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Abstract

Background Phosphatase of regenerating liver-3 (PRL-3) is involved in cellular processes driving metastasis, cell prolifera-
tion, invasion, motility and survival. It has been shown to be upregulated and overexpressed in cancer tissue, in contrast to
low or no expression in most normal tissue. PRL3-zumab is a first-in-class humanized antibody that specifically binds to
PRL-3 oncotarget with high affinity and has been shown to reduce tumor growth and increase survival.

Objective In the study, we aimed to determine the safety and efficacy of PRL3-zumab in patients with advanced solid tumors
and hematological malignancies.

Methods We conducted a phase I, first-in-human study in advanced solid tumors and hematological malignancies to inves-
tigate the safety, tolerability and efficacy of PRL3-zumab. Response rates were evaluated using the Response Evaluation
Criteria in Solid Tumors (RECIST) guideline (version 1.1) for solid tumors. For acute myeloid leukemia (AML) patients,
bone marrow response criteria based on the European Leukaemia Network (ELN) 2017 guidelines for AML were used.
We also explored the pharmacokinetics and pharmacodynamic relationships of PRL3-zumab in patients. This study was
registered with ClinicalTrials.gov: NCT03191682.

Results In the dose-escalation cohort, 11 patients with advanced solid tumors were enrolled into the study. An additional
12 patients with solid tumors and four patients with AML were enrolled in the dose-expansion cohort. Maximum toler-
ability was not achieved in this study, as there were no dose-limiting toxicities. Potential treatment-emergent adverse events
were grade 1 increased stoma output and fatigue and grade 2 vomiting. Best response observed was stable disease in three
solid-tumor patients (11.1%). The pharmacokinetics of PRL3-zumab were dose proportional, consistent with an IgG type
monoclonal antibody.

Conclusions PRL3-zumab, a first-in-class humanized antibody, was safe and tolerable in solid tumors and hematological

malignancies.
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1 Introduction

Phosphatase of regenerating liver-3 (PRL-3) is a member
of the PRL family of intracellular dual-specificity protein
tyrosine phosphatases [1]. PRL-3 localizes to the cytoplas-
mic face of the plasma membrane and endosomes via its
prenylated C-termini [2]. PRL-3 has received considerable
interest as a potential therapeutic target in oncology, due
to its involvement in cellular processes driving metastasis,
including cell proliferation, invasion, motility and survival
[3, 4]. Additionally, PRL-3 has been shown to be upregu-
lated and overexpressed in cancer tissues, in contrast to
low or no expression in most normal tissues, thus making
PRL-3 an attractive protein for targeted cancer therapy [5].
Evidence suggests that PRL-3 promotes multiple stages of
malignant transformation via activation of phosphatidylin-
ositol 3-kinase (PI3K)/AKT, extracellular-signal-regulated
kinase (ERK) and SRC tyrosine kinase oncogenic path-
ways through downregulation of phosphatase and tensin
homolog (PTEN) and/or activation of upstream receptor
tyrosine kinases [6-9]. To date, elevated PRL-3 mRNA
or protein levels have been shown to correlate with higher
metastatic potential and poor prognosis of numerous can-
cer types [9-12]. PRL-3 oncotarget is overexpressed in
> 80 % of tumors across 11 common cancer types that
we have examined, namely, gastric, liver, lung, pancreas,
thyroid, kidney, bladder, breast, colon and prostate cancers
and acute myeloid leukemia (AML) [13].

