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Summary Purpose Preclinical data indicate that combination
HER2-directed and anti-VEGF therapy may bypass resistance to
trastuzumab. A phase I trial was performed to assess safety,
activity, and correlates. Experimental design Patients with ad-
vanced, refractory malignancy were enrolled (modified 3+3
design with expansions for responding tumor types). Patients
received lapatinib daily for 21 days, and bevacizumab and
trastuzumab every 3 weeks. Correlates included HER2 extracel-
lular domain levels (ECD) and single nucleotide polymorphisms
(SNPs). ResultsNinety-four patients were treated (median = four
prior systemic therapies). The most common related adverse
events≥grade 2 were diarrhea (n=33, 35 %) and hypertension
(n=10, 11 %). The recommended phase 2 dose was trastuzumab
6 mg/m2 (loading = 8 mg/m2) and bevacizumab 15 mg/kg every
3 weeks, with lapatinib 1,250 mg daily (full FDA-approved dose
of each drug). One patient (1 %) achieved a complete response

(CR); eight (9 %), a partial response (PR) (includes breast (n=7,
one of which was HER2 2+ by IHC) and salivary ductal carci-
noma (n=1); and 14 (15%), stable disease (SD) ≥6months (total
SD≥6 months/PR/CR =23 (25 %). All patients with PR/CR
received prior trastuzumab +/− lapatinib. SD≥6 months/PR/CR
rate and time to treatment failure (TTF) correlated with elevated
baseline HER2 ECD (N=75 patients tested) but not with HER2
SNPs. Conclusions Combination trastuzumab, lapatinib, and
bevacizumab was well-tolerated and demonstrated antitumor
activity in heavily pretreated patients with advanced malignancy.

Keywords Trastuzumab .Lapatinib .Bevacizumab .HER2 .

VEGF

Introduction

Human epidermal growth factor receptor 2 (HER2) is a pro-
tein in the epidermal growth factor receptor (EGFR) family.
Overexpression of HER2 promotes neoplastic transformation
of cells making it a popular therapeutic target. HER2 overex-
pression is seen in multiple tumor types, including breast (25–
30 %) [1], gastric/esophageal (22 %) [2], pancreatic (16 %)
[3], salivary gland (17 %) [4], cholangiocarcinoma (29 %) [5],
gallbladder (10 %) [6], non-small cell lung (11 %) [7], and
ovarian (5–15 %) [8]. HER2 correlates with poor prognosis
and decreased overall survival in many tumor types, including
breast, bladder, ovarian, endometrial, non-small cell lung can-
cer, and gastric cancer [9–14]. Inhibition of HER2 is an
established therapy for HER2-positive breast and gastric can-
cer and is a promising therapy for other malignancies.

Trastuzumab, a monoclonal antibody that is Food and Drug
Agency (FDA) approved for HER2 overexpressed breast can-
cer and gastric or gastroesophageal (GE) junction patients,
binds to the extracellular domain of the HER2/neu protein
and inhibits the proliferation of human tumor cells that
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overexpress HER2 [2, 15].While trastuzumab improves overall
survival and response rate, resistance has been shown to devel-
op in metastatic breast cancer patients [16]. Therefore, the need
to inhibit HER2 via alternate pathways exists. Lapatinib, also
FDA approved for breast cancer patients, is a tyrosine kinase
inhibitor of both epidermal growth factor receptor (EGFR) and
HER2 [17]. In combination with capecitabine, lapatinib has
been shown to improve time to progression in metastatic breast
cancer patients who progressed on prior therapy, including
trastuzumab [18]. Combining lapatinib and trastuzumab pro-
vides the opportunity to target two members of the HER sub-
family simultaneously and both the extracellular and intracellu-
lar domains. Combining lapatinib and trastuzumab may be
clinically more effective than either drug alone [19], perhaps
because some tyrosine kinase receptors act through both kinase
dependent and independent pathways [20, 21].

Vascular endothelial growth factor (VEGF) plays an im-
portant role in cancer development and metastases [22].
Bevacizumab was the first VEGF monoclonal antibody ap-
proved by the FDA to target tumor angiogenesis, and is now
approved for colorectal, renal cell, non-small cell lung cancer,
and glioblastoma [23–26], as well as demonstrates activity in
ovarian and other cancers [27–29].

Overexpression of HER2 has been associated with upregula-
tion of VEGF in breast and lung cancer cell lines [30, 31].
Preclinical data has shown that combining HER2 inhibition
therapy and anti-VEGF therapy, bevacizumab, may bypass re-
sistance to trastuzumab [32]. Clinically, two different phase II
studies have shown responses in advanced HER2-postive breast
cancer patients on combination trastuzumab and bevacizumab
[33] and combination lapatinib and bevacizumab [34]. Phase II
and III studies have also shown increased clinical efficacy of
combination trastuzumab and lapatinib [35, 36]. These findings
suggest combination HER2 and VEGF therapy may be a prom-
ising strategy to increase efficacy and overcome resistance.

We performed a phase I trial administering combination
bevacizumab, trastuzumab, and lapatinib based on our hypoth-
esis that this combination of concurrent HER2, EGFR, and
VEGF inhibition could be given safely and would demonstrate
antitumor activity in patients with varied tumor types. The
primary objective of this study was to assess safety and tolera-
bility as well as to define themaximum tolerated dose (MTD) of
combination bevacizumab, trastuzumab, and lapatinib.
Secondary objectives were to establish a preliminary assessment
of anti-tumor activity and correlation of surrogate markers.

Materials and methods

Study design

The study was conducted at The University of Texas M. D.
Anderson Cancer Center (MDACC) per Institutional Review

Board guidelines. A modified 3+3 study design was
used (Supplementary Methods). The treatment arm re-
ported herein included all patients who started therapy
between 11/19/2007 and 7/19/2012 as part of a dose-
escalation study conducted in patients with advanced
cancer. The treatment cycle repeated once every 21 days
until prohibitive toxicity, tumor progression, or patient
withdrawal. Patients were treated at variable dose levels,
depending on the time of study entry (Table 1). Once
the maximum tolerated dose (MTD) was determined, the
dose level was expanded to include up to 14 additional
patients per specific tumor type that had complete re-
sponse (CR), partial response (PR), or stable disease
(SD) >4 cycles. These tumor types included breast,
gallbladder/cholangiocarcinoma, gastric/esophageal,
ovarian/fallopian tube, pancreatic, salivary duct, and
non-melanoma skin cancers.

Patients

Patients had metastatic or advanced cancer not amenable to
standard therapy, an Eastern Cooperative Oncology Group
(ECOG) performance status of 0–2 [37], and adequate hema-
tologic, hepatic, and renal function. Exclusion criteria includ-
ed hemoptysis, unexplained bleeding, significant cardiovas-
cular disease, intercurrent uncontrolled illness, significant
gastrointestinal bleeding within 28 days, hemorrhagic brain
metastases, prior abdominal surgery within 30 days, pregnan-
cy, and a history of hypersensitivity to bevacizumab,
trastuzumab, lapatinib, Chinese hamster ovary cell proteins
and/or any component of the formulations of these drugs.
Treatment with prior cytotoxic therapies must have ended at
least 3 weeks prior to enrollment, and biologic therapy must
have ended at least 2 weeks or five drug half-lives prior to
enrollment (whichever was shorter).

Patients with left ventricular ejection fraction of less than
50 % were excluded unless the individual was receiving an
angiotensin-converting enzyme (ACE) inhibitor/angiotensin
receptor blocker (ARB) and a beta blocker. In addition, pa-
tients with prolonged QTc defined as greater than 440 milli-
seconds (males) and greater than 460 milliseconds (females)
were excluded.

Safety

Clinically significant adverse events were assessed according
to the National Cancer Institute Common Terminology
Criteria for Adverse Events (NCI CTCAE), version 3.0 [38].
History, physical exam, hematology, blood chemistry, and
urinalysis were performed at baseline and regular intervals
while receiving treatment.
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Evaluation of efficacy

Treatment efficacy was evaluated by diagnostic imaging per
Response Evaluation Criteria in Solid Tumors (RECIST) 1.0
[39]. Radiologic assessments were conducted at baseline and
about every 6 weeks thereafter.

Molecular testing

Molecular testing was performed in the Clinical Laboratory
Improvement Amendments (CLIA)-approved MDACC labo-
ratory for patients with available archived tissue. BRAF, c-

KIT, K/NRAS, c-MET, PIK3CA, and p53 mutation analysis
were performed, as well as c-MET amplification by fluores-
cent in-situ hybridization (FISH) and PTEN expression by
standard immunohistochemistry.

For BRAF (codons 468–474 in exon 11 and codons 595–
600 in exon 15), c-KIT (exons 9, 11, 13, and 17), K/NRAS
(codons 12, 13 and 61), PIK3CA (codons 532–554 in exon 9
and codons 1011–1062 in exon 20), EGFR (exons 18–21),
and p53 mutation (exons 4–9) testing, polymerase chain re-
action (PCR)-based sequencing analysis was performed on
DNA extracted from paraffin-embedded tumor tissue. The
lower limit of detection was approximately one cell bearing

Table 1 Treatment-related grade 2–4 adverse events in at least two patients (2 %)

Dose Level 1 2 3 4 5 6 7 8 9 10 11 12† Total
n=3 n=3 n=3 n=3 n=3 n=3 n=6 n=8 n=7 n=8 n=9 n=38 n=94

Bevacizumab
Dose, mg/kg
IV q3w

2.5 2.5 5 5 5 7.5 7.5 7.5 10 10 10 15

Trastuzumab Dose,
mg/kg IV q3w*

2, 1 2, 1 2, 1 4, 2 4, 2 4, 2 6, 4 6, 4 6, 4 8, 6 8, 6 8, 6

Lapatinib Dose,
mg PO daily

250 500 500 500 750 750 750 1,000 1,000 1,000 1,250 1,250

Anorexia

Grade 2 0 0 0 0 0 0 1 0 0 0 0 1 2 (2 %)

Diarrhea

Grade 2 0 0 0 0 0 0 0 1 1 1 1 20 24 (25.5 %)

Grade 3 0 0 0 0 0 0 1 (DLT) 1 0 1 (DLT) 1 (DLT) 5 (5 DLT) 9 (9.6 %)

Elevated ALT/AST

Grade 2 0 0 0 1 1 0 0 0 0 0 0 0 2 (2 %)

Fatigue

Grade 2 0 0 0 0 2 0 1 0 1 0 0 2 6 (6 %)

GI bleeding

Grade 3 0 0 0 0 0 0 0 0 0 0 1 0 1 (1 %)

Grade 4 0 0 0 0 0 0 0 0 0 0 0 1 1 (1 %)

Hypertension

Grade 2 1 0 0 1 0 0 1 1 2 0 0 2 8 (8.5 %)

Grade 3 0 0 0 0 0 0 0 0 0 0 0 2 2 (2 %)

Mucositis

Grade 2 0 0 0 0 0 0 0 0 0 0 0 2 2 (2 %)

Nausea

Grade 2 0 0 0 0 1 0 1 0 1 0 0 0 3 (3 %)

Proteinuria

Grade 2 0 0 0 1 0 0 0 0 0 0 1 1 3 (3 %)

Skin rash

Grade 2 0 0 0 0 0 0 0 0 0 1 1 1 3 (3 %)

Vomiting

Grade 2 0 0 0 0 0 0 0 0 1 0 0 0 1 (1 %)

Grade 3 0 0 0 0 0 0 0 0 0 0 0 1 (DLT) 1 (1 %)

Abbreviations: ALT alanine aminotransferase; AST aspartate aminotransferase; DLT dose-limiting toxicity; IV intravenous; PO orally; q3w, every
3 weeks

†Recommended Phase II dose. This includes full approved doses of each drug

*Trastuzumab dose shown as loading dose, maintenance dose
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the mutation per five to ten normal cells. PTEN expression
was determined by immunohistochemistry using anti-PTEN
monoclonal mouse antibody (Dako, Carpinteria, CA).

Tissue was evaluated for HER-2/neu gene amplification by
interphase FISH technique using the PathVysion HER-2/neu
DNA Probe Kit (LSI HER-2/neu Spectrum Orange/CEP17
Spectrum Green).

Single Nucleotide Polymorphism (SNP)

Genomic DNA from 56 patients were isolated from white
blood cell (WBC) fraction (also called buffy coat or PBMC)
using a QIAamp DNA Blood Mini Kit (Qiagen, Germany).
Then the region of interest of the five annotated single-
nucleotide polymorphisms (SNPs) in the HER2 gene
(−3444C > T, −1985 G > T, I655A A > G, P1170A C > G,
rs1810132 STR C > T) was amplified using custom polymer-
ase chain reaction (PCR) primers. Sanger sequencing was
performed on a 3730xl DNA Analyzer (Applied
Biosystems) using BigDye™ Terminator v3 chemistry
(Applied Biosystems). Mutation analysis was performed
using SeqScape®Software v2.5 (Applied Biosystems).

HER2 Extracellular Domain (ECD)

Plasma samples from 75 patients were obtained at baseline,
24–48 h post-dose, and end of cycle 1. Plasma circulating
ECD/HER-2 was determined using a sandwich enzyme-
linked immunosorbent assay (ELISA c-erbB2/c-neu Rapid
Format Elisa kit QIA10™ Calbiochem®) for the extracellular
domain of p185 to determine whether a soluble oncoprotein
fragment can be detected in the plasma of cancer patients. A
cutoff value of 5 ng/mL was used to distinguish individuals
with elevated levels versus normal.

Statistical analysis

Analyses were descriptive and exploratory. Within-
patient comparisons were analyzed using paired t-tests
and Wilcoxon signed rank tests. Between-patient com-
parisons were analyzed using unpaired t-tests and
Mann–Whitney tests. Correlations were assessed using
either Pearson or Spearman correlation analyses. Non-
parametric analyses were chosen when data were clearly
not normally distributed and/or had clear outliers.
Survival analysis was performed using Kaplan-Meier.
Analysis of VEGF SNPs was performed using SPSS
19 computer software (SPSS Chicago, IL). Many of
the analyses were based on small numbers of patients,
and care must be taken when interpreting non-
statistically-significant results. Due to the exploratory
nature of the analyses, no adjustment was made for
multiple testing.

Results

Demographics

Ninety-four patients with advanced metastatic cancer were
enrolled (Table 2), 58 of which were women (61.7 %). All
patients were pretreated, with a median of four prior systemic
therapies (range 1–18). The median age was 60 years. Seventy-
four patients (79 %) had archived tissue available for one or
more molecular tests. None of 45 patients (0 %) tested demon-
strated EGFR mutation; seven of 22 patients (32 %) demon-
strated KRAS mutation; one of 10 patients (10 %) demonstrat-
ed c-MET mutation; three of 24 patients (13 %) demonstrated
PIK3CAmutation; forty-four of 66 patients (67%) demonstrat-
ed HER2 amplification; nineteen of 38 patients (50 %) demon-
strated positive ER expression; ten of 35 patients (29 %) dem-
onstrated positive PR expression; two of 11 patients (18 %)
tested had loss of PTEN expression.

Adverse events

Thirty patients (32 %) did not experience a drug-related tox-
icity, and 44 patients (47 %) experienced no drug-related
toxicity higher than grade 1. The most common treatment-
related grade 2 or higher adverse events were diarrhea (n=33,
35%) and hypertension (n=10, 11%) (Table 1). Eight patients
experienced dose-limiting toxicity (DLT) due to diarrhea (n=
8, dose levels 7, 10, 11, 12), and nausea and vomiting (n=1,
dose level 12). Twenty patients (21 %) required dose reduc-
tion for toxicity and eight patients (9 %) withdrew due to
toxicity. No deaths resulted from adverse events.

Dose reduction was required in 20 out of 94 patients (21 %)
due to one or more toxicities. Toxicities requiring dose reduction
included diarrhea (n=17), hypertension (n=1), fatigue (n=1), rash
(n=1), nausea (n=1), skin fissure (n=1), decreased left ventricular
ejection fraction (n=1), and hand and foot syndrome (n=1).

There were no DLTs experienced at dose levels 1 through
6. At dose level 7, one out of six patients experienced grade 3
diarrhea. There were noDLTs experienced at dose levels 8 and
9. At dose level 10, one out of eight patients experienced
grade 3 diarrhea. At dose level 11, one out of nine patients
experienced grade 3 diarrhea. At dose level 12, five out of 38
patients experienced grade 3 diarrhea, one out of 38 patients
experienced grade 3 nausea and grade 3 vomiting. The full
FDA-approved doses were reached without identifying an
MTD. Therefore, the recommended phase 2 dose (RP2D)
was determined to be level 12 [40], which includes
bevacizumab (15 mg/kg IV every 3 weeks), trastuzumab
(loading dose =8 mg/m2 IVevery 3 weeks; maintenance dose
=6 mg/m2 IVevery 3 weeks), and lapatinib (1,250 mg daily).
Once the RP2D was determined, dose level 12 was further
expanded to include up to 14 additional patients per specific
tumor type that had CR, PR, or SD >4 cycles. These tumor
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types included breast, gallbladder/cholangiocarcinoma, gas-
tric/esophageal, ovarian/fallopian tube, pancreatic, salivary
duct, and non-melanoma skin cancers.

Antitumor activity

Ninety-four patients are included in the response data (Fig. 1).
Three patients withdrew before the first restaging assessment
due to toxicity. These three patients and any patients with
early clinical progression are depicted as 21 % increase by
RECIST (Fig. 1) and are considered treatment failures.
Patients with non-measurable disease that achieved best re-
sponse of stable disease are depicted on the figure as +0.5 %.

A CR was observed in one patient (1 %) with breast cancer
lasting 11 months. Eight patients (9 %) achieved a PR, one of
which was unconfirmed. The patients with a confirmed PR
had breast cancer (n=6; 4, 5, 6, 8, 11, and 15 months) and

HER2-amplified salivary duct cancer (n=1; 27+ months). The
salivary duct cancer patient with a PR for 27+ months was still
on study at the time of submission. The patient with uncon-
firmed PR had HER2-positive breast cancer. One patient with
HER2-negative breast cancer achieved partial response and
had 2+HER2 expression on immunohistochemistry. A patient
with non-small cell lung cancer and a HER2 exon 20mutation
(insertion 774–775 AYVM) achieved disease stability lasting
8 months, including marked cavitation of some lung metasta-
ses [41]. An additional 13 patients (15 %) achieved SD lasting
at least 6 months. The diagnoses of these patients were gall-
bladder (n=1), pancreatic (n=4), cholangiocarcinoma (n=1),
skin (n=1), breast (n=5), and ovarian (n=1) cancers.

Prior antiangiogenic and HER2 inhibitor therapy and response

Of all 94 patients on study, 42 patients (45 %) did not receive
prior bevacizumab, lapatinib, or trastuzumab. Thirteen pa-
tients (14 %) had received prior bevacizumab but no prior
lapatinib or trastuzumab; 12 patients (13%) had received prior
trastuzumab but no prior bevacizumab or lapatinib; 24 patients
(26 %) had received prior trastuzumab and lapatinib (seven in
combination, 17 sequential treatment); two patients (2 %) had
received prior bevacizumab and trastuzumab (one in combi-
nation, one sequential treatment); and one patient (1 %) re-
ceived sequential bevacizumab and lapatinib.

Of the 42 patients who did not receive prior bevacizumab,
lapatinib, or trastuzumab, five (12 %) had SD ≥6 months. Of
the 24 patients who received prior trastuzumab and lapatinib,
four (17 %) had SD ≥6 months, four (17 %) had a PR, and one
(1%) had a CR. These patients received prior trastuzumab and
lapatinib in combination and in sequential treatments. Of the
12 patients that received prior trastuzumab but no prior
bevacizumab or lapatinib, two (2 %) had SD ≥6 months and
four (17 %) had a PR. Of the 13 patients who had received
prior bevacizumab but no prior lapatinib or trastuzumab, no
significant responses were seen. This was the same for the two
patients (2 %) who received prior bevacizumab and
trastuzumab and one patient (1 %) who received sequential
bevacizumab and lapatinib.

Of the 8 patients with PR, four (50 %) had received prior
trastuzumab and lapatinib. The remaining four patients with
PR (50 %) had received prior trastuzumab. The one patient
with a CR had received prior trastuzumab and lapatinib.
Therefore, prior treatment did not preclude PR or CR.

Brain metastases and response

Of the 18 patients with brain metastases, 5 (28 %) achieved
PR and 3 (17 %) achieved SD ≥6 months, with the longest
duration being 27+ months and 18 months respectively.
Therefore, the presence of brain metastases did not preclude
PR or SD ≥6 months.

Table 2 Patient characteristics

Characteristic Total

Number of patients 94

Median age 60 years (Range 28–84)

Sex

Male 36/94 (38.3 %)

Female 58/94 (61.7 %)

ECOG PS

0 12/94 (12.8 %)

1 77/94 (81.9 %)

2 5/94 (5.3 %)

Prior treatment

Surgery 56/94 (59.6 %)

Radiation 46/94 (48.9 %)

Chemotherapy 93/94 (98.9 %)

Phase I trial 36/94 (38.3 %)

Median number of prior systemic treatments 4 (Range 1–18)

Diagnosis

Pancreatic 32

Breast 31

Esophageal/Gastric 6

Ovarian/Fallopian tube 4

NSCLC 3

Salivary Duct 3

Bladder/Urothelial 2

Colorectal 2

Other* 11

Abbreviations: ECOG Eastern Cooperative Oncology Group; NSCLS
non-small cell lung cancer; PS performance status; SCC squamous cell
carcinoma

*anaplastic ependymoma, cervical, cholangiocarcinoma, gallbladder,
glioblastoma, hidradenocarcinoma, prostate, vulva SCC, right tongue
SCC, skin, unknown primary (one patient each)
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Dosing and response

Of the 55 patients on dose levels 10 to 12 (Table 1), 14 (25 %)
achieved SD ≥6months/PR. For the 39 patients treated at dose
levels one to nine, nine (23 %) achieved SD ≥6 months/PR/
CR. Response rate and SD ≥6 months was the same for dose
levels 1–9 versus dose levels 10–12 (23 % vs. 25 % respec-
tively, p=1.00).

Molecular aberrations and response

Of the 94 patients on study, 43 (46 %) were HER2-positive by
FISH. One HER2-positive patient (2 %) with breast cancer
achieved a CR, seven HER2-positive patients (16%) (six with
breast cancer and one with salivary duct cancer) achieved a
PR, and ten patients (23 %) (five with breast cancer and one
each with non-melanoma skin, pancreatic, ovarian, gallblad-
der, and cholangiocarcinoma) achieved SD ≥6 months. One
patient with non-small cell lung cancer had a HER2 mutation
at exon 20 and achieved SD for 9 months. Twenty-two pa-
tients (23 %) were HER2-negative and 28 patients (30 %)
were not tested for HER2 amplification or mutation. One
HER2-negative breast cancer patient (5 %) achieved a PR,
and one HER2-negative pancreatic cancer patient (5 %)
achieved SD ≥6 months. Two patients (7 %) who were not
tested for HER2 amplification achieved SD ≥6 months, both
with pancreatic cancer.

Of the 45 patients tested, all were EGFR wild type, and 15
(33 %) achieved SD≥6 months/PR/CR.

The tumors of 20 patients (51 %) were estrogen
receptor positive and/or progesterone receptor positive
including breast (n=15), ovarian/fallopian tube (n=3),

pancreatic (n=1), and melanoma (n=1), while 17 pa-
tients (49 %) were negative for both. Achievement of
SD≥6 months/PR/CR was observed in six of the 20
patients (30 %) that had estrogen receptor positive and/
or progesterone receptor positive tumors, versus ten of
the 17 patients (59 %) that had tumors that were both
estrogen and progesterone receptor negative (p=0.10).

HER2 correlates and response

HER2 extracellular domain (ECD) levels were evaluated
in 75 patients, and HER2 single nucleotide polymor-
phisms (SNPs) were evaluated in 56 patients. A signif-
icant difference was observed between baseline HER2
ECD levels of responders (SD≥6 months/PR) (n=20)
and nonresponders (n=55) (59 ng/mL vs. 10 ng/mL,
p=0.005). In addition, a significant difference was ob-
served in percent decrease of HER2 ECD levels at 24–
48 h between SD≥6 months/PR and nonresponders
(93 % vs. 82 %, p=0.049). In contrast, no significant
difference was observed in HER2 ECD levels or percent
change at end of cycle 1 between SD≥6 months/PR and
nonresponders. SD≥6 months/PR rate was higher in
patients with elevated baseline HER2 ECD (>5 ng/mL)
(n=25) vs. normal baseline HER2 ECD (≤5 ng/mL) (n=
50) (48 % vs. 16 %, p=0.003). Time to treatment
failure (TTF) was also longer in patients with elevated
baseline HER2 ECD (>5 ng/mL) vs. normal baseline
HER2 ECD (≤5 ng/mL) (4.2 months vs. 1.4 months,
p=0.038). No significant difference in SD≥6 months/
PR/CR rate or TTF was observed when compared with
each of the five HER2 SNPs.
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Fig. 1 3D-Waterfall plot showing best response as determined by
RECIST and time on study in 94 patients. The x-axis represents each
patient. The y-axis indicates percent change in tumor size by RECIST.
Patients who experienced at least 15 % tumor regression are color coded
by tumor type. Patients with early clinical progression or new lesions and
those that withdrew early due to toxicity are indicated arbitrarily as +21%

and are denoted with a star (*) and a “ ”, respectively. Additional infor-
mation, including HER2 aberrations and non-measurable stable disease
are also noted. The treatment duration (months) for each patient is
depicted by the grey bars on the z-axis. The patient still on study at the
time of submission is denoted with an arrow
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Discussion

In this study, we report the results of a phase I dose-escalation
trial of combination trastuzumab, lapatinib, and bevacizumab.
The combination was well-tolerated, with successful escalation
to the FDA-approved doses of all three drugs without reaching
a maximum tolerated dose (MTD). The most common toxicity
observed at the recommended phase 2 dose (RP2D) was diar-
rhea (35 %), which attributed primarily to the lapatinib. This
diarrhea was managed easily in most patients with anti-diarrhea
medication but required dose reduction (18 %) or treatment
discontinuation (1 %) in a minority of patients. The prevalence
and severity of diarrhea was similar to what has been reported
previously in lapatinib monotherapy studies [42]. Although
previous studies combining trastuzumab with lapatinib demon-
strated poor tolerance of lapatinib doses above 1,000 mg, pa-
tients in our study tolerated 1,250 mg, possibly because of
earlier and more aggressive intervention [35, 36].

Response (SD ≥6 months/PR/CR) was achieved in 50% of
heavily pretreated breast cancer patients in this study. These
patients had all received prior trastuzumab and the majority
prior lapatinib [43]. Despite failing prior concurrent or se-
quential trastuzumab and lapatinib treatment, these patients
continued to achieve SD≥6 months/PR/CR with the addition
of bevacizumab to the treatment combination.
Overcoming resistance to prior concurrent trastuzumab
and lapatinib and achieving longer treatment duration
wi th combinat ion t ras tuzumab, lapa t in ib , and
bevacizumab suggests that bevacizumab contributes to
this HER2 treatment combination. Recent data suggests
that bevacizumab is not effective in breast cancer, as
demonstrated in well-designed randomized trials of unselect-
ed patients [44, 45]. However, it is conceivable that specific
combinations such as those used herein might have activity or
that subsets of patients may benefit. Prospective trials would
need to address this issue.

Responses in non-breast cancer patients with HER2
aberrations were notable. A HER2-amplified salivary
duct cancer patient in this study achieved resolution
of measurable disease and minimal residual nonmea-
surable disease for 27+ months. This patient was
heavily pretreated with trastuzumab used in combina-
tion with radiation therapy or cytotoxic chemotherapy
after which his tumor progressed suggesting that the
combination overcame prior resistance to trastuzumab
[46]. A HER2-mutant non-small cell lung cancer pa-
tient also achieved prolonged stable disease on this
study combination, after progressing on prior systemic
chemotherapy [41]. Combining bevacizumab and
lapatinib with trastuzumab yielded salutary effects in
these patients and suggests the activity of this treat-
ment combination is not isolated to HER2-positive
breast cancer patients alone.

Brain metastases are common in many HER2-positive
cancers, and unfortunately, more effective treatments for brain
metastases are needed. In a preclinical study, an anti-VEGFR2
antibody was combined with trastuzumab and lapatinib and
significantly slowed growth and increased necrosis in brain
metastases [47]. In our study, one of the four patients with
progressing brain metastases at the time of enrollment
achieved an unconfirmed PR and received treatment for
6 months. Overall, eight of 18 patients with brain metastases
attained SD≥6 months/PR, demonstrating that the presence of
brain lesions did not preclude response.

Previous studies have demonstrated an association
between HER2 single nucleotide polymorphisms
(SNPs) and the risk of developing breast, lung, and
gastric cancer [48, 49]. Our analysis revealed no asso-
ciation between these HER2 SNPs and SD≥6 months/
PR/CR rate or time to treatment failure. Our study is
limited by small sample size and heterogeneous patient
population, but future studies may consider exploring
HER2 SNPs for potential prognostic value.

Consistent with previous studies [50], we found that ele-
vated baseline plasma circulating HER2 extracellular domain
(ECD) was associated with SD≥6 months/PR rate and time to
treatment failure. Further study of the value of this assay
across tumor types is warranted.

Our study has several important limitations. Patients re-
ceived different doses of drug, consistent with an early phase
trial. On the other hand, we did not see a difference in the rate
of SD≥6 months/CR/PR at higher versus lower doses. The
number of patients with each tumor type was small, and larger
studies will need to be done to ascertain if response signals
observed herein translate to meaningful efficacy. Finally, the
analysis of the biologic correlates was retrospective and also
limited by sample size.

In conclusion, the combination of trastuzumab,
lapatinib, and bevacizumab is well-tolerated at full FDA-
approved doses of each drug, and the combination has
demonstrated clinical activity in patients with heavily pre-
treated, advanced malignancy. HER2 ECD levels correlat-
ed with SD≥6 months/PR and time to treatment failure.
Most patients who achieved SD≥6 months/CR/PR had
HER2 positive breast cancer and showed salutary effects
despite previous treatment with trastuzumab +/− lapatinib.
Other disease categories also achieved SD≥6 months/PR
including a patient with non-small cell lung cancer har-
boring a HER2 mutation at exon 20, a patient with
HER2+ salivary duct cancer, and patients with HER2-
negative breast and pancreatic cancer (n=1 of each). On
this basis and the observation that the regimen was well
tolerated and that heavily-pretreated patients who had pre-
viously progressed on anti-HER2 and anti-angiogenic
treatment strategies attained SD≥6 months/CR/PR, further
evaluation of this combination is warranted.
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