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Abstract
Background Varlitinib is a highly potent, small-molecule, pan-HER inhibitor targeting HER1, HER2, and HER4. It has 
demonstrated activity in gastric, biliary tract, and breast cancers.
Objective We conducted a phase Ib dose confirmation study to determine safety and early efficacy signals of varlitinib in 
combination with chemotherapy (paclitaxel ± carboplatin) ± subcutaneous trastuzumab.
Methods Eligible patients had advanced or metastatic solid tumors. A 3+3 dose de-escalation study design was used and 
pharmacokinetic analyses of varlitinib and paclitaxel were performed.
Results Thirty-seven patients were enrolled into eight cohorts with median 4 (0–14) prior lines of palliative systemic thera-
pies. Carboplatin area under the curve 1.5 and paclitaxel 80 mg/m2 weekly with varlitinib 500 mg twice daily continuously 
was de-escalated over four dose levels to 300 mg twice daily intermittently (4 days on, 3 days off) due to dose-limiting tox-
icities, most commonly neutropenia, febrile neutropenia, and electrolyte disturbances, with the triplet combination deemed 
intolerable and unable to be developed further. Varlitinib was then combined with paclitaxel alone; the recommended phase 
II dose of varlitinib was 300 mg twice daily intermittently. The addition of subcutaneous trastuzumab 600 mg was safe with 
no dose-limiting toxicities. Thirty-one patients were evaluable for response: 35.5% partial response, 41.9% stable disease. 
Twenty patients had HER2+ metastatic breast cancer with a median of 4 (0–14) treatment lines, 8/20 continued on single-
agent varlitinib after completing chemotherapy for a median of 5.1 (range 2.0–13.3) months. A pharmacokinetic analysis 
showed that plasma exposure of varlitinib was dose dependent. Varlitinib administration did not significantly affect the 
maximum concentration or area under the curve of paclitaxel.
Conclusions The recommended phase II dose of varlitinib with paclitaxel is 300 mg twice daily intermittently dosed. This is 
active in HER2+ metastatic breast cancer. Subcutaneous trastuzumab can be added safely to varlitinib and paclitaxel. This 
combination is currently being evaluated as neoadjuvant therapy in HER2+ breast cancer (NCT02396108).
Clinical Trial Registration: NCT02396108, date of registration: 25 March, 2015.
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Key Points 

The recommended phase II dose of varlitinib in combi-
nation with weekly paclitaxel with or without subcutane-
ous trastuzumab is 300 mg dosed intermittently.

Activity in heavily pretreated HER2+ metastatic breast 
cancer is promising with a clinical benefit rate of 81.3% 
and a partial response rate of 56.3%.

Varlitinib was well tolerated and did not significantly 
affect the pharmacokinetics of paclitaxel.

1 Introduction

Up to 20% of patients with breast cancer have HER2-ampli-
fied tumors and strategies to block HER2 signaling pathways 
have been developed to improve treatment of these patients 
[1, 2]. HER2 is a member of the human epidermal growth 
factor receptor (EGFR) family [3–5]. Activated members of 
the EGFR family (HER1, HER2, and HER4) lie upstream 
of several signal transduction pathways, which orchestrate 
excessive proliferation and uncontrolled cell growth, and 
are responsible for the development of many malignancies 
[6–8].

The first drug targeting HER2 approved by the US Food 
and Drug Administration was trastuzumab, a humanized 
monoclonal antibody that binds to the extracellular domain 
of HER2 [9, 10]. Small molecules that specifically inhibit 
EGFR tyrosine kinases were later developed, including lapa-
tinib that inhibits the intracellular domains of both HER1 
and HER2, and neratinib that irreversibly binds to HER1, 
HER2, and HER4 [11–15].

Varlitinib is a highly potent, orally administered, small-
molecule inhibitor targeting HER1, HER2, and HER4 [16]. 
Varlitinib inhibits the phosphorylation and activation of 
these receptors, and has demonstrated activity in gastric, 
biliary tract, and breast cancers [17–21]. It has been granted 
orphan drug designation in the USA since 2015 for the treat-
ment of cholangiocarcinoma and gastric cancer [22].