As PRL-3 is intracellularly localized, the conventional
approach using therapeutic antibodies would seem implausi-
ble. However, Zeng et al. [1] reported an unexpected obser-
vation that mouse monoclonal antibodies (mAbs) against
PRL-1 or PRL-3 were able to prevent the experimental
metastasis of cancer cells in nude and wild-type C57BL/6
mouse models overexpressing intracellular PRL-1 or PRL-3
oncoproteins [14], which stands as unconventional proof of
concept that intracellular antigen can be targetable by anti-
body [15, 16]. Additionally, a PRL-3 mouse chimeric and
humanized antibody (PRL3-zumab) was shown to effectively
inhibit the metastatic tumors formed by mouse and human
cancer cells that express endogenous PRL-3 and extend sur-
vival in mouse metastasis and orthotopic cancer models [5,
13, 17]. The pharmacologically active dose (PAD) for all
anti-PRL3 antibodies in all mouse models was 4-5 mg/kg.
These results, establishing the potential for therapeutic effi-
cacy of anti-PRL3 treatment, support the hypothesis that this
otherwise intracellular protein may be effectively targeted
by antibody-based intervention. The mechanism of this
phenomenon is yet to be fully elucidated, but may involve
permanent or transient externalization of PRL-3, thus
making it accessible to classical targeted immunotherapy
via natural killer (NK) cell-mediated antibody-dependent
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cellular cytotoxicity (ADCC) and/or macrophage-mediated
antibody-dependent cellular phagocytosis (ADCP) [5, 13].

PRL3-zumab is a first-in-class humanized antibody that
specifically binds to PRL-3 oncotarget with high affinity.
It does not cross-react with any other proteins and thus has
minimal off-target side effects, and PRL3-zumab has been
shown to reduce tumor growth and increase survival [4]. In
PRL-3-negative gastric cancer mouse models, no response
was seen, reflecting the exquisite target specificity of PRL3-
zumab. In a total of 175 male Balb/c nude mice, adminis-
tration of PRL3-zumab up to 5 weeks at biweekly intervals
demonstrated a lack of any adverse events (AEs) in ortho-
tropic, metastatic and xenograft tumor mouse models. Body
weight gain was normal in all PRL3-zumab-treated mice,
and increased overall survival was observed. Similarly, there
were no adverse findings during the study of PRL3-zumab in
cynomolgus monkeys. Taken together, the high expression
of PRL-3 in tumor, but not normal tissues, coupled with the
high frequency of PRL-3 overexpression observed in gas-
tric cancer and other cancer types, establishes PRL-3 as an
ideal tumor-enriched oncotarget whose targeting should have
minimal off-target effects [18]. A phase I, first-in-human
study in advanced solid tumors and hematological malignan-
cies was undertaken to investigate the safety and efficacy of
PRL3-zumab.

2 Methods
2.1 Patient Selection

Patients aged > 21 with histologically or cytologically con-
firmed, advanced, refractory solid tumors unresponsive to
standard anti-cancer therapy or for whom there is no stand-
ard therapy available, with or without measurable disease
were eligible for the dose-escalation cohort of the study.
They were included if they had an Eastern Cooperative
Oncology Group performance status of < 2, adequate organ
function [creatinine < 1.5 X upper limits of normal (ULN),
total bilirubin < 1.5 X ULN], hemoglobin > 9 g/dL, an abso-
lute neutrophil count of > 1500/mL and a platelet count of
> 100,000/mL. Key exclusion criteria included prior therapy
within 28 days or major surgery within 28 days of study
enrollment, unstable cardiac function, uncontrolled active
infection or symptoms, symptomatic brain metastasis, any
condition requiring the use of corticosteroids that cannot
be stopped for the study, and vaccination within 8 weeks of
therapy. In the dose-expansion cohort, patients of any solid
tumor type were enrolled with measurable disease accord-
ing to the Response Evaluation Criteria in Solid Tumors
(RECIST) [version 1.1 (v1.1)], and a pre-treatment biopsy
was mandated. Washout from prior anti-cancer therapy was
reduced to 2 weeks in this cohort. All patients had disease
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progression on prior line of anti-cancer therapy at study
entry. Additionally, in the dose-expansion cohort, patients
with newly diagnosed AML but who were unfit for inten-
sive chemotherapy (such as daunorubicin or idarubicin and
cytarabine) and a hypomethylating agent or patients with
relapsed or refractory AML who progressed on at least one
line of anti-cancer therapy and who were deemed unfit for
intensive chemotherapy (such as fludarabine, cytarabine and
idarubicin) were eligible for the study.

