21 307 52.3% 1.42[0.83, 2.43] L
NSABP B-41 13 173 10 178 24.5% 1.34 [0.60, 2.97] I
TRIO-US B07 3 36 2 34 5.1% 1.42[0.25, 7.96] - -
Subtotal (95% CI) 847 875 100.0% 1.44[0.97, 2.11] >
Total events 57 41
Heterogeneity: Chi = 0.32, df = 5 (P = 1.00); 1> = 0%
Test for overall effect: Z = 1.83 (P = 0.07)

0.01 0.1 1 10 100
Favours [T+L/L] Favours [T]
Fig. 19 Meta-analysis of fatigue
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T+L/L T Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed, 95% CI
14.1.1 Rash/Skin toxicity (T+L vs. T)
ALTTO 100 2061 12 2076 37.8%  8.39[4.63, 15.23] -
ALTTOa 80 2076 12 2076 37.9%  6.67[3.65, 12.19] —a
CALGB 40601 16 117 2 118 6.3% 8.07 [1.90, 34.31]
CHER-Lob 5 46 2 36 71% 1.96 [0.40, 9.51] -1
EORTC 10054 3 50 2 53 6.1% 1.59[0.28, 9.12] - 1
NeoALTTO 7 149 1 148 3.2% 6.95[0.87, 55.82]
NSABP B-41 2 173 0 178 1.6% 5.14[0.25, 106.37]
Subtotal (95% CI) 4672 4685 100.0% 6.75 [4.66, 9.77] L 4
Total events 213 31
Heterogeneity: Chi? = 5.59, df =6 (P = 0.47); I? = 0%
Test for overall effect: Z = 10.10 (P < 0.00001)
14.1.2 Rash/Skin toxicity (L vs. T)
ALTTO 126 2057 12 2076 54.5% 10.60[5.88, 19.10] i
CALGB 40601 10 64 2 118 6.4% 9.22 [2.08, 40.80]
CEREBEL 4 269 1 267 4.6% 3.97 [0.45, 35.29] ]
CHER-Lob 6 39 2 36 9.5% 2.77 [0.60, 12.85] ]
EORTC 10054 0 22 2 53 6.8% 0.47 [0.02, 9.40]
GeparQuinto 22 308 2 307 9.1% 10.96 [2.60, 46.22] -
NeoALTTO 8 151 1 148 4.6% 7.84[0.99, 61.92]
NSABP B-41 7 173 0 178 2.2% 15.43[0.89, 268.13]
WJOG6110B/ELTOP 3 43 0 43 2.3% 7.00[0.37, 131.56]
Subtotal (95% Cl) 3126 3226 100.0%  8.71[5.64, 13.45] <
Total events 186 22
Heterogeneity: Chi? = 7.00, df = 8 (P = 0.54); I? = 0%
Test for overall effect: Z=9.75 (P < 0.00001)
0.005 0.1 1 10 200
Favours [T+L/L] Favours [T]
Fig. 20 Meta-analysis of rash/skin toxicity

Sensitivity analysis

The result of DFS/EFS (L vs. T) revealed a significant dif-
ference with the previous result by the change of model
[RR = 1.13, 95%CIL: 0.91 to 1.42, p = 0.27, REM]. The
result of RFS (T+L vs. T) revealed a significant difference
with the previous result by the change of model [RR =
0.57, 95%CI: 0.22 to 1.48, p = 0.25, REM]. The hetero-
geneity test for pCR (L vs. T, ypT0/is ypNO/+; p = 0.05,
I* = 54%) revealed a high heterogeneity. After excluding
data from the NSABP B-41 trial for AC followed by Doc
chemotherapy, there was no heterogeneity (p = 0.52, I*
= 0). Therefore, this study is the source of heterogene-
ity. After deleting the heterogeneity source, the result
of pCR (L vs. T, ypT0/is ypNO/+) using the fixed effects
model revealed insignificant difference with the previous
result [RR = 0.72, 95%CI: 0.62 to 0.83, p < 0.00001]. The
heterogeneity test for ORR (T+L vs. T) revealed a high
heterogeneity (p = 0.08, I> = 56%). After excluding data
from the NeoALTTO trial, which used wP chemotherapy
as the neoadjuvant therapy and FEC chemotherapy as the
adjuvant therapy, there was no heterogeneity (p = 0.41, I*
= 0). Therefore, this study is the source of heterogeneity.
After deleting the source of heterogeneity, the result of

ORR (T+L vs. T) using the fixed effects model revealed
insignificant difference with the previous result [RR =
0.96, 95%CI: 0.90 to 1.03, p = 0.28]. The heterogeneity
test for CHF (T+L vs. T) revealed high heterogeneity (p
= 0.04, P = 65%). After excluding data from the ALTTO
trial, which used anti-HER2 therapy as the adjuvant
therapy, there was a low heterogeneity (p = 0.23, I> =
31%). Therefore, this study was the source of heterogene-
ity. After deleting the source of heterogeneity, the result
of CHF (T+L vs. T) using the fixed effects model shows
insignificant difference with the previous result [RR =
0.65, 95%CI: 0.44 to 0.97, p = 0.04]. The heterogeneity
test for LVEF decline (T+L vs. T) revealed a high hetero-
geneity (p = 0.08, I* = 52%). After excluding data from
the ALTTO trial (ALTTO and ALTTOa), which used
anti-HER2 therapy as the adjuvant therapy, there was no
heterogeneity (p = 0.83, I> = 0%). Therefore, this study
was the source of heterogeneity. After deleting the source
of heterogeneity, the result of LVEF decline (T+L vs. T)
using the fixed effects model shows insignificant differ-
ence with the previous result [RR = 0.55, 95%CI: 0.11 to
2.73, p = 0.46]. The heterogeneity test for diarrhea (T+L
vs. T) revealed a high heterogeneity (p = 0.02, I> = 57%).
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Fig. 22 Meta-analysis of nausea

Favours [T+L/L] Favours [T]