The half maximal inhibitory concentration of varlitinib 
for inhibiting the phosphorylation of HER1, HER2, and 
HER4 are 7nM, 2nM, and 4nM, respectively, which is lower, 
and thus more potent, than other small-molecule EGFR 
inhibitors such as lapatinib (HER1: 10.8 nM, HER2: 9.3 
nM) and neratinib (HER1: 12 nM, HER2: 39 nM, HER4: 
19 nM) [17, 23–26]. In prior studies of varlitinib as mono-
therapy (ARRAY 543-103) and as combination therapy with 
docetaxel (ARRAY 543-104), the continuous dose of 500 

mg twice a day was found to be the maximum tolerated dose 
(MTD) [26].

The primary objective of this phase Ib study is to deter-
mine the MTD of varlitinib when combined with carboplatin 
and paclitaxel in patients with metastatic solid organ malig-
nancies. The secondary objectives are to evaluate the safety 
of combining varlitinib with chemotherapy and trastuzumab, 
and early efficacy signals.

2  Patients and Methods

2.1  Patient Eligibility

Eligible patients were required to have advanced or meta-
static solid organ malignancies of any histologic type with 
evaluable disease defined by Response Evaluation Criteria 
in Solid Tumors, for which treatment with weekly paclitaxel 
and carboplatin was deemed indicated by their physician. 
Patients were 21 years of age and above, had a Karnofsky 
Performance Status or 70 or higher, an estimated life expec-
tancy of at least 12 weeks, and adequate organ and bone 
marrow function before study enrollment. This was defined 
as an absolute neutrophil count ≥1.5 ×  109/L, platelets ≥100 
×  109/L, total bilirubin ≤1.5 times the upper limit of normal, 
aspartate transaminase and alanine transaminase ≤2.5 times 
the upper limit of normal, calculated creatinine clearance of 
>30 mL/minute, and a left ventricular ejection fraction of 
≥50% measured by a transthoracic echocardiogram or multi-
gated acquisition scan. All patients had to be able to swallow 
tablets, and provide written informed consent. Patients with 
reproductive potential had to use an approved contraceptive 
method during and for 3 months after the study. Female indi-
viduals with childbearing potential were required to have a 
negative serum pregnancy test within 7 days prior to enroll-
ment into the study.

Exclusion criteria included clinically detectable second 
primary malignancies, poorly controlled diabetes mellitus, 
active hepatic or biliary disease (except patients with Gil-
bert’s syndrome, asymptomatic gallstones, or stable chronic 
liver disease as assessed by the investigator), concurrent 
administration of other anti-tumor therapies including cyto-
toxic chemotherapy, endocrine therapy, and immunotherapy 
within 21 days prior to study drug administration, serious 
cardiac disease (left ventricular ejection fraction < 50%, 
high-risk uncontrolled arrhythmias, significant ischemic 
heart disease, significant valvular heart disease, poorly con-
trolled hypertension), or serious medical conditions. Patients 
who had an active infection that would compromise the abil-
ity to tolerate therapy, or had major surgery within 28 days 
of planned study drug administration, or were breastfeed-
ing, or had a history of significant neurological or mental 
disorders, including seizures or dementia, were ineligible.
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2.2  Study Design

All study participants were enrolled from a single institu-
tion, the National University Cancer Institute, Singapore. 
Patients were enrolled between April 2015 and December 
2017. Data were collected up till December 2018. This trial 
was approved by the institutional review board prior to com-
mencement. This single-arm, open-label phase I trial was 
conducted in three sequential cohorts: varlitinib adminis-
tered in combination with carboplatin are under the curve 
(AUC) 1.5 and paclitaxel 80 mg/m2 dosed weekly in cohort 
A, varlitinib in combination with single-agent paclitaxel 80 
mg/m2 dosed weekly in cohort B, and varlitinib in combi-
nation with paclitaxel 80 mg/m2 dosed weekly and subcu-
taneous trastuzumab 600 mg administered every 3 weeks 
(cohort C; Table 1 of the Electronic Supplementary Mate-
rial [ESM]). The initial starting dose of varlitinib was 500 
mg twice daily administered with a continuous daily dos-
ing schedule. This dose was selected as the starting dose 
based on previous studies of varlitinib as monotherapy and 
as combination therapy with docetaxel. A dose de-escala-
tion study design was planned to be employed in the event 
the 500-mg twice-daily dose was found to be intolerable 
in combination with weekly carboplatin and paclitaxel. 
As the eventual intention is to develop the combination as 
neoadjuvant therapy in HER2+ breast cancer, if the triplet 
combination was deemed to be intolerable, it was planned 
to open cohorts studying the combination of varlitinib with 
weekly paclitaxel, dropping carboplatin from the combina-
tion as paclitaxel is the standard chemotherapy backbone 
drug in HER2+ breast cancer. Depending on the number of 
patients developing dose-limiting toxicities (DLTs), the dose 
of varlitinib could be escalated in these cohorts to find the 
MTD. In some of the subsequent dose levels, varlitinib was 
administered intermittently, 4 days per week, starting 24–36 
h after and ending 24–36 h before each weekly paclitaxel 
dose administration.