This study was conducted in accordance with the Decla-
ration of Helsinki and in compliance with all International
Conference on Harmonization Good Clinical Practice guide-
lines. The study protocol was approved by the Domain Spe-
cific Review Board. Informed consent was obtained from all
individual patients included in the study. This study was reg-
istered with ClinicalTrials.gov (identifier: NCT03191682;
date of registration: June 19, 2017).

2.2 Study Design

This was a single-center, phase I, dose-escalation and
dose-expansion study evaluating the safety and efficacy of
PRL3-zumab as monotherapy in patients with advanced
solid tumors and AML who no longer responded to stand-
ard therapy or for whom no standard therapy was available.
Patients enrolled were dosed once every 2 weeks (Q2W)
(+ 1 day) in escalating dose cohorts at the dose levels deter-
mined in Table 1. The dose-escalation phase was conducted
with the initial dose of 0.3 mg/kg and subsequent doses of
0.9 mg/kg, 3 mg/kg and 6 mg/kg. One cycle was 28 days.
PRL3-zumab was administered Q2W until disease progres-
sion, intolerance of study drug or PRL3-zumab was held
exceeding a minimum of 4 weeks. The investigator moni-
tored each patient for the occurrence of AEs. An accelerated
dose-titration scheme was adopted, with one to three patients
recruited per dose level. Patients were enrolled 1 week apart
from the initial dose received and subsequently observed
for toxicity. Intra-patient dose escalation was permitted and
allowed only once per patient at the discretion of the investi-
gator, if all of the following criteria were met: (1) the patient

Table 1 Dose-escalation schedule

Dose level Dose (IV, once every 2 No. of patients
weeks)

-1 0.1 mg/kg Upto3

1 0.3 mg/kg Upto3

2 0.9 mg/kg Upto3

3 3.0 mg/kg Upto 6

4 6.0 mg/kg Upto6

1 cycle = 28 days
1V intravenous

has received PRL3-zumab on the original dose level for at
least 2 cycles; (2) the patient has completed the first imag-
ing assessment; (3) the subsequent higher dose cohort has
been cleared without dose-limiting toxicity (DLT) and a slot
is available.

Dose-escalation decisions relied on safety and tolerability
data reviewed by the Safety Monitoring Committee (SMC),
and planned dose escalation continued until the maximum
tolerated dose (MTD) was reached, or the SMC determined
that the criteria for the recommended phase II dose (RP2D)
had been met. The starting dosage was 0.3 mg/kg Q2W
based on pre-clinical studies. The PAD in mouse tumor mod-
els was 5 mg/kg, and converting this into the human effec-
tive dose (HED) by a factor of 12.3 [based on Food and Drug
Administration (FDA) Guidance for Industry: “Estimating
the Maximum Safe Starting Dose in Initial Clinical Trials
for Therapeutics in Adult Healthy Volunteers”], a PAD of
0.4 mg/kg is expected for humans. Thus, the proposed final
starting dose of 0.3 mg/kg was indeed within the PAD range.

Dose escalation was based on whether patients in the
first cycle of the cohort experience AEs and/or DLTs that
were judged by the investigator as being related to PRL3-
zumab exposure and unrelated to underlying conditions and/
or concomitant medications. Dose escalation continued as
long as no more than one out of six patients in the cohort
experienced a DLT. The DLT observation period was deter-
mined as the first cycle of treatment (28 days). The SMC met
at the completion of a cohort’s DLT observation period to
confirm the decision to escalate the dose. DLT was defined
by the occurrence of any of the following toxicities pos-
sibly, probably or definitely related to PRL3-zumab within
the first cycle of treatment: grade 4 neutropenia for more
than 7 days; grade 3—4 febrile neutropenia; grade 3 throm-
bocytopenia in the presence of bleeding; grade 4 thrombo-
cytopenia; any observed hematological AEs if they resulted
in a treatment delay of more than 14 days (except grade 3—4
lymphopenia); grade 3—4 non-hematological toxicity of any
duration (except for grade 3—4 nausea, vomiting or diarrhea
if it could not be reduced to grade 2 or less within 2 days
with medical management; reversible laboratory abnormali-
ties with no clinical sequelae and/no clinical significance;
grade 3 hyperglycemia in patients with diabetes mellitus or
decreased glucose tolerance that is controlled pharmacologi-
cally; skin toxicity that is adequately controlled with sup-
portive measures; transient, < 24 h of fatigue, headache or
nausea that resolves to < grade 1).