T+L/L T Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
15.1.1 Vomiting (T+L vs. T)
CHER-Lob 5 46 2 36 31.3% 1.96 [0.40, 9.51] N
EORTC 10054 1 50 0 53 6.8% 3.18[0.13, 76.20]
LPT109096 1 31 0 32 6.9% 3.09[0.13, 73.17]
NSABP B-41 8 173 4 178 55.0% 2.06 [0.63, 6.71] T
Subtotal (95% Cl) 300 299 100.0% 2.17 [0.91, 5.19] i
Total events 15 6
Heterogeneity: Chi = 0.13, df =3 (P = 0.99); I>= 0%
Test for overall effect: Z = 1.75 (P = 0.08)
15.1.2 Vomiting (L vs. T)
CEREBEL 4 269 4 267 24.2% 0.99 [0.25, 3.93] - v
CHER-Lob 3 39 2 36 12.6% 1.38[0.25, 7.82] - 1
EORTC 10054 0 22 0 53 Not estimable
GeparQuinto 5 308 6 307 36.3% 0.83[0.26, 2.69] L
LPT109096 1 34 0 32 3.1% 2.83[0.12, 67.01]
NSABP B-41 8 173 4 178 23.8% 2.06 [0.63, 6.71] T
Subtotal (95% CI) 845 873 100.0% 1.29 [0.69, 2.43] -
Total events 21 16
Heterogeneity: Chiz = 1.52, df = 4 (P = 0.82); I2= 0%
Test for overall effect: Z = 0.80 (P = 0.42)

0.01 0.1 1 10 100
Favours [T+L/L] Favours [T]
Fig. 21 Meta-analysis of vomiting

T+L/L T Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% Cl M-H. Fixed, 95% CI
16.1.1 Nausea (T+L vs. T)
CHER-Lob 5 46 2 36 31.4% 1.96 [0.40, 9.51] — 0 =
EORTC 10054 0 50 2 53 34.0% 0.21[0.01, 4.31]
LPT109096 1 31 0 32 6.9% 3.09[0.13, 73.17]
NSABP B-41 5 173 2 178 276%  257[0.51,13.08] T
Subtotal (95% Cl) 300 299 100.0% 1.61 [0.64, 4.06] -
Total events 11 6
Heterogeneity: Chi? = 2.28, df = 3 (P = 0.52); 1> = 0%
Test for overall effect: Z=1.01 (P = 0.31)
16.1.2 Nausea (L vs. T)
CEREBEL 3 269 3 267 13.5% 0.99 [0.20, 4.87] -
CHER-Lob 3 39 2 36 9.3% 1.38[0.25, 7.82] - |
EORTC 10054 2 22 2 53 5.3% 2.41[0.36, 16.04] -1 -
GeparQuinto 11 308 14 307 630%  0.78[0.36, 1.70] ——
LPT109096 0 34 0 32 Not estimable
NSABP B-41 3 173 2 178 8.9% 1.54[0.26, 9.12] - -
Subtotal (95% Cl) 845 873 100.0%  1.02 [0.58, 1.80] o
Total events 22 23
Heterogeneity: Chi2 = 1.57, df =4 (P = 0.81); I>= 0%
Test for overall effect: Z = 0.07 (P = 0.94)

0.01 0.1 1 10 100
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Table 3 Sensitivity analysis
Trials No. of patients T+L/L T RRor HR (95% CI) P-value (%)
OS (T+Lvs.T)
ALTTO 4190 2093 2097 0.83[0.69, 1.01] 0.06 15%
ALTTOa 4188 2091 2097 0.82[0.68,0.99] 0.04 12%
CALGB 40601 238 118 120 0.86 [0.75, 0.99] 0.04 0%
CHER-Lob 82 46 36 0.84[0.73,0.97] 0.02 15%
NeoALTTO 301 152 149 0.85[0.74,0.99] 0.03 9%
Pooled estimate 8999 4500 4499 0.84[0.73,0.97] 0.02 0%
OS (Lvs.T)
ALTTO 4197 2100 2097 1.18[0.97,1.45] 0.19 35%
CALGB 40601 187 67 120 1.26 [1.08, 1.47] 0.003 43%
CEREBEL 540 271 269 1.24[1.05,1.47] 0.01 42%
GeparQuinto 615 308 307 1.32[1.13,1.54] 0.0006 0%
NCIC CTG MA31 537 270 267 1.22[1.03,1.44] 0.02 35%
NeoALTTO 303 154 149 1.30[1.11,1.52] 0.001 16%
Pooled estimate 6379 3170 3209 1.26 [1.08, 1.46] 0.003 29%
PFS (L vs.T)
CEREBEL 540 271 269 147 1[1.03,2.09] 0.03 /
NCIC CTG MA31 537 270 267 1.30[1.04, 1.64] 0.02 /
Pooled estimate 1077 541 536 135[1.11,1.64] 0.002 0%
DFS/EFS (T+L vs. T)
ALTTO 4190 2093 2097 0.911[0.79, 1.04] 0.15 35%
ALTTOa 4188 2091 2097 0.84[0.73,0.97] 0.01 10%
CHER-Lob 82 46 36 0.89[0.81,0.99] 0.03 0%
NeoALTTO 301 152 149 0.89[0.80,0.99] 0.03 36%
Pooled estimate 8761 4382 4379 0.89[0.80, 0.98] 0.02 9%
DFS/EFS (L vs.T) (REM)
ALTTO 4197 2100 2097 0.98[0.75, 1.27] 0.88 0%
CHER-Lob 75 39 36 1.20[0.98, 1.46] 0.08 28%
GeparQuinto 615 308 307 1.12[0.81,1.55] 049 48%
NeoALTTO 303 154 149 1.15[0.87,1.53] 0.31 45%
Pooled estimate 5190 2601 2589 1.13[091,1.42] 027 36%
PCR (T+L vs. T, ypT0/is ypNO)
CALGB 40601 233 116 17 129[1.13,1.48] 0.0002 27%
CHER-Lob 79 43 36 1.25[1.11,1.47] 0.0003 14%
EORTC 10054 100 48 52 911 47] < 0.0001 21%
LPT109096 66 33 33 9 46] < 0.0001 16%
NeoALTTO 290 145 145 1.19[1.05, 1.35] 0.008 0%
NSABP B-41 347 171 176 0[1.12,1.51] 0.0007 28%
TRIO-US BO7 92 58 34 9[1.14, 1.46] < 0.0001 25%
Pooled estimate 1207 614 593 7[1.13,143] < 0.0001 14%
pCR (L vs. T, ypT0/is ypNO)
CALGB 40601 179 62 117 0.74[0.65, 0.84] <0.00001 28%
CHER-Lob 71 35 36 0.73[0.64, 0.82] <0.00001 28%
EORTC 10054 74 22 52 0.73[0.65,0.83] <0.00001 32%
GEICAM/2006-14 99 51 48 0.75 [0.66, 0.85] <0.00001 14%
GeparQuinto 615 308 307 0.76 [0.66, 0.89] 0.0005 23%
LPT109096 67 34 33 0.73[0.65, 0.83] <0.00001 32%
NeoALTTO 295 150 145 0.73[0.65,0.83] <0.00001 32%
NSABP B-41 347 171 176 0.67[0.58,0.77] <0.00001 0%
TRIO-US BO7 70 36 34 0.74[0.66, 0.84] <0.00001 24%
Pooled estimate 1817 869 948 0.73[0.65,0.83] <0.00001 22%
pCR (T+L vs. T, ypT0/is ypNO/+)
CALGB 40601 238 118 120 1.33[1.15,1.54] <0.0001 63%
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Trials No. of patients T+L/L T RR or HR (95% Cl) P-value 12 (%)
EORTC 10054 100 48 52 1.33[1.17,1.52] <0.0001 61%
NeocALTTO 301 152 149 1.20[1.05,1.38] 0.008 0%
NSABP B-41 348 171 177 141[1.19,1.67] <0.0001 49%
Pooled estimate 987 489 498 1.31[1.16, 1.49] <0.0001 45%

pCR (L vs. T, ypT0/is ypNO/+)

CALGB 40601 187 67 120 0.80[0.71,0.91] 0.0005 60%
EORTC 10054 74 22 52 0.79[0.70,0.89] <0.0001 63%
GEICAM/2006-14 99 51 48 0.811[0.72,0.92] 0.0007 47%
GeparQuinto 615 308 307 0.84[0.72,0.98] 0.02 53%
NeoALTTO 303 154 149 0.78 [0.69, 0.89] 0.0001 64%
NSABP B-41 348 171 177 0.72[0.62,0.83] <0.00001 0%

Pooled estimate 1626 773 853 0.79[0.70, 0.89] <0.0001 54%

RFS (T4L vs.T) (REM)

ALTTO 4190 2093 2097 0.321[0.14,0.71] 0.005 /
CALGB 40601 238 118 120 0.86 [0.74, 1.00] 0.05 /
Pooled estimate 4428 221 2217 0.57[0.22,1.48] 0.25 82%

ORR (T+L vs.T)

EORTC 10054 99 47 52 1.04[0.98,1.12] 0.21 58%
LPT109096 66 33 33 1.02 [0.96, 1.09] 0.50 71%
NeoALTTO 301 152 149 0.96 [0.90, 1.03] 0.28 0%

NSABP B-41 331 164 167 1.05[0.95,1.17] 0.34 65%
Pooled estimate 797 396 401 1.02 [0.96, 1.09] 0.53 56%

ORR (L vs.T)

CEREBEL 540 271 269 1.00 [0.95,1.04] 0.88 0%
EORTC 10054 73 21 52 0.98[0.93,1.03] 048 0%
GEICAM/2006-14 99 51 48 0.98[0.93,1.03] 043 0%
GeparQuinto 615 308 307 0.98 [0.91, 1.06] 0.66 0%
LPT109096 67 34 33 0.97[0.93,1.03] 032 0%
NeoALTTO 303 154 149 0.97[0.91,1.02] 0.20 0%
NSABP B-41 330 163 167 0.97[0.91, 1.03] 0.34 0%
Pooled estimate 2027 1002 1025 0.98[0.93,1.03] 041 0%
DCR (L vs.T)
CEREBEL 540 271 269 0.96 [0.93, 1.00] 0.03 24%
EORTC 10054 73 21 52 0.96 [0.91, 1.02] 0.21 0%
GeparQuinto 615 308 307 0.93[0.79,1.09] 0.36 0%
Pooled estimate 1228 600 628 0.96 [0.90, 1.01] 0.13 0%
Rate of BCS (T+L vs. T)
CHER-Lob 81 45 36 1.00[0.86, 1.16] 0.99 0%
EORTC 10054 102 50 52 0.99[0.86,1.14] 0.88 0%
NeoALTTO 286 143 143 0.97[0.83,1.14] 0.73 0%
NSABP B-41 348 171 177 1.08 [0.90, 1.30] 040 0%
Pooled estimate 817 409 408 1.01[0.88,1.15] 0.94 0%
Rate of BCS (Lvs.T)
CHER-Lob 74 38 36 0.95 [0.86, 1.05] 031 28%
EORTC 10054 74 22 52 0.93[0.84, 1.03] 0.16 0%
GEICAM/2006-14 99 51 48 0.94 [0.85,1.04] 0.22 29%
GeparQuinto 615 308 307 0.97[0.85,1.11] 0.64 27%
NeoALTTO 286 143 143 0.911[0.82,1.01] 0.08 0%
NSABP B-41 348 171 177 0.98[0.88, 1.09] 0.70 4%
Pooled estimate 1496 733 763 0.94[0.86, 1.04] 0.24 14%

CHF (T4L vs.T)

TRIO-US BO7 92 58 34 0.95[0.73,1.23] 0.71 65%
NSABP B-41 351 173 178 1.00[0.77,1.31] 098 62%
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Table 3 (continued)

Trials No. of patients T+L/L T RR or HR (95% Cl) P-value 12 (%)
NeoALTTO 301 152 149 0.94[0.73,1.22] 0.66 75%
EORTC 10054 103 50 53 0.95[0.73,1.23] 0.71 65%
CHER-Lob 82 46 36 0.9510.73,1.23] 0.71 65%
CALGB 40601 235 17 118 0.95[0.73, 1.23] 0.71 65%
ALTTOa 4152 2076 2076 1.17[0.84, 1.65] 035 55%
ALTTO 4137 2061 2076 0.65 [0.44,0.97] 0.04 31%
Pooled estimate 9453 4733 4720 0.95[0.73,1.23] 0.71 65%

CHF (Lvs.T)

WJOG6110B/ELTOP 86 43 43 0.88[0.61,1.26] 047 55%
TRIO-US BO7 70 36 34 0.89[0.62, 1.28] 0.54 45%
NSABP B-41 351 173 178 0.88 [0.60, 1.28] 0.50 58%
NeoALTTO 303 154 149 0.89[0.62,1.28] 0.54 45%
GeparQuinto 615 308 307 0.79[0.55,1.15] 022 2%

EORTC 10054 75 22 53 0.86 [0.60, 1.24] 043 45%
CHER-Lob 78 39 39 0.89[0.62, 1.28] 0.54 45%
CALGB 40601 182 64 118 0.89[0.62,1.28] 0.54 45%
ALTTO 4133 2057 2076 2.03[0.92,4.48] 0.08 18%
Pooled estimate 5893 2896 2997 0.89[0.62,1.28] 0.54 45%

Decline of LVEF (T+L vs.T)

TRIO-US BO7 92 58 34 0.82[0.67,1.01] 0.06 64%
NSABP B-41 351 173 178 0.82[0.67,1.01] 0.08 52%
NeoALTTO 301 152 149 0.82[0.67,1.01] 0.06 64%
EORTC 10054 103 50 53 0.82[0.67,1.01] 0.06 52%
CHER-Lob 82 46 36 0.83[0.67,1.01] 0.07 62%
CALGB 40601 235 117 118 0.82[0.67,1.01] 0.06 52%
ALTTOa 4152 2076 2076 1.05[0.80, 1.37] 0.72 0%

ALTTO 4137 2061 2076 0.59[0.43,0.80] 0.0009 0%

Pooled estimate 9453 4733 4720 0.82[0.67,1.01] 0.06 52%

Decline of LVEF (L vs.T)

WJOG6110B/ELTOP 86 43 43 0.67 [0.50, 0.90] 0.008 0%
TRIO-US BO7 70 36 34 0.66 [0.49, 0.89] 0.006 0%
NSABP B-41 351 173 178 0.67 [0.50, 0.90] 0.008 0%
NeoALTTO 303 154 149 0.67 [0.49, 0.90] 0.008 0%
GeparQuinto 615 308 307 0.681[0.51,0.93] 0.01 0%
EORTC 10054 75 22 53 0.65 [0.48, 0.88] 0.005 0%
CHER-Lob 75 39 36 0.67[0.50,0.91] 0.010 0%
CALGB 40601 182 64 118 0.67 [0.50, 0.90] 0.008 0%
ALTTO 4133 2057 2076 0.82[0.30, 2.24] 0.70 0%
Pooled estimate 5890 2896 2994 0.67 [0.50, 0.90] 0.008 0%

Diarrhea (T+L vs.T)

ALTTO 4137 2061 2076 6.06 [4.37,841] <0.00001 28%
ALTTOa 4152 2076 2076 11.39(8.30, 15.63] <0.00001 0%

CALGB 40601 235 117 118 8.1916.36, 10.55] <0.00001 61%
CHER-Lob 82 46 36 8251[642,1061] <0.00001 61%
EORTC 10054 103 50 53 831[6.46,10.67] <0.00001 62%
LPT109096 63 31 32 83516.50,10.72] <0.00001 62%
NeoALTTO 297 149 148 8.25[6.38,10.67] <0.00001 62%
NSABP B-41 351 173 178 8.11[6.27,10.49] <0.00001 60%
TRIO-US B0O7 92 58 34 8.30[6.46,10.67] <0.00001 62%
Pooled estimate 9512 4761 4751 8.32[6.49,10.68] <0.00001 57%

Diarrhea (L vs.T)

ALTTO 4133 2057 2076 3.811[2.78,5.21] <0.00001 76%
CALGB 40601 182 64 118 5481[4.28,7.02] <0.00001 82%
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Table 3 (continued)

Trials No. of patients T+L/L T RR or HR (95% Cl) P-value 12 (%)
CEREBEL 536 269 267 762 1[5.73,10.11] <0.00001 11%
CHER-Lob 75 39 36 5.52[4.32,7.05] <0.00001 82%
EORTC 10054 75 22 53 5.63[4.41,7.19] <0.00001 83%
GeparQuinto 615 308 307 5.76 [4.45,7.46) <0.00001 83%
LPT109096 66 34 32 5.63[4.41,7.19] <0.00001 83%
NeoALTTO 299 151 148 5.40[4.20, 6.95] <0.00001 82%
NSABP B-41 351 173 178 543 [4.22,6.98] <0.00001 82%
TRIO-US BO7 70 36 34 5.64[4.41,7.20] <0.00001 83%
WJOG6110B/ELTOP 86 43 43 5.85[4.55,7.51] <0.00001 81%
Pooled estimate 6488 3196 3292 562[441,7.17] <0.00001 81%

Neutropenia (T+L vs.T)

EORTC 10054 103 50 53 1.19[0.81,1.74] 0.39 22%
LPT109096 63 31 32 1.20[0.89, 1.62] 0.23 0%
NeoALTTO 297 149 148 1.04[0.76,1.41] 0.82 0%
NSABP B-41 351 173 178 1.27[0.87,1.85] 0.22 18%
TRIO-US BO7 92 58 34 1.16[0.85,1.57] 0.35 23%
Pooled estimate 906 461 445 1.16 [0.86, 1.56] 033 0%

Neutropenia (L vs.T)

CEREBEL 536 269 267 1.01[091,1.11] 0.86 64%
EORTC 10054 75 22 53 0.98 [0.89, 1.09] 0.76 65%
GeparQuinto 615 308 307 1.17[0.88, 1.56] 0.28 61%
LPT109096 66 34 32 1.00 [0.90, 1.10] 0.98 62%
NeoALTTO 299 151 148 0.92[0.83,1.02] 0.10 0%

NSABP B-41 351 173 178 0.99[0.89, 1.09] 0.82 65%
TRIO-US B0O7 70 36 34 0.99[0.89, 1.09] 0.78 65%
WJOG6110B/ELTOP 86 43 43 0.99[0.90, 1.10] 0.87 65%
Pooled estimate 2098 1036 1062 0.99[0.89, 1.09] 0.82 59%

Fatigue (T+L vs.T)

CHER-Lob 82 46 36 0.73[0.34,1.57] 042 0%
EORTC 10054 103 50 53 0.95[0.46, 1.94] 0.88 0%
NSABP B-41 351 173 178 0.87[0.30,2.48] 0.79 0%
TRIO-US BO7 92 58 34 0.84[0.40,1.76] 0.64 0%
Pooled estimate 628 327 301 0.84[0.42,1.67] 0.62 0%
Fatigue (L vs.T)
CEREBEL 536 269 267 431[0.95,2.15] 0.09 0%
CHER-Lob 75 39 36 144[097,2.14] 0.07 0%
EORTC 10054 75 22 53 141 [0.95, 2.09] 0.09 0%
GeparQuinto 615 308 307 1.45[0.83, 2.54] 0.20 0%
NSABP B-41 351 173 178 147[0.94,2.29] 0.09 0%
TRIO-US BO7 70 36 34 144[0.97,2.14] 0.07 0%
Pooled estimate 1722 847 875 1441097,2.11] 0.07 0%
Rash/Skin toxicity (T+L vs. T)
ALTTO 4137 2061 2076 5.751[3.57,9.24] <0.00001 0%
ALTTOa 4152 2076 2076 6.80 [4.25,10.87] <0.00001 11%
CALGB 40601 235 117 118 6.66 [4.54,9.77] <0.00001 9%
CHER-Lob 82 46 36 7.111[4.85,1044] <0.00001 0%
EORTC 10054 103 50 53 7.08[4.84,10.38] <0.00001 0%
NeoALTTO 297 149 148 6.74[4.63,9.82] <0.00001 11%
NSABP B-41 351 173 178 6.77 [4.66, 9.84] <0.00001 10%
Pooled estimate 9357 4672 4685 6.75 [4.66,9.77] <0.00001 0%

Rash/Skin toxicity (L vs.T)

ALTTO 4133 2057 2076 6.45[3.38,12.29] <0.00001 0%
CALGB 40601 182 64 118 8.67[5.51,13.65] <0.00001 0%
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Table 3 (continued)

Trials No. of patients T+L/L T RR or HR (95% Cl) P-value 12 (%)
CEREBEL 536 269 267 8.93[5.73,13.93] <0.00001 0%
CHER-Lob 75 39 36 9.33[5.91,14.72] <0.00001 0%
EORTC 10054 75 22 53 9.311[5.94, 14.58] <0.00001 0%
GeparQuinto 615 308 307 848(5.37,13.38] <0.00001 0%
NeoALTTO 299 151 148 8.75[5.61,13.65] <0.00001 0%
NSABP B-41 351 173 178 8.55[5.51,13.28] <0.00001 0%
WJOG6110B/ELTOP 86 43 43 8.75[5.63,13.58] <0.00001 0%
Pooled estimate 6352 3126 3226 8.71[5.64,13.45] <0.00001 0%

Vomiting (T+L vs. T)

CHER-Lob 82 46 36 2.27[0.80, 6.44] 0.12 0%
EORTC 10054 103 50 53 2.101[0.85,5.19] 0.11 0%
LPT109096 63 31 32 2.11[0.85,5.21] 0.11 0%
NSABP B-41 351 173 178 2.311[0.64,8.37] 0.20 0%
Pooled estimate 599 300 299 2.171[091,5.19] 0.08 0%
Vomiting (L vs.T)
CEREBEL 536 269 267 1.39[0.68, 2.84] 0.37 0%
CHER-Lob 75 39 36 1.28 [0.65, 2.53] 048 0%
EORTC 10054 75 22 53 1.29[0.69, 2.43] 042 0%
GeparQuinto 615 308 307 1.56 [0.73,3.33] 0.25 0%
LPT109096 66 34 32 1.24[0.65, 2.38] 0.51 0%
NSABP B-41 351 173 178 1.05 [0.49, 2.26] 0.89 0%
Pooled estimate 1718 845 873 1.29[0.69, 2.43] 042 0%
Nausea (T+L vs. T)
CHER-Lob 82 46 36 1.45[0.46,4.55] 0.52 12%
EORTC 10054 103 50 53 2.33[0.80, 6.76] 0.12 0%
LPT109096 63 31 32 1.50[0.57, 3.96] 041 7%
NSABP B-41 351 173 178 1.24[0.40,3.91] 0.71 0%
Pooled estimate 599 300 299 1.61 [0.64, 4.06] 031 0%
Nausea (L vs.T)
CEREBEL 536 269 267 1.03[0.56, 1.89] 0.94 0%
CHER-Lob 75 39 36 0.98[0.54,1.80] 0.96 0%
EORTC 10054 75 22 53 0.94[052,1.72] 0.85 0%
GeparQuinto 615 308 307 143060, 3.37] 042 0%
LPT109096 66 34 32 1.02[0.58,1.80] 0.94 0%
NSABP B-41 351 173 178 0.97[0.53,1.77] 0.92 0%
Pooled estimate 1718 845 873 1.02[0.58, 1.80] 0.94 0%

After excluding data from ALTTOa, which used trastu-
zumab followed by lapatinib as the anti-HER2 therapy,
there was no heterogeneity (p = 1.00, I* = 0%). Therefore,
this study was the heterogeneity source. After deleting the
source of heterogeneity, the result of diarrhea (T+L vs.
T) using the fixed effects model showed insignificant dif-
ference with the previous result [RR = 11.39, 95%CI: 8.30
to 15.63, p < 0.00001]. The heterogeneity test for diarrhea
(L vs. T) revealed a high heterogeneity (» < 0.00001, I* =
81%). After excluding data from the CEREBEL trial with
a low methodology method, there is little heterogeneity
(p = 0.34, I* = 11%). Therefore, this study was the source
of heterogeneity. After deleting the heterogeneity source,

the result of diarrhea (L vs. T) using the fixed effects
model shows insignificant difference with the previous
result [RR = 7.62, 95%CI: 5.73 to 10.11, p < 0.00001]. The
heterogeneity test for neutropenia (L vs. T) revealed a
high heterogeneity (p = 0.02, I> = 59%). After excluding
data from the NeoALTTO trial, which used wP chemo-
therapy as the neoadjuvant therapy, there was little het-
erogeneity (p = 0.71, > = 0%). Therefore, this study was
the source of heterogeneity. After deleting the source of
heterogeneity, the result of Neutropenia (L vs. T) using
the fixed effects model shows insignificant difference
with the previous result [RR = 0.92, 95%CI: 0.83 to 1.02,
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Table 4 GRADE evidence profile of outcomes
Outcome Number Assessment of evidence quality Number of Effect(95%Cl) Evidence
of studies participants quality
Risk bias Inconsistency Indirectness Imprecision Publication
bias
OS (T+Lvs. T) 4 Serious No No No Undetected 8999 HR = 0.84 [0.73, Moderate
0.97]
OS(Lvs.T) 6 Serious No No No Undetected 6379 HR = 1.26[1.08, Moderate
1.46]
OS(Lvs.T, 3 Serious No No Serious Undetected 1105 HR = 0.85[0.60, Low
neoadjuvant 1.20]
therapy)
OS(Lvs. T, pal- 2 Serious No No No Undetected 1077 HR = 1.40 Moderate
liative therapy) [1.10, 1.80]
PFS (Lvs.T) 2 Serious No No No Undetected 1077 HR=135[1.11, Moderate
1.64]
DFS/EFS (T4+L 3 Serious No No No Undetected 8761 HR =0.89[0.80, Moderate
vs. T) 0.98]
DFS/EFS (L 4 Serious No No Serious Detected 5190 HR=1.22[1.05, Verylow
vs. T) 141]
pCR (T+Lvs. T, 7 Serious No No No Undetected 1207 RR=1.271[1.13, Moderate
ypT0/is ypNO) 1.43]
pCR (L vs. T, 9 Serious No No No Undetected 1817 RR=10.73[0.65 Moderate
ypT0/is ypNO) 0.83]
pCR (T+L 4 Serious No No No Undetected 987 RR=1.31[1.16, Moderate
vs. T, ypT0/is 1:49]
ypNO/+)
PCR (L vs. 6 Serious Serious No No Undetected 1626 RR=0.79[0.70, Low
T,ypT0/is 0.89]
ypNO/+)
RFS (T4+Lvs. T) 2 Serious Serious No Serious Undetected 4428 HR =0.83[0.72, Verylow
0.96]
ORR (T+L 4 Serious Serious No Serious Undetected 797 RR=1.021[0.96, Verylow
vs.T) 1.09]
ORR (Lvs.T) 7 Serious No No Serious Undetected 2027 RR=098[093, Low
1.03]
DCR(Lvs.T) 3 Serious No No Serious Undetected 1228 RR=096[0.90, Low
1.01]
Rate of BCS 4 No No No Serious Undetected 817 RR=1.01[0.88, Moderate
(T+Lvs. T) 1.15]
Rate of BCS (L 6 No No No Serious Undetected 1496 RR=0.94[0.86, Moderate
vs.T) 1.04]
CHF (T+L 7 Serious Serious No Serious Undetected 9453 RR=095[0.73, Verylow
vs. T) 1.23]
CHF (Lvs.T) 9 Serious No No Serious Detected 5893 RR=0.89[0.62, Verylow
1.28]
Decline of 7 Serious  Serious No Serious Undetected 9453 RR=1082[067, Verylow
LVEF (T+L 1.01]
vs. T)
Decline of 9 Serious No No No Undetected 5890 RR=0.67[0.50, Moderate
LVEF (Lvs. T) 0.90]
Diarrhea (T4L 8 Serious Serious No No Undetected 9512 RR=8.32[649, Low
vs.T) 10.68]
Diarrhea (L 1 Serious Serious No No Undetected 6488 RR=562[441, Low
vs. T) 7.171
Diarrhea (Lvs. 9 Serious No No No Undetected 5866 RR=7.90[588, Moderate
T, 1) 10.62]
Diarrhea (Lvs. 2 Serious No No Serious Undetected 622 RR=0.99[046, Low
T, MBQ) 2.15]
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Table 4 (continued)
Outcome Number  Assessment of evidence quality Number of Effect(95%Cl) Evidence
of studies participants quality
Risk bias Inconsistency Indirectness Imprecision Publication
bias
Diarrhea (Lvs. 8 Serious No No No Undetected 1733 RR=6.97[446, Moderate
T, neoadjuvant 10.91]
therapy)
Diarrhea (Lvs. 2 Serious No No Serious Undetected 622 RR=10.99[046, Low
T, palliative 2.15]
therapy)
Neutropenia 5 Serious No No Serious Undetected 906 RR=1.16[0.86, Low
(T+Lvs.T) 1.56]
Neutropenia 8 Serious  Serious No Serious Undetected 2098 RR=109910.89, Verylow
(Lvs.T) 1.09]
Fatigue (T+L 4 Serious No No Serious Undetected 628 RR=0.84[042, Low
vs.T) 1.67]
Fatigue (L 6 Serious No No Serious Undetected 1722 RR=1441[097, Low
vs.T) 2.11]
Rash/Skin 6 Serious No No No Undetected 9357 RR =6.75[4.66, Moderate
toxicity (T+L 9.77]
vs. T)
Rash/Skin tox- 5 Serious No No No Undetected 6352 RR=28.71[564, Moderate
icity (Lvs.T) 13.45]
Vomiting (T+L 4 Serious No No Serious Undetected 599 RR=217[091, Low
vs. T) 5.19]
Vomiting (L 6 Serious No No Serious Undetected 1718 RR=1.29[0.69, Low
vs.T) 243]
Nausea (T+L 4 Serious No No Serious Undetected 599 RR=161[064, Low
vs.T) 4.06]
Nausea (L 6 Serious No No Serious Detected 1718 RR=1.021[0.58, Verylow
vs.T) 1.80]

p= 0.10]. All results are stable. Findings from sensitivity
analysis are shown in Table 3.

Evidence quality assessment

Thirty-seven outcomes were assessed by GRADE. Risk
bias: Almost all outcomes were considered serious risk
due to unclear allocation concealment of the included
studies, except outcomes of BCS rates for T+L vs. T and
L vs. T. Inconsistency: High heterogeneities were found
in outcomes of pCR (L vs. T, ypT0/is ypNO/+), RES (T+L
vs. T), ORR (T+L vs. T), CHF (T+L vs. T), LVEF decline
(T+L vs. T), diarrhea (T+L vs. T), diarrhea (L vs. T), and
neutropenia (L vs. T). Thus, these outcomes were consid-
ered serious risk of inconsistency. Indirectness: All out-
comes had no significant indirectness, because all trials
were direct comparisons. Imprecision: Outcomes of OS
(L vs. T, neoadjuvant therapy), DFS/EFS (L vs. T), RFS
(T4+Lvs. T), ORR (T+Lvs. T), ORR (L vs. T), DCR (L vs.
T), rate of BCS (T+L vs. T), rate of BCS (L vs. T), CHF
(T4+L vs. T), CHF (L vs. T), LVEF decline (T+L vs. T),
diarrhea (T+L vs. MBC), diarrhea (T+L vs. palliative
therapy), neutropenia (T+L vs. T), neutropenia (L vs. T),
fatigue (T+L vs. T), fatigue (L vs. T), vomiting (T+L vs.

T), vomiting (L vs. T), nausea (T+L vs. T), and nausea (L
vs. T) were considered serious risk of imprecision due to
insufficient sample size. Publication bias: DFS/EFS (L vs.
T), CHF (L vs. T) and nausea (L vs. T) exhibited a publi-
cation bias. Overall: No outcomes had high-quality evi-
dence, 15 outcomes had moderate-quality evidence, 14
outcomes had low-quality evidence, and 8 outcomes had
very low-quality evidence (Table 4).

Discussion

This is an updated systematic review and meta-anal-
ysis, which conclusively determined whether effica-
cies of trastuzumab plus lapatinib or lapatinib therapy
are not inferior to trastuzumab therapy. In previous
studies, Yu et al. and Clavarezza et al. [44, 45] did not
compare lapatinib therapy with standard trastuzumab
therapy, and the latest included studies were published
in 2017. Xu et al. [46] reported the meta-analysis
results among three arms (T+L, T, and L). However,
this study [46] with the included RCTs from 2012 to
2015 did not include all relevant studies. Moreover,
all treatment types (neoadjuvant, adjuvant, or pal-
liative treatment) were included in this study, while
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it is different from the studies of Ma et al. [47] and
Guarneri et al. [48], which only included the RCTs
of neoadjuvant therapy. Thus, our study included all
relevant RCTs, enlarged the sample size, and almost
analyzed all important outcomes, which may lead to
a more scientific and comprehensive meta-analysis
results. Compared to previous studies, our findings
basically showed no significant difference, and most
results were highly similar.

This meta-analysis shows that the efficacy of trastu-
zumab combined with lapatinib therapy is superior to
standard trastuzumab therapy alone, with a significant
improvement in OS, DFS/EFS, pCR (ypT0/is ypNO),
and pCR (ypT0/is ypNO/+), RES, but has more safety
risks, with a higher incidence of diarrhea and rash/
skin toxicity. In addition, standard trastuzumab therapy
alone was proven superior to lapatinib therapy in effi-
cacy, with a significant improvement in OS, PFS, DFS/
EFS, pCR (ypT0/is ypNO), and pCR (ypT0/is ypNO/+).
With regard to safety, standard trastuzumab therapy
alone had a higher incidence of LVEF decline, but had
a low incidence of grade III or IV diarrhea and rash/
skin toxicity, compared to lapatinib therapy alone. In
previous studies, Clavarezza et al. [45] reported that
trastuzumab combined with lapatinib therapy sig-
nificantly increased the pCR rate, compared to trastu-
zumab therapy alone, in tandem with our findings. Xu
et al. [46] reported that trastuzumab combined with
lapatinib therapy significantly improved the pCR, EFS,
and OS, but showed a higher rate of grade III/IV diar-
rhea, rash or erythema, and neutropenia, compared
to lapatinib or trastuzumab therapy alone, which is
in tandem with our findings. Ma et al. [47] reported
that standard trastuzumab therapy alone plus chemo-
therapy was superior to chemotherapy plus lapatinib
therapy in pCR (ypT0/is ypNO/+) (RR=0.82, 95% CI:
0.72-0.93) and pCR (ypT0/is ypNO) (RR=0.77, 95% CI:
0.67-0.88), while lapatinib plus trastuzumab therapy
and lapatinib therapy showed no significant difference
in rate of BCS compared with chemotherapy plus tras-
tuzumab therapy, and lapatinib plus trastuzumab ther-
apy and lapatinib therapy showed higher incidence of
diarrhea and skin rash compared with chemotherapy
plus trastuzumab therapy. Guarneri et al. [48] reported
that trastuzumab combined with lapatinib therapy sig-
nificantly improved RFS and OS, compared to standard
trastuzumab therapy.

OS, PES, and DFS/EFS are important clinical outcomes.
We found that trastuzumab combined with lapatinib ther-
apy significantly improved OS and DFS/EFS, compared
to standard trastuzumab therapy alone while lapatinib
plus chemotherapy had a lower efficacy in OS, PFS, and
DES/EES, compared to standard trastuzumab therapy.
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Based on GRADE, evidence quality for these outcomes
was generally moderate, except DFS/EFS (L vs. T), which
was considered low quality. Therefore, trastuzumab plus
lapatinib is a better option for increasing the survival time
of patients. Although lapatinib plus trastuzumab therapy
had higher pCR rates, when compared to standard tras-
tuzumab therapy, while trastuzamab was superior to lapa-
tinib, differences among the three kinds of anti-HER2
therapy with regard to breast-conserving rate were insig-
nificant. Thus, we consider treatment of better pCR effi-
cacy may have no obvious clinical meaning for patients
who think highly of breast conservation. However, if
patients with early breast cancer think highly of short-
term efficacy, then trastuzumab combined with lapatinib
may be a better choice. We also established that patients
with better pCR efficacies had better long-term survival
outcomes. However, it has yet to be established whether
pCR is associated with long-term survival outcomes.

Trastuzumab-associated cardiac toxicities have been
evaluated. Some studies reported that trastuzumab-
induced cardiotoxicity might result from its negative
regulation of murine double minute 2 (MDM2) and
p53. Meanwhile, trastuzumab-induced cardiomyocyte
apoptosis has been associated with inflammatory infil-
trations. Chemokine expressions of TNFa, MCP-1 and
ICAM-1 mediated by TLR4 contribute to the inflam-
matory responses. Lapatinib preserved cell energy and
inhibited TNFa-induced cardiomyocyte apoptosis by
activating the AMPK pathway [49, 50]. In this study,
lapatinib showed a lower incidence of LVEF decline,
compared to trastuzumab therapy, and evidence quality
was moderate. Therefore, for patients with bad cardiac
conditions, the efficacies of a combination of lapatinib
with trastuzumab should be evaluated. With regard
to other toxicities, trastuzumab had a lower incidence
of grade III/IV diarrhea and rash/skin toxicity, com-
pared to lapatinib therapy and lapatinib plus trastu-
zumab therapy. Mayo et al. reported that lapatinib can
reduce gut microbial diversity, which may be the reason
for the high incidence of diarrhea [51]. However, high
incidences of rash during treatment with lapatinib and
combination therapy may not be a bad thing. Amir Son-
nenblick reported that patients with early development
of rash derive superior benefits from lapatinib-based
therapies [52]. However, reasons for the rash remain
unclear. Researchers inferred that lapatinib pharma-
cokinetics or pharmacodynamics influenced rash devel-
opment. Normal epidermal growth depends on EGFR,
which is expressed on the proliferating skin [52].

In previous studies [44—48], no evidence quality assess-
ment was performed. To determine the reliability of
the meta-analysis results, GRADE was used to assess
the evidence quality in this study. In long-term survival
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outcomes (excluding subgroup analysis results), almost
all outcomes were assessed moderate quality evidence
due to unclear allocation concealment of the included
studies, except DFS/EFS (L vs. T) and RFS (T+L vs. T),
which were assessed very low evidence quality. Thus,
we supposed it was generally credible that lapatinib
plus trastuzumab therapy had a better long-term effi-
cacy, when compared to standard trastuzumab therapy,
while trastuzamab was superior to lapatinib. In short-
term survival outcomes, more than half of the outcomes
were assessed low- or very low-quality evidence due to
unclear allocation concealment of the included studies,
high heterogeneity, or insufficient sample size. Although
this study showed that lapatinib plus trastuzumab ther-
apy had a better short-term efficacy, when compared to
standard trastuzumab therapy, while trastuzamab was
superior to lapatinib, it is still hard to make a conclusion
that which therapy had a better short-term efficacy, while
outcomes of rate of BCS were assessed moderate-qual-
ity evidence due to insufficient sample size. This study
proved that no significant difference was found in rate
of BCS among three therapies, which, we suppose, was
credible. In cardiac toxicities and other toxicities (exclud-
ing subgroup analysis results), almost all outcomes were
assessed low- or very low-quality evidence due to unclear
allocation concealment of the included studies, high het-
erogeneity, insufficient sample size, or publication bias.
Thus, further verification is needed to determine which
therapy is safer. Overall, no outcomes had high-quality
evidence, 15 outcomes had moderate-quality evidence,
14 outcomes had low-quality evidence, and 8 outcomes
had very low-quality evidence. More than half of the out-
comes were assessed low- or very low-quality evidence.
We inferred that it was probably caused by the following
reasons. First, most included studies did not design well,
which caused serious risk bias. Second, insufficient sam-
ple size led to insignificant differences in some results,
which caused serious imprecision. Third, publication bias
and high heterogeneity downgraded the level of evidence.
To upgrade the evidence quality, more well-designed
long-term large sample RCTS are needed. Apart from
that, more strict inclusion and exclusion criteria should
be made in future studies, so that more studies with low
heterogeneity can be included.

To determine the source of heterogeneity, subgroup
analysis revealed subgroup effects between groups.
Patients with neoadjuvant therapy were associated with
longer OS, relative to patients with MBC, while patients
with stage I-III breast cancer or neoadjuvant therapy had
higher incidences of diarrhea than patients with MBC or
palliative therapy during lapatinib treatment. Outcomes
from subgroup analyses may have been affected by the
instability caused by small sample sizes. We also assessed
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the quality of evidence and found moderate-quality evi-
dence for OS (L vs. T, palliative therapy), diarrhea (L vs,
T, I-11I), and diarrhea (L vs. T, neoadjuvant therapy), and
low-quality evidence for OS (L vs. T, neoadjuvant ther-
apy), diarrhea (L vs, T, MBC), and diarrhea (L vs. T, pal-
liative therapy), which may inform clinicians and patients
when selecting treatment options.

In recent years, studies have increasingly evaluated the
efficacies of dual-targeted therapy versus single-targeted
therapy. It is significant for clinicians and patients to evalu-
ate the efficacy and safety of dual and single-targeted ther-
apy for better therapeutic selection. This study is associated
with various limitations; first, most of the included stud-
ies did not clearly mention allocation concealment, which
reduces the reliability of the included studies. Second, dif-
ferent chemotherapies in the included studies may lead to
clinical heterogeneity. Third, most of the trials, apart from
ALTTO, had small sample sizes. Finally, low incidences of
safety events in the studies may have led to excess judgment
of treatment effects. In the future, relevant, well-designed
long-term large sample RCTS are needed, and more studies
should assess the mechanisms of cardiac and non-cardiac
toxicities of lapatinib and trastuzumab. In addition, it is of
significance to determine whether pCR has any effects on
long-term survival or not when lapatinib and trastuzumab
are used, and whether combinations of lapatinib and trastu-
zumab can reduce incidences of cardiac toxicities.

Conclusions

The efficacy of trastuzumab combined with lapatinib
therapy is superior to standard trastuzumab therapy
alone, but has more non-cardiac grade III/IV toxicities.
The efficacy of lapatinib therapy is inferior to that of
standard trastuzumab therapy alone. However, the car-
diac safety of lapatinib therapy is superior to that of
standard trastuzumab therapy.
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