Using a modified 3+3 design, patients were enrolled in 
cohorts of three to six patients. If two or more of six patients 
developed DLTs, three subjects were enrolled into the next 
lower dose cohort. If DLTs were observed in one of three 
subjects in the cohort, or if two or more subjects experienced 
drug-related adverse events (AEs) of more than or equal to 
grade 2, an additional three subjects were enrolled at the 
same dose level. Cohorts were enrolled at de-escalating dose 
levels until the MTD was identified, defined as the dose level 
at which DLTs developed in fewer than one of three, or two 
of six patients.

Dose-limiting toxicity was defined as any of the fol-
lowing: grade 4 neutropenia lasting ≥ 7 days, grade 3 and 
above febrile neutropenia or neutropenic infection, grade 4 
thrombocytopenia, grade 3 thrombocytopenia lasting for ≥ 7 
days, grade 3 and above nausea, vomiting or diarrhea despite 

optimal use of anti-emetic and anti-diarrheal medications, 
grade 2 abnormal alanine transaminase or aspartate transam-
inase in the presence of grade 2 raised bilirubin attributed 
to study treatment with or without signs and symptoms of 
drug-induced liver injury, or any other grade 3 or 4 treat-
ment-related non-hematological toxicities except alopecia. 
If patients received less than 75% of the intended varlitinib 
dose because of any toxicities during cycle 1, they were also 
deemed to have a DLT. Patients who had received at least 
four cycles of varlitinib in combination with chemotherapy 
and are benefitting from the treatment regimen (sustained 
stable disease or objective response) and who experience 
unacceptable toxicity from paclitaxel/carboplatin may dis-
continue paclitaxel/carboplatin and be maintained on anti-
HER2 therapy alone with single-agent varlitinib (with or 
without trastuzumab for cohort C) until documented disease 
progression or unacceptable toxicity.

2.3  Study Assessments

Safety evaluations occurred weekly during cycle 1 and on 
the first day of each subsequent 3-weekly cycle. Evaluations 
included physical examination and laboratory tests (hematol-
ogy and blood chemistries: bilirubin, alanine transaminase, 
aspartate transaminase, creatinine, electrolytes). Adverse 
events were graded according to the Common Terminol-
ogy Criteria for Adverse Events version 4.03 following each 
cycle of treatment.

Radiological assessments were conducted during screen-
ing, after every 2 cycles (6 weeks) for the first four cycles, 
and every three cycles (9 weeks) thereafter with computed 
tomography of the thorax, abdomen, with or without pel-
vis. Repeat isotope bone scans were performed every 9–12 
weeks if there were known bone metastases or clinical sus-
picion of new bony metastases. In addition, at the discretion 
of the investigator, other imaging modalities were used if 
clinically indicated. Lesions were evaluated using Response 
Evaluation Criteria in Solid Tumors version 1.1.

Patients were treated until disease progression, intolerable 
toxicities, or subject withdrawal. In the presence of intoler-
able toxicities to one or more drugs in the regimen but not 
all study drugs, the drug in question may be discontinued 
and the other drug(s) continued until disease progression or 
intolerable toxicity, if the patient is deemed to be benefiting, 
at the discretion of the investigator.