In the dose-expansion part of the study, 12 patients with
advanced solid tumors and four patients with AML were
enrolled to explore the efficacy of PRL3-zumab. The phar-
macodynamics (PD) effects of PRL3-zumab were assessed
using tumor biopsies, blood samples and imaging. All
patients enrolled in the expansion cohort received PRL3-
zumab intravenously, once Q2W (+ 1 day) at 6 mg/kg over
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a period of 30 min—1 h. One cycle was 28 days. Standard
monitoring of vital signs per routine was followed. PRL3-
zumab was administered Q2W until disease progression,
intolerance of study drug or PRL3-zumab was held exceed-
ing a minimum of 4 weeks.

No premedication was required prior to administration
of PRL3-zumab. In the event of infusion-related AEs, the
investigator, in consultation with the study PI, was able to
increase the duration of the infusion over a period of up to
24 h at their discretion or considered suggested premedi-
cation with anti-H, and anti-H, blockers and paracetamol.
Treatment with PRL3-zumab was permanently discontinued
for any patient experiencing a grade 3 (or greater) acute infu-
sion reaction. Patients who experienced a DLT resulting in
treatment delay were able to continue with treatment in the
absence of progression of disease as long as the toxicity
recovered to the baseline value or lower. The patient would
then be treated at the next lower dose level until disease
progression or other dose-reducing events. If more than two
dose reductions were indicated, the patient was discontinued
from PRL3-zumab treatment. Once the dose was reduced, it
was not re-escalated.

2.3 Study Objectives and Assessments

The primary objectives were to assess the safety and toler-
ability and determine the DLTs, MTD, optimum biologic
dose (OBD) and RP2D of PRL3-zumab. The secondary
objectives were to determine the pharmacokinetic (PK)
profile of PRL3-zumab, determine the anti-tumor response
and screen for the development of antibodies against PRL3-
zumab. Exploratory objectives included assessment of PK
and PD relationship for PRL3-zumab and biomarker assess-
ment to identify molecular alterations that may predict
efficacy. Safety assessments included history and physical
examination, vital sign recordings, review of laboratory test
results including electrocardiograms (ECGs) and cardiac
function [using echocardiogram or multigated acquisition
scan (MUGA)] and AEs. AEs were evaluated using the
National Cancer Institute Common Terminology Criteria
for Adverse Events (CTCAE), version 4.03.

Tumor assessments were performed every 8 weeks
while on study. Response and progression were evaluated
using the RECIST guidelines (v1.1) for solid tumors. Only
patients who had measurable disease present at baseline,
had received at least one cycle of therapy and had had
their disease re-evaluated were considered evaluable for
the efficacy endpoint. Patients were also considered evalu-
able if they exhibited objective disease progression prior
to the end of cycle 1. Patients who had lesions present at
baseline that were evaluable but did not meet the defi-
nitions of measurable disease, had received at least one
cycle of therapy and had had their disease re-evaluated
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were considered evaluable for non-target lesion assess-
ment. The response assessment was based on the pres-
ence, absence or unequivocal progression of the lesions.
For AML patients, bone marrow response criteria based on
the European Leukaemia Network (ELN) 2017 guidelines
for AML were used.

For PK analyses in the dose-escalation phase, serum
samples were collected at the following time points: cycle
1 pre-dose (0 h); post-treatment at 1 h, 2 h, 4 h, and 6 h;
and pre-treatment at cycle 1 day 2, cycle 1 day 3, cycle
1 day 4, cycle 1 day 5, cycle 1 day 8 and cycle 1 day 15,
at each dose level tested, i.e., 0.3 mg/kg (N = 3), 0.9 mg/
kg (N =2), 3 mg/kg (N = 3) and 6 mg/kg (N = 3). In the
dose-expansion study, serum samples were collected at
the following time points: cycle 1 pre-dose (0 h); post-
treatment at 6 h; and pre-treatment cycle 1 day 3, cycle 1
day 8 and cycle 1 day 15.

2.4 Statistical Analyses

The safety analysis consisted of all patients who received
at least one dose of PRL3-zumab. Descriptive statistics
based on counts, medians and percentages were used to
summarized baseline characteristics and safety analyses for
all treated patients and to investigate response outcomes.
Descriptive statistics based on mean and standard deviation
were used to analyze PK parameters. MTD was defined as
the highest dose level where no more than one of six patients
experienced DLT. The RP2D was one dose level below the
MTD, provided that that dose level was < 25% lower than
the highest (intolerable) dose tested. If the projected RP2D
was > 25% lower than the highest dose tested, then an addi-
tional cohort of three or more patients was added at a dose
that was intermediate between the intolerable dose and the
next lower dose. The SMC could elect to terminate dose
escalation if an RP2D could be determined by plasma levels
of PRL3-zumab that coincided with PD markers that corre-
lated with efficacious exposure levels observed in preclinical
tumor models. Such levels of exposure may be considered
the OBD.

3 Results
3.1 Demographics and Baseline Characteristics

Patients for the dose-escalation (N = 11) and dose-expansion
(N = 12) cohorts for solid tumors were recruited from March
2017 to May 2018. An additional four patients with AML
were enrolled in the dose-expansion cohort from January to
November 2020. All patients were recruited and treated at
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Table 2: Patient demographics and baseline characteristics

Baseline characteristics No. (%)
Dose-escalation Dose-expan-
cohort, N =11 sion cohort,
N=16

Age, years

Median 63 62.5

Range 36-84 52-75
Sex

Male 6 (55) 6 (37.5)

Female 5 (45) 10 (62.5)
ECOG performance status

0 4(36.4) 4(25)

1 7 (63.6) 12 (75)
Cancer type

Breast 5 (45) 2 (12.5)

Lung - 3(18.8)

Head and neck - -

Colorectal 3(27) -

Gastric 109 -

Liver 109 -

Pancreas 109 2 (12.5)

Ovarian - 2 (12.5)

Gall bladder - 1(6.3)

Periampullary - 1(6.3)

Salivary gland - 1(6.3)

Acute myeloid leukemia 4 (25)
No. of metastatic sites

1-2 6 (54.5) 6 (37.5)

3 or more 5(45.5) 6(37.5)

Not applicable - 4(25)
No. of prior treatments

0-2 - 8 (50)

3 or more 11 (100) 8 (50)

ECOG Eastern Cooperative Oncology Group

the National University Cancer Institute, Singapore. Table 2
summarizes the demographics and baseline characteristics
of all patients enrolled in this study.

3.2 Patient Disposition

In the dose-escalation part of the study, three patients were
enrolled at dose level 1 (0.3 mg/kg Q2W). One patient dis-
continued after cycle 1 at the patient’s request to withdraw
from the study due to intolerable pain from disease. The
remaining two patients discontinued treatment after cycle
2 due to disease progression. At dose level 2 (0.9 mg/kg
Q2W), two patients were enrolled and completed two cycles
of study treatment. They were discontinued at the end of
cycle 2 due to disease progression. As there were no safety

concerns observed at dose levels 1 and 2, it was decided,
after review with the SMC, to proceed with dose level 3 after
no DLTs were observed in two patients at dose level 2 as part
of the accelerated dose-titration scheme. At dose level 3 (3
mg/kg Q2W), three patients were enrolled. One patient dis-
continued after cycle 1 due to the patient’s request to with-
draw from the study. The patient had worsening performance
status related to disease and transitioned to hospice care. In
the remaining two patients, one patient was discontinued
after cycle 2 and another patient after cycle 4 due to disease
progression. At dose level 4 (6 mg/kg Q2W), three patients
were enrolled and one patient discontinued after cycle 1
due to unequivocal disease progression. In the remaining
two patients, one patient was discontinued after cycle 2 and
another patient after cycle 4 due to disease progression. In
the dose-expansion cohort, 16 patients were enrolled. Six
patients were discontinued after cycle 1 due to disease pro-
gression (five patients) and delay in treatment for more than
4 weeks (one patient). In the remaining ten patients who
continued into cycle 2, nine patients had discontinued at
the end of cycle 2 due to disease progression (N = 7) and
death, which was related to disease and deemed unrelated
to the study treatment (N = 2). One patient with AML had
stable disease post cycle 2 and continued treatment until
cycle 4, where treatment was discontinued due to disease
progression. Figure 1 summarizes the patient disposition in
all cohorts.

3.3 Safety Profile

In the dose-escalation phase with 11 patients, there was a
total of 41 treatment-emergent adverse events (TEAEs).
Three patients had potentially drug-related TEAEs: one
patient (33.3%) experienced grade 1 increased stoma out-
put (0.9 mg/kg Q2W cohort), one patient (33.3%) experi-
enced grade 1 fatigue (3 mg/kg Q2W cohort) and one patient
(33.3%) experienced grade 2 vomiting (6 mg/kg Q2W
cohort). No grade 3 or 4 potentially drug-related TEAEs
were observed. There was one serious adverse event (SAE)
with grade 3 gastrointestinal hemorrhage from bleeding
gastro-enteral anastomotic ulcers (0.9 mg/kg Q2W cohort),
which was unrelated to the study drug. No DLTs were
observed.

With 16 patients enrolled in the dose-expansion phase,
there was a total of 102 TEAEs (all causality). No patients
had potentially drug-related TEAEs. No grade 3 or 4 poten-
tially drug-related TEAEs were observed. Table 3 summa-
rizes the TEAE:s in the dose-escalation and dose-expansion
phases for both solid-tumor and hematological patients that
occurred in > 5% of patients. There were 21 SAEs with
grade 3 ascites (N = 3, 14.3%), grade 3 abdominal bloating
(4.8%), grade 2 dyspepsia (4.8%), grade 4 sepsis (4.8%),
grade 3 upper respiratory tract infection (4.8%), grade 3
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Fig. 1 Flow diagram of study participants

urinary tract infection (4.8%), grade 3 shortness of breath
(4.8%), grade 2 fatigue (4.8%), grade 3—4 pancytopenia
(19%), grade 3 Sweet’s syndrome (4.8%), grade 3 hemor-
rhagic stroke (4.8%), grade 4 acute kidney injury (4.8%),
grade 3 myocardial infarction (4.8%) and grade 3 supraven-
tricular tachycardia (4.8%). All SAEs were unrelated to the
study drug. Supplementary Table 1 summarizes the TEAEs
from all causalities in the dose-escalation and dose-expan-
sion phases for both solid-tumor and hematological patients
that occurred in all patients.

3.4 Efficacy

In the dose-escalation phase, ten (out of 11) patients were
evaluable for response. The best overall responses were as
follows: stable disease for up to 4 cycles (N =2, 18.2%) and
disease progression (N = 8, 72.7%). In the patients with
stable disease, the maximum number of cycles received
was four cycles of treatment. In the dose-expansion phase,
14 (out of 16) patients with solid tumors were evaluable
for response. The best overall responses were as follows:
stable disease (N = 1, 6.3%) and disease progression (N
= 13, 81.3%). In the patient with stable disease, the maxi-
mum number of cycles received was two cycles of treat-
ment. All four patients with AML with myelodysplatic syn-
drome (MDS) changes had progressive disease. Tables 4,
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5 summarizes the best overall responses noted in the study
patients.

3.5 Pharmacokinetics

In the dose-escalation phase, serum samples from 11 patients
were collected for PK analysis. A two-compartment model
analysis with intravenous-infusion input and first-order
elimination was fitted to the serum concentration—time data
until day 15. The plasma concentration—time curve for the
dose-escalation phase is presented in Fig. 2. The average
half-life of the p phase (#,, 5) was 6.4 days for the 0.3-mg/kg
dose, 12.5 days for the 1-mg/kg dose, 15.8 days for the 3-mg/
kg dose and 12.0 days for the 6-mg/kg dose (Table 6). In the
dose-expansion study, serum samples were collected from
12 solid-tumor and four hematological-malignancy patients
(all receiving 6 mg/kg). A one-compartment model analysis
(instead of two compartment; limited by fewer PK sampling
time points) with intravenous-infusion input and first-order
elimination was fitted to the serum concentration—time data
until day 15. The plasma concentration—time curve for the
dose-expansion phase is presented in Fig. 3. The average
half-life (#,,) was 8.9 days in solid-tumor patients (N = 12)
and 7.4 days in hematological patients (N = 4) (Table 7).
Overall, the mean maximum concentration (C,,,.) and mean
area under time—concentration curve (AUC) of PRL3-zumab
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Number of study participants (%) with treatment-emergent adverse events from all causalities®

Table 3 (continued)

>
>
(="
=
»

=27

6 mg/kg (H Ex), All patients, N

6 mg/kg (ST Ex),
N=12

=3

6 mg/kg, N

3

3 mg/kg, N

=2

0.9 mg/kg, N

=3

0.3 mg/kg, N

Dose level

Any grade Grade 3/4 Any grade Grade 3/4 Any grade Grade 3/4 Any grade Grade 3/4 Any grade Grade 3/4 Any grade Grade 3/4 Any grade Grade 3/4

Grade

Blood system

6(22.2)

13.7)

7(25.9)
13.7)

4(100) 4 (100)
125)
3(75)

1(8.3)

1(8.3)

0

0 1333) 0

0

1(33.3)

1(33.3)

Anemia

125)
4 (100)
4 (100)

Leukocytosis

3111

4(14.8)
4(14.8)

Neutropenia

4(14.8)

4 (100)

0

Thrombocytopenia

Metabolic

3L
2(7.4)

3111
2(7.4)

0
0

0
0

1(8.3)

1(8.3)

0
0

0

2(66.7) 2 (66.7)

0

Hypokalemia

2(16.7)

2(16.7)

Hyponatremia

ST Ex solid-tumor, dose-expansion cohort, H Ex hematological, dose-expansion cohort

“Treatment-related adverse events reported in > 5% of all patients, any grade

increased with increasing dose. The volume of distribution
was small, approximately equal to blood volume, and there
was no significant effect of sex on the PK of PRL3-zumab.

3.6 Immunogenicity

Immunogenicity to PRL3-zumab was tested on 86 samples
taken from 23 patients. Blood samples were taken before
each cycle of treatment, as well as at the end of treatment.
Induced anti-drug antibody (ADA) incidence was 20%, with
four out of 20 patients having at least one time point positive
for ADA. Although the majority of ADA-positive patients
received higher doses of PRL3-zumab (3 mg/kg and 6 mg/
kg), one ADA-positive patient came from the lowest-dose
group (0.3 mg/kg). There was no correlation between ADA
incidence and clinical outcome.

3.7 Pharmacodynamics

PRL3 status was determined by Western blotting. Table 5
describes the PRL3 status of the tumors in the dose-expan-
sion phase and its correlation with tumