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Abstract

Purpose This phase I trial evaluated the maximum tolerated dose, safety and preliminary efficacy of lapatinib, a HERI,
HER?2 dual kinase inhibitor plus bortezomib, a proteasome inhibitor, in adult patients with advanced malignancies.

Methods Patients were enrolled in a standard 3 + 3 design with lapatinib (L) 750, 1000, 1250 or 1500 mg daily, and bort-
ezomib (B) 0.7, 1.0, 1.3 or 1.6 mg/m? for 3 weeks with 1 week off. Dose-limiting toxicities (DLT) were assessed during the

first 28 days

Results Fifteen patients received the combination of lapatinib and bortezomib in three different cohorts and ten were evalu-
able for DLT. There were no DLTs. Anorexia was the most common adverse event. Biomarker analysis showed upregulation
of p27 expression with lapatinib and the combination. No tumor response was observed and thus the study was closed early.
Conclusion The combination of lapatinib and bortezomib was well tolerated but no complete or partial tumor responses

were observed at the dose levels tested.
ClinicalTrials.gov Identifier NCT01497626.
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Introduction

The ErbB family of growth factor receptors is composed
of classic membrane-bound tyrosine kinase receptors,
whose activation initiates several cell signaling pathways
[1]. These pathways include the Ras—Raf-MAPK pathway,
the PI3K-AKT pathway, the protein kinase C pathway, the
STAT pathway, and the src kinase pathway, all of which play
important roles in tumor cell proliferation, invasion, migra-
tion, and inhibition of apoptosis [2]. Targeting of the ErbB
family receptors has made a significant impact in cancer
care [2].

Lapatinib (Tykerb®, Novartis) is a small molecule dual
kinase inhibitor that targets the EGFR and HER?2 [3]. Lapa-
tinib received approval by the US Food and Drug Adminis-
tration (FDA) to be used in combination with capecitabine
or letrozole in patients with metastatic breast cancer, and
lapatinib has showed significant promise in a variety of other
cancers [4-6]. Despite the genuine promise and improved
clinical outcome with agents that target the ErbB family,
most patients’ tumors are resistant to either the monoclonal
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antibodies (mAbs) or the small molecule inhibitors, suggest-
ing the existence of resistant pathways in tumor cells.

Bortezomib (Velcade®, Millenium Pharmaceuticals, Inc.)
is a proteasome inhibitor FDA approved for use in patients
with multiple myeloma and mantle cell lymphoma [7].
While the ubiquitin—proteasome degradation pathway has
been well described for a number of key regulatory proteins,
the exact anti-tumor mechanisms of bortezomib have never
been clearly understood, but may include effects on NFxB,
the cell cycle proteins, and direct effects on the EGFR [8].

Preclinical data have demonstrated additive or even
synergistic anti-tumor activity with the combination of an
EGFR or HER2 antagonist and bortezomib. For example,
Lorch et al. demonstrated synergistic anti-tumor activity
with the combination of bortezomib and a small molecule
inhibitor of the EGFR [9]. Kesarwala et al., proposed that
one mechanism by which proteasome inhibition enhances
the effects of the anti-EGFR mAbs could be through the
prevention of the normal receptor internalization—degrada-
tion and recycling of the EGFR, thus “trapping” the EGFR at
the cell membrane and maintaining a target for inactivation
by the mAbs and tyrosine kinase inhibitors [10]. Similarly,
Lorch et al. proposed that inhibition of the EGFR results in
increased cell—cell adhesion, and that proteasome inhibition
increases EGFR expression and thus increases the efficacy of
a small molecule EGFR antagonist. An et al. demonstrated
additive inactivation of NFkB as a mechanism for synergis-
tic anti-cancer activity with bortezomib and a small mol-
ecule inhibitor of the EGFR in renal cell cancer cell lines
[11]. Finally, Sloss and Cascone separately demonstrated
a synergistic inhibition of the activation of downstream
mediators of the EGFR signal, particularly phospho-AKT
[12, 13]. Importantly, particularly in the context of colon
cancer, activating mutations in the RAS gene confer an
almost complete resistance to the EGFR mAbs. However,
Luo et al. have elegantly demonstrated that bortezomib can
overcome a constitutive Ras activation, thus rendering even
RAS-mutated cells sensitive to EGFR inhibition [14]. The
proof of concept justifying further study of the combina-
tion of an EGFR antagonist and bortezomib has also been
demonstrated in humans. Dudek et al. performed a Phase I
trial of a combination of cetuximab and bortezomib, with the
bortezomib given on days 1 and 8 of a 21 day cycle at doses
ranging from 1.3 to 2.0 mg/m?. The MTD was not reached.
Thirty-seven heavily pre-treated patients were enrolled with
six patients (16.2%) achieving stable disease at 12 weeks.
Surprisingly, none of the patients entered on the trial had
colorectal cancer, a group for which single agent EGFR inhi-
bition has proven activity [15].

Based on these data, we planned a Phase I trial of lapa-
tinib plus bortezomib in patients with advanced malignan-
cies. Both lapatinib and bortezomib are metabolized through
the CYP 3A4 pathway, and pharmacokinetic interactions
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could exacerbate the toxicity of lapatinib, bortezomib, or
both justifying a phase I trial. We also included extensive
ErbB family and proteasome-related pathway analysis from
fresh tumor biopsies critical to our understanding of the
potential mechanisms of synergistic activity with combina-
tion therapy.

Materials and methods
Patients

Adult patients with refractory solid tumors were enrolled in
an open label, dose-escalation phase I clinical study. Patients
were required to have measurable disease, adequate organ
function, an Eastern Cooperative Oncology Group (ECOG)
performance status of 0-2, life expectancy of greater than
3 months, and adequate hepatic, bone marrow and renal
function. All patients enrolled in the study provided written
informed consent.

Trial design and objectives

The protocol was approved by the oncology-specific sci-
entific review committee and the Georgetown Oncology
Institutional Review Board and monitored by the Lombardi
Comprehensive Cancer Center Data and Safety Monitoring
Committee (DSMC).

The study was designed as a standard 3 + 3 dose-escala-
tion study performed beginning at a reduced dose of both
agents (Table 1). DLTs were defined as any of the follow-
ing events that are possibly, probably, or definitely related

Table 1 Dose-escalation schema

Bortezomib
Cohort | Lapatinib (mg daily) | (mg/m2 weekly)
C -2 750 0.7
c -1 1000 0.7
1 1000 1.0
@ 2 1250 1.0
@ 3 1250 1.3
@ 4 1500 1.3
@ 5 1500 1.6
Lapatinib Bortezomib
Cohort (mg daily) | (mg/m2 weekly)
Expansion Cohort Recommended
10 Patients Phase Il Doses
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to one or both agents and occur within the first cycle of
therapy: (1) Grade 4 neutropenia lasting greater than
5 days or complicated by fever or infection. (2) Grade 4
anemia or thrombocytopenia. (3) Grade 3 or 4 non-hema-
tologic toxicity. For patients with baseline grade 2 elevated
liver enzymes (AST or ALT) due to known intrahepatic
metastases, the DLT was defined only as a grade 4 eleva-
tion of AST or ALT. (4) Any toxicity, regardless of grade,
which results in withholding of therapy for > 3 weeks. Any
patient enrolled who received at least one dose was con-
sidered evaluable for DLTs provided: (1) the patient expe-
rienced a DLT; or (2) the patient is observed on protocol
therapy for at least one cycle without a DLT. All other
patients were considered non-evaluable and replaced. The
DLT evaluation period was until the end of cycle 1 (i.e.,
—7 to day 28 on study).

Patients were enrolled in cohorts of three patients. If
there were no DLTs in the first cohort, then three patients
were enrolled in the next cohort, as detailed in Table 1.
Intra-patient dose escalation was not allowed. If one
patient in any cohort experienced a DLT, then the cohort
was expanded to six patients. If no additional patients
experienced a DLT, then three patients were enrolled in
the next cohort. If 2/6 or greater of the patients experi-
enced a DLT, then the dose level below was considered the
maximum tolerated dose (MTD). Dose de-escalation con-
tingencies were also included (Table 1). Once the RP2D
was established, an additional ten patients were planned
to be treated at the RP2D to provide a more confident
assessment of safety and tolerability, and to provide a pre-
liminary assessment of treatment efficacy.

The primary objective of the study was to identify the
maximally tolerated dose and recommended phase II dose
of bortezomib to be used in combination with lapatinib in
patients with advanced malignancies. Secondary clinical
objectives included evaluation of toxicity, overall response
rate and disease control rate of the combination of bort-
ezomib plus lapatinib in patients with advanced malignan-
cies. Secondary scientific objectives included assessment
of pharmacodynamic effects of lapatinib alone, and in
combination with bortezomib on the HER1, HER2 and
proteasome pathways by phosphoprotein pathway analysis.

Fig. 1 Treatment schedule

Treatment

The starting dose of lapatinib was 1000 mg/day continuously
for 28 days of each 28-day cycle, including an initial run-in
of lapatinib alone (Fig. 1). The run-in dose was started on
day — 7. Patients also received bortezomib IV on days 1, 8,
and 15 of a 28 day cycle. The standard starting dose of bort-
ezomib used in patients with multiple myeloma is 1.3 mg/
m? on days 1, 4, 8 and 11 of a 21-day cycle. However, bort-
ezomib has also been used on a weekly schedule in patients
with solid tumors (e.g. 1.6 mg/m? days 1, 8, 15 of a 28 day
cycle in patients with lung cancer [16]). Therefore, the start-
ing dose of bortezomib used in this study was 1.0 mg/m?>.
Patients were enrolled in a standard 3 +3 alternating dose-
escalating fashion to an intended maximal dose of lapat-
inib of 1500 mg/day, and a maximal dose of bortezomib of
1.6 mg/mz, as detailed in Table 1.

Response and toxicity

Patients were evaluated, including laboratory testing, every
2 weeks until the first restaging analysis. Restaging occurred
every 8 weeks. If at restaging there was no evidence of pro-
gression of disease, as determined by RECIST 1.1 criteria
and the patient was tolerating therapy, then patients could be
seen only every 4 weeks, unless clinically indicated. Patients
remained in the study as long as there was no evidence of
progression of disease (according to RECIST 1.1 criteria)
and the therapy was adequately tolerated.

Adverse events were monitored continuously from the
time of enrolment through 30 days after the last dose of
study drug or until resolution of treatment-related events
whichever was longer. These events were graded using
the NCI CTCAE version 4.0. A drug-related toxicity was
defined as an adverse event or laboratory value outside of
the reference range that was judged by the investigator to be
either “possibly related” or “probably related” to the study
drug. For the purposes of this study, causality assessments
were attributed to lapatinib, bortezomib, or both. Toxicity
was deemed “clinically significant” based on the medical
judgment of the investigator.

Continuous Lapatinib

B
Screening Lapatinib
4 Weeks max  Run-in
7 Days

B B B B B
D8  DIS5 DI ___D8 DI15
Cycle 1 — 28 Days Cycle 2 — 28 Days I
CT Scan

. every 2 cycles
B = bortezomib
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Correlative studies

All patients were required to undergo serial biopsies: prior
to treatment, repeated biopsy after single agent lapatinib and
final biopsy after combination therapy with lapatinib and
bortezomib. Three-core biopsy specimens were collected in
formalin, liquid nitrogen, and a Proprietary Universal Fixa-
tive, developed by Theranostics Health to block fluctuation
in kinases and phosphatases [17]. Reverse phase protein
array (RPPA)-based protein drug target activation mapping
testing and analysis were performed as a joint collaboration
with Theranostics Health in Rockville, MD.

Statistical methods

This was a phase 1 dose-escalation study with a stand-
ard 3+ 3 dose escalation. Therefore, the final sample size
would depend on the number of dose levels and DLTs in
the study. Descriptive statistics were used to summarize
patients’ demographic factors. Evaluation of the toxicities
of the combination of lapatinib and bortezomib were also
only descriptive in nature. Analyses of adverse events (and
serious adverse events) included only “treatment-emergent”
events, i.e., those that have an onset on or after the day of the

Table 2 Patient characteristics

Demographic Result
Total enrolled 15
Age—median (years), range 56.5 (29-74)
Gender—male/female 5 M/10F
Race

White 8

Black

Asian
Primary disease

Gastrointestinal 10

Gynecological

Breast 2

Sarcoma 2

Table 3 Patients who did not complete the DLT evaluation period

first dose of study drug. Analyses did not include those that
have an onset greater than 30 days after the last dose of study
drug. Treatment-emergent adverse events were summarized
by system organ class and preferred term according to the
Medical Dictionary for Regulatory Activities (MedDRA)
adverse event coding dictionary.

Results
Patients

Between September 2011 and December 2015, a total of 17
patients signed consent. Fifteen patients received at least one
dose of study drug and two patients failed screening. Demo-
graphics for these patients are summarized in Table 2. Dura-
tion of treatment ranged from 1 to 6 cycles. Patients were
enrolled in three different cohorts. Of the ten patients evalu-
able for DLTs, three were treated with lapatinib 1000 mg
daily and bortezomib 1 mg/m? weekly for 3 weeks with
1 week off (L1000/B1), six with lapatinib 1250 mg daily
and bortezomib 1 mg/m?* (L1250/B1), and one with lapatinib
1250 mg daily and bortezomib 1.3 mg/m? (L1250/B1.3).

Toxicities by dose level

Of the 15 patients enrolled, 10 patients were evaluable for
DLTs, with no DLTs confirmed. Four of the five patients
who did not complete the DLT evaluation period had pro-
gressive disease in that period (Table 3). The combination
of lapatinib and bortezomib was generally well tolerated,
with no grade 4 toxicities occuring. Treatment-related
toxicities that were experienced by > 10% of subjects are
summarized in Table 4. Anorexia was the most common
side event, occurring in 30% of patients, followed by diar-
rhea, fatigue, mucositis, nausea, headaches and rash, all
experienced by 20% of patients. Patient 009 was initially
considered to have experienced a DLT in cohort 2 with
hyponatremia and dehydration in the setting of diarrhea.
For that reason, this cohort was expanded to six patients.
At the time of the DSMC meeting, the event was reviewed
and adjudicated as not being a DLT and instead attributed

Patient Gender Primary disease Description

003 M Ampullary adenocarcinoma Nausea and vomiting due to disease progression

007 M Gastric cancer Disease progression in the brain, enrolled in hospice

010 F Colon cancer Decline in performance status due to disease progression, enrolled in hospice

011 F Colon cancer Decline in performance status after hospitalization due to urinary tract infection,
enrolled in hospice

016 F Breast cancer Elevated liver function tests due to disease progression, decline in performance status
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Table 4 Incidence and grade of treatment-related toxicities that were
experienced by > 10% of subjects

CTC grade Number of Incidence (%)

——_ - patients who
CTC term 1 2 3 Total experienced

this AE

Anorexia 120 3 3 30
Dehydration 001 1 1 10
Diarrhea 110 2 2 20
Fatigue (asthe- 200 2 2 20
nia, lethargy,
malaise)
Mucositis/stoma- 2 0 0 2 2 20
titis (clinical
exam)
Nausea 101 2 2 20
Pain: head/head- 200 2 2 20
ache
Rash: acne/acnei- 2 0 0 2 2 20
form
Sodium, serum 001 1 1 10
low (hypona-
tremia)
Total 11 3 3 17

to a pre-existing condition. For that reason the following
patient to go on study was enrolled in cohort 3.

Response

Of the 15 patients enrolled, all were evaluable for response.
There were no objective responses by RECIST criteria to
the combination of lapatinib and bortezomib. Two patients
had stable disease, one with rectal cancer in cohort 1 and

the other with breast cancer in cohort 2, for 2 and 6 cycles,
respectively. The second patient had HER?2 positive breast
cancer determined by tumor overexpression of HER2 (IHC
3+) and Her-2/neu gene amplification. She had previously
received eight lines of therapy for metastatic disease includ-
ing anti-HER2 monoclonal antibodies (trastuzumab and
pertuzumab) and an antibody drug conjugate consisting of
trastuzumab covalently linked to the cytotoxic agent DM 1
(ado-trastuzumab emtansine). There was evidence of EGFR
and ERBB2 amplification on liquid biopsy. After enrolling
15 patients and given limited activity of the combination,
the trial was terminated by the funding entity.

Pharmacodynamics

Serial tumor biopsies were evaluable for 12 patients. RPPA-
based analysis evaluated 36 key protein and phosphopro-
teins directly related to drug mechanism of action. Phos-
phoprotein pathway analysis was performed in patient tumor
samples to assess the pharmacodynamic effect of lapatinib
alone and in combination with bortezomib on the HER1
and HER?2 pathways (Fig. 2). Compared to baseline, lapat-
inib alone resulted in an increase in p27 expression by 1.68.
The combination of lapatinib and bortezomib resulted in
an increase in p27 expression by 1.89-fold (p 0.069 com-
pared to baseline). Both with lapatinib and the combination,
there was also a significant increase in the amount of HER2
activation/phosphorylation (Y1248) [1.32 and 1.29, respec-
tively, (p =0.047 compared to baseline)].

Fig.2 Changes in phosphoryl- ErbB2 y1 248 p27
ated peptides of HER2 (y1248) ’
and p27 with exposure to ) 0
lapatinib and bortezomib + lapa- = o . _:_
tinib. B both, L lapatinib alone, 0 _| - f 1
P baseline, ErbB2.y1248 HER2 o T 0 !
activation/phosphorylation - 1 a7 .
(Y1248) 0 ! —— -
' 1] | | 0 _ —
0 _L —hi 7 '
= | T | IR el
= T I T
B L P
B L P
Endpoint P-values Pre_fold Lapat_fold Both_fold
ErbB2.y1248 0.047 1 1.32473427 1.29644245
p27 0.069 1 1.6812632 1.88828652
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Discussion

Numerous investigations over the past decades have dem-
onstrated that targeting the ErbB family receptors has anti-
cancer properties both in preclinical and clinical studies.
However, only a small number of tumors respond to mono-
clonal antibodies (mAbs) or small molecule inhibitors tar-
geting the ErbB family receptors and resistance eventually
develops. Proteasome inhibitors appeared as a potential
way of overcoming resistance to ErbB receptors through
different mechanisms that include prevention of the nor-
mal receptor internalization—degradation and recycling of
the EGFR [10] or increase of EGFR expression [9]. There
is also evidence that lapatinib induces constitutive activa-
tion of NF-kB rendering the tumor cells more vulnerable
to NF-KB inhibition by bortezomib. This effect was seen
with lapatinib but not with other EGFR inhibitors [18].

In our study, the combination was well tolerated and
the MTD was not reached. The toxicity profile observed
in our patients was less than expected and there were no
DLTs. Unfortunately, 33% (5/15) of the patients enrolled
were not evaluable for DLT period which is likely related
to the nature of phase 1 studies where some patients par-
ticipate in a period too advanced of their malignancy.
This is higher than the 16.5% rate of early discontinuation
reported by Hyman et al. [19], although the small sample
size of this study doesn’t allow us to draw any further
conclusions.

At the studied doses, there was no evidence of signifi-
cant clinical efficacy. Only two patients had stable disease.
In the patient with HER?2 positive breast cancer who had
stable disease for 24 weeks, lapatinib is known to have sin-
gle agent activity therefore raising the question of whether
bortezomib had any synergistic effect. Certainly, it did
not appear at the studied doses. The HER?2 status of other
patients was unknown. The lack of significant responses
was disappointing, given the robust findings from pre-
vious in vitro and in vivo experiments [11-14]. One of
the strengths of this study was the success in obtaining
serial biopsies in most patients. With these biopsies we
confirmed that, as expected, the addition of lapatinib led
to an upregulation in p27 expression, further potentiated
with the addition of bortezomib. p27 is a negative regula-
tor of the protein kinase CDK2/cyclin E and can block
the cell cycle at GO/G1 phase [20]. Previous studies have
also demonstrated that lapatinib upregulates p27 expres-
sion through both transcriptional and post-translational
mechanisms and induces G1 cell cycle arrest in various
types of cancer cells [21].

It is intriguing, however, that lapatinib and the combi-
nation with bortezomib led to an increase in the amount
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of HER2 activation/phosphorylation (Y1248). Previous
experiences have shown that lapatinib effectively sup-
pressed activation of HER2 given that lapatinib is a known
HER2 kinase inhibitor [22]. Our results showed increased
activity of HER2 in the on-treatment biopsy compared to
the matched pretreatment sample, and could represent a
resistance mechanism within the tumor cells wherein a
compensatory response to kinase inhibition is obtained
through the upregulating of the substrate itself as a feed-
back mechanism. The study predefined biopsies only offer
us a few time-dependent molecular “snapshots” that do
not allow us to fully understand the temporal perturba-
tion of the phosphoproteome-based dynamics induced by
lapatinib treatment [23]. On the other hand, these find-
ings could be reflective of the fact that the drugs did not
inhibit the target effectively at the studied doses, which
could therefore explain the lack of clinical efficacy. Of
interest, at the studied doses, the addition of bortezomib
to lapatinib only slightly increased the p27 expression or
HER?2 activation/phosphorylation (Y 1248) compared to
lapatinib alone.

The slow accrual of this study was a limitation and it
is possible that we would have seen evidence of synergy
at higher doses. This may have been in part explained by
the challenge to perform serial biopsies. The absence of
clinical efficacy may also be justified by the lack of patient
selection based on HER2 or EGFR status.

In conclusion, the combination of lapatinib and bort-
ezomib was well tolerated but it lacked evidence of clinical
activity and does not support further clinical investigation
of this combination. Currently there are no ongoing tri-
als exploring this combination in any solid tumor. New
generation of proteasome inhibitors with higher clinical
efficacy in combination with inhibitors of the ErbB fam-
ily along with better patient selection may be considered
in the future.
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