2.4  Pharmacokinetic Assessments

Pharmacokinetic assessments were carried out for pacli-
taxel and varlitinib during the first cycle of administration 
of treatment. Seven-timepoint pharmacokinetic analyses of 
paclitaxel was performed on cycle 1 day 1 and cycle 1 day 8 
at 0, 0.5, 1, 2, 5, 7, and 24 h after paclitaxel administration.
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For patients receiving continuous daily dosing of varli-
tinib, seven-point pharmacokinetic analyses of varlitinib was 
performed on cycle 1 day 1 and cycle 1 day 8 at 0, 0.5, 1, 2, 
5, 7, and 24 h after varlitinib administration. For patients in 
whom varlitinib was administered intermittently, the seven-
point pharmacokinetic analyses was carried out on cycle 
1 day 5 after dosing of varlitinib. The timepoints at which 
blood was taken for this analysis was at 0, 0.5, 1, 2, 5, 7, 
and 24 h.

3  Results

3.1  Patient Characteristics (Table 1)

A total of 37 patients were enrolled between April 2015 
and December 2017; two had advanced non-metastatic 
breast cancer and received study treatment as neoadju-
vant therapy; all others received the treatment as palliative 

systemic therapy. The most common tumor type was breast 
cancer (n = 28; 75.6%) with 20/37 (54%) patients having 
HER2+ breast cancer. Patients were heavily pretreated, with 
a median of four prior lines of palliative systemic therapies 
(range 0–14). Other tumor types include lung, pancreatic, 
colon, nasopharyngeal, cervical, endometrial, and malig-
nant peripheral nerve sheath cancers. Eighteen patients were 
treated in cohort A (varlitinib + carboplatin + paclitaxel), 
16 in cohort B (varlitinib + paclitaxel), and three in cohort 
C (varlitinib + paclitaxel + trastuzumab).

3.2  Dose De‑Escalation and MTD

In cohort A (varlitinib + carboplatin + paclitaxel), 18 
patients were enrolled at four dose levels, starting with 
varlitinib 500 mg continuously (level A1, n = 3), then de-
escalating to 400 mg continuously (level A2, n = 5), 400 
mg intermittently (level A3, n = 4), and 300 mg intermit-
tently (level A4, n = 6). All four dose levels within this 

Table 1  Baseline patient demographics and characteristics (n = 37)

Characteristics Number (%)

Sex
 Male 6 (16.2%)
 Female 31 (83.7%)

Age (years)
 Median 56.8
 Range 31–74

Prior palliative systemic treatment (no. of lines) Median: 4 (range 0–14)
 0 2 (5.4%)
 1 3 (8.1%)
 2 6 (16.2%)
 3 6 (16.2%)
 4 4 (10.8%)
 5 or more 14 (37.8%)

Study treatment as neoadjuvant therapy 2 (5.4%)
Prior exposure to:
 Paclitaxel 18 (48.7%)
 Docetaxel 16 (43.2%)
 Carboplatin 15 (40.5%)
 Carboplatin + paclitaxel 6 (16.2%)

HER2 directed therapy 22 (59.5%)
Tumor type Cohort A Cohort B Cohort C Total
 Breast 14 (2 neoadjuvant) 11 3 28
 Cervix 1 1 0 2
 Non-small cell lung 1 1 0 2
 Pancreas 1 0 0 1
 Endometrial 0 1 0 1
 Nasopharynx 0 1 0 1
 Colon 0 1 0 1
 Malignant peripheral nerve sheath 1 0 0 1
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cohort were deemed intolerable, with 3/3, 3/5, 2/4, and 2/6 
patients at levels A1, A2, A3, and A4, developing DLTs 
respectively (Table 2). The most common DLTs were G3/4 
neutropenia (n = 6; 33.3%); G3 hyperbilirubinemia occurred 
in one patient.

As it was deemed not clinically meaningful to reduce the 
dose of varlitinib to less than 300 mg intermittently, the tri-
plet combination of varlitinib, carboplatin, and paclitaxel 
was declared intolerable and could not be developed further. 
The combination of varlitinib with single-agent paclitaxel 
was studied next in cohort B.

Sixteen patients were treated at three dose levels in cohort 
B, starting with varlitinib 300 mg intermittently, 4 days on, 3 
days off, with weekly paclitaxel (level B1), then escalating to 
level B2 (varlitinib 400 mg intermittent dosing) and level B3 
(varlitinib 300 mg continuous dosing). Level B1 was toler-
able with 0/6 DLTs, while levels B2 and B3 were deemed 
intolerable, with 2/4 and 2/6 DLTs, respectively. The most 
common DLTs were G3/4 neutropenia (n = 3; 18.8%), G3 
transaminitis (n = 1; 6.25%), and G3 diarrhea (n = 1; 6.25%) 
(Table 2). The dose level of intermittent dosing varlitinib at 
300 mg twice daily (days 3–6 each week) in combination 
with weekly paclitaxel (80 mg/m2 on days 1, 8, and 15 of 
a 21-day cycle) was thus determined to be the maximum 

tolerated and recommended phase II dose.
Having established the recommended phase II dose of 

varlitinib with weekly paclitaxel, we proceeded to determine 

the safety of adding 3-weekly subcutaneous trastuzumab 
600 mg to the combination in cohort C given on day 1 of 
each 3-weekly cycle. Three patients were treated in cohort 
C without any DLTs. Thus varlitinib dosed at 300 mg inter-
mittently with weekly paclitaxel and 3-weekly subcutaneous 
trastuzumab 600 mg was determined to be the recommended 
phase II dose for the triplet combination. The DLTs of all 
three cohorts are summarized in Table 2.

3.3  Safety and Tolerability

Table 3 summarizes the treatment-related AEs observed. 
Overall, the most common any grade AEs were diarrhea 
(70.2%), fatigue (67.5%), and neutropenia (45.9%). The most 
frequent grade 3 and above AEs were neutropenia (40.5%), 
hyponatremia (16.2%), and hypophosphatemia (13.5%). 
None of the patients experienced a reduction in left ven-
tricular ejection fraction or cardiomyopathy. There was no 
treatment-related mortality. One patient died from suicide 
that was deemed not to be related to treatment.

3.4  Tumor Response

All patients with metastatic cancer had progressed at the 

time of reporting. Thirty-one patients were evaluable for 
radiologic response: 30 received at least two cycles of var-
litinib while one patient progressed while on the first cycle 

Table 2  DLTs by cohort

BD twice daily, DLTs dose-limiting toxicities
a G2 hyperbilirubinemia, persistent G2 diarrhea despite anti-diarrheal medication
b G4 neutropenia documented for 3 days with an increasing trend; however, the subject committed suicide because of pre-existing depression and 
did not complete cycle 1 of study treatment

Cohort Varlitinib dose Number with DLTs DLT in cycle 1

A1 500 mg BD continuous 3/3 Febrile neutropenia, G3 oral mucositis, G3 thrombocytopenia = 1
G4 neutropenia > 7 days = 1
G4 neutropenia > 7 days, G2 Hyperbilirubinemia = 1

A2 400 mg BD continuous 3/5 Febrile neutropenia = 3
A3 400mg BD intermittent 2/4 G3 hypophosphatemia = 1

G3 hyponatremia, G3 hypokalemia, intolerable G2 fatigue = 1
A4 300 mg BD intermittent 2/6 Febrile neutropenia = 1

G3 hypophosphatemia, G3 vomiting =1
B1 300 mg BD intermittent 0/6 Nil
B2 400 mg BD intermittent 2/4 Febrile neutropenia = 1

G3 transaminitis =1
B3 300 mg BD continuous 4/6 G3 diarrhea = 1

G4 neutropenia > 7 days = 1
< 75% intended varlitinib dose because of toxicities =  2a,b

C1 300 mg BD intermittent 0/3 Nil



146 M. X. Lee et al.

of study treatment. Six other patients discontinued treatment 
prior to cycle 2; five because of toxicities, and one patient 
committed suicide before a radiologic efficacy assessment 
could be performed.

Among the patients evaluable for response, 11/31 (35.5%) 
patients achieved confirmed partial response and 13/31 
(41.9%) achieved stable disease as their best response. 
Excluding the two subjects who had non-metastatic breast 

Table 3  Adverse events

AST aspartate transaminase

Adverse event G1 G2 G3 G4 G5

Diarrhea 9 (24.3%) 15 (40.5%) 2 (5.4%) 0 (0.0%) 0 (0.0%)
Fatigue 14 (37.8%) 7 (18.9%) 4 (10.8%) 0 (0.0%) 0 (0.0%)
Neutropenia 0 (0.0%) 2 (5.4%) 3 (8.1%) 12 (32.4%) 0 (0.0%)
Loss of appetite 14 (37.8%) 3 (8.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Hyperbilirubinemia 9 (24.3%) 5 (13.5%) 1 (2.7%) 0 (0.0%) 0 (0.0%)
Vomiting 8 (21.6%) 5 (13.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Hypokalemia 9 (24.3%) 1 (2.7%) 3 (8.1%) 0 (0.0%) 0 (0.0%)
Hyponatremia 3 (8.1%) 1 (2.7%) 6 (16.2%) 0 (0.0%) 0 (0.0%)
Hypophosphatemia 1 (2.7%) 4 (10.8%) 5 (13.5%) 0 (0.0%) 0 (0.0%)
Mucositis 2 (5.4%) 2 (5.4%) 2 (5.4%) 0 (0.0%) 0 (0.0%)
Constipation 5 (13.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Anemia 0 (0.0%) 3 (8.1%) 2 (5.4%) 0 (0.0%) 0 (0.0%)
Elevated AST 2 (5.4%) 1 (2.7%) 2 (5.4%) 0 (0.0%) 0 (0.0%)
Febrile neutropenia 0 (0.0%) 0 (0.0%) 3 (8.1%) 1 (2.7%) 0 (0.0%)
Thrombocytopenia 2 (5.4%) 1 (2.7%) 1 (2.7%) 0 (0.0%) 0 (0.0%)
Pneumonitis 0 (0.0%) 0 (0.0%) 2 (5.4%) 0 (0.0%) 0 (0.0%)
Perforated bowel 0 (0.0%) 0 (0.0%) 1 (2.7%) 0 (0.0%) 0 (0.0%)

Fig. 1  Responses to treatment. Waterfall plot summarizes the best 
percentage change from the baseline sum of target lesions (Response 
Evaluation Criteria for Solid Tumors version 1.1) during treatment of 
the patients evaluable for radiologic response. 35.5% (11/31) achieved 
confirmed partial response (PR), 41.9% (13/31) had stable disease. 
The majority of patients with a PR had HER2+ metastatic breast 

cancer. Each bar is labeled with the dose cohort the patient was 
enrolled into. Responses to therapy were observed in patients across 
all cohorts of differing varlitinib doses. HER2+ MBC HER2+ meta-
static breast cancer, PD progressive disease, * indicates PD with new 
lesions
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cancer, the partial response rate is 10/30 (33.3%) and 13/30 
(43.3%) achieved stable disease. The overall response rate 
in the entire cohort is 11/37 (29.7%). Figure 1 summarizes 
the responses to treatment. The median duration on study 
treatment was 3.0 months (0.1–17.1 months). In patients 
who achieved a partial response, the median duration on 
study treatment was 5.0 months (2.2–17.1 months) Fig. 2.

Twenty patients had HER2+ metastatic breast cancer 
with a median four lines of prior systemic palliative thera-
pies (range 0–14). Sixteen had received two or more cycles 
of varlitinib and were evaluable for response; one received 
study treatment as neoadjuvant therapy. All four patients 
who were not evaluable for a response had discontinued 
treatment within the first cycle because of intolerable tox-
icities. 9/16 (56.3%) evaluable patients achieved a partial 
response while 4/16 (25.0%) achieved stable disease as their 
best response, with a clinical benefit rate of 81.3%.

Eight patients were maintained on single-agent varlitinib 
(cohort A: 4, cohort B: 2, cohort C: 2) after receiving a 
median of 7.5 cycles (range 2–15 cycles) of chemotherapy 
combined with varlitinib. The median duration of mainte-
nance single-agent varlitinib therapy was 5.1 months (range 
2.0–13.3 months) without disease progression in these 
patients. All eight patients had HER2+ metastatic breast 
cancer.

3.5  Varlitinib and Paclitaxel Pharmacokinetics 
Analysis (Table 4)

Blood was drawn to study the pharmacokinetics of varlitinib 
in patients from all cohorts, and of paclitaxel from cohorts 
A3, A4, and B1. In patients receiving continuous dosing 
of varlitinib, a trend of a dose-dependent increment was 
observed in varlitinib plasma exposure. Mean AUC from 
time 0 to 24 h (AUC 0–24h) was 21574 ± 7750 vs 37292 ± 
2044 vs 49493 ± 22186 h*ng/mL for 300-mg vs 400-mg 
vs 500-mg continuous dosing, respectively (p = 0.434). A 
linear relationship between varlitinib dose and AUC 0–24h 
was observed. The mean maximum plasma concentration 
(Cmax) of varlitinib was 1540 ± 636 vs 2155 ± 970 vs 2305 
± 1293 ng/mL for 300-mg vs 400-mg vs 500-mg continuous 
dosing, respectively, although the difference was not statisti-
cally significant (p = 0.614). The mean Cmax of the 500-mg 
cohort was lower than predicted based on that of the 400-mg 
cohort (Fig. 1 of the ESM). This lower than proportionate 
increase in Cmax may be because absorption saturation had 
been achieved.

A similar trend was seen in patients receiving intermittent 
dosing of varlitinib (mean varlitinib Cmax 2737 ± 1441 vs 
4669 ± 3014 ng/mL for 300-mg vs 400-mg intermittent dos-
ing, p = 0.149; mean AUC 0–24h 43,960 ± 22,567 vs 75,636 ± 
43,698 h*ng/mL for 300-mg vs 400-mg intermittent dosing, 
p = 0.110).

Fig. 2  Swimmer’s plot represents the progression-free survival 
(PFS) of individual patients (median PFS 3.7 months, range 0.3–
17.1 months) and the duration of treatment while on maintenance 
single-agent varlitinib (median duration 5.1 months, range 2.0–13.3 

months). Patients with HER2+ metastatic breast cancer (*) [HER2+ 
MBC] tended to have longer PFS (median PFS 5.4 months, range 
1.2–17.1 months). PD progressive disease, PR partial response, SD 
stable disease
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The Cmax of paclitaxel on cycle 1 day 1 was not signifi-
cantly different between the varlitinib 400-mg intermittent 
dosing cohorts (A3, B2) and 300-mg intermittent dosing 
cohorts (A4, B1, C1); mean Cmax 3525 ± 917 vs 2961 ± 
1120 ng/mL, p = 0.241). Similarly, AUC 0–24h on cycle 1 
day 1 did not differ significantly (mean AUC 0–24h 6126 ± 
2054 vs 5007 ± 1863 ng/mL, p = 0.206). This suggests that 
varlitinib did not significantly affect the pharmacokinetics 
of paclitaxel.

4  Discussion and Conclusions

In this phase I study, varlitinib was administered orally in 
combination with chemotherapy in patients with advanced 
solid cancers. When varlitinib was administered together 
with carboplatin and paclitaxel, the combination was intol-
erable across four dose levels of varlitinib, with more than 
half the patients experiencing DLTs, mainly related to neu-
tropenia and electrolyte disturbances. Weekly carboplatin 
and paclitaxel is a myelosuppressive regimen with grade 
3 and above neutropenia observed in 42% of patients with 
ovarian cancer; febrile neutropenia was observed in 7% of 
patients receiving varlitinib in combination with 3-weekly 
docetaxel in a phase I study [26, 27]. In our study, we simi-
larly observed a high rate of neutropenia, impeding the 
administration of higher doses of varlitinib. The most com-
mon DLT is grade 3 and 4 neutropenia in cohort A (n = 
6, 33.3%), and this decreased to 18.8% (n = 3) in cohort 
B when carboplatin was dropped from the study regimen, 
confirming that carboplatin contributed to the high rates 
of neutropenia. A pharmacokinetic analysis did not dem-
onstrate any interaction between varlitinib and paclitaxel, 
the backbone chemotherapy drug in HER2+ breast cancer. 
Hence, we inferred that carboplatin was the major contribu-
tor to the high rates of neutropenia in cohort A and dropped 
carboplatin in subsequent dose cohorts. A limitation to this 
conclusion is that we did not study the pharmacokinetics of 
carboplatin, and it is uncertain if there could be any interac-
tion between carboplatin and varlitinib, which may explain 
the increased myelosuppression rates with the combination.

In combination with weekly paclitaxel, varlitinib 300 mg 
dosed intermittently was tolerable. However, further esca-
lation of the dose or frequency of varlitinib dosing proved 
to be poorly tolerated with neutropenia and transaminitis 
being the main DLTs. The occurrence of grade 3 and above 
diarrhea was low at 5.6%, and was easily managed with anti-
diarrheal medications; this is lower in comparison with the 
grade 3 and 4 diarrhea rate of 12% for the combination of 
lapatinib and capecitabine, and 8% for the combination of 
lapatinib and letrozole [11, 28]. Of interest, the all grade 
pneumonitis rate was low at 5.4%.

This initial clinical experience with varlitinib in combi-
nation with weekly paclitaxel ± carboplatin demonstrates 
promising anti-tumor activity. Objective responses were 
seen in patients evaluable for a response across all varlitinib 
doses: 500 mg continuous (1/1; 100%), 400 mg continuous 
(2/5; 40%), 300 mg continuous (1/5; 20%), 400 mg intermit-
tent (3/6; 50%), 300 mg intermittent (4/14; 28.6%). Compar-
ing objective responses seen in patients receiving varlitinib 
300 mg intermittently vs higher doses of varlitinib, there was 
no significant difference (p = 0.707). Clinical benefit rates 
were also not significantly different (p = 0.671).

As expected, varlinitib was active in patients with HER2+ 
metastatic breast cancer, with 81.3% (13/16) achieving 
clinical benefit (56.3% partial response and 25.0% stable 
disease). Eight patients were maintained on single-agent 
varlitinib after completing chemotherapy, and achieved dura-
ble disease control for up to 17.1 months (range 5.2–17.1 
months), despite not responding to prior HER2-directed 
therapies.

Pharmacokinetic analysis showed that varlitinib Cmax 
and AUC increased in a dose-dependent manner. The linear 
increase in drug concentration accumulation is consistent 
with the clinical observation of more intolerable toxicities 
when varlitinib was dosed continuously. The Cmax and AUC 
in our study are consistent with what has been reported in 
previous early-phase studies [26]. Our analysis suggests 
that there is no interaction between the pharmacokinetics of 
paclitaxel and varlitinib. However, a limitation of this study 
is that the stipulated sampling timepoints were insufficient 
to capture the actual time to Cmax of varlitinib. The median 
half-life of varlitinib is 5–7 h, which has been reported in 
other studies [26].

Of note, Cmax at the recommended phase II dose of 300 
mg twice daily administered intermittently was higher than 
the half maximal inhibitory concentration of varlitinib, sug-
gesting that future studies can be carried out to evaluate the 
pharmacokinetics of once-daily dosing of varlitinib [26]. 
Once-daily administration of varlitinib may allow continu-
ous dosing to be utilized while sustaining an adequate Cmax 
yet reducing the degree of drug accumulation, hence ame-
liorating severe toxicities.

The manageable toxicity profile, pharmacokinetic prop-
erties, and encouraging antitumor activity in patients with 
advanced solid tumors, particularly HER2+ breast cancer, 
warrant further evaluation of varlitinib in larger phase stud-
ies. In this study, we observed that subcutaneous trastu-
zumab could be added safely to intermittent dosing varlitinib 
and weekly paclitaxel. The use of dual HER2-targeted agents 
in combination with chemotherapy is currently the standard 
of care in the treatment of metastatic HER2 over-expressed 
breast cancer, and is frequently used as neoadjuvant therapy 
in the earlier stages of HER2+ breast cancer [30–32]. Var-
litinib has the potential to be an effective oral drug in the 
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armamentarium of agents used to treat HER2 over-expressed 
breast cancer. For this reason, we are now studying the tri-
plet combination of trastuzumab, varlitinib, and paclitaxel in 
an ongoing phase II trial as neoadjuvant therapy in HER2+ 
breast cancers (ClinicalTrials.gov: NCT02396108).

Supplementary Information The online version contains supplemen-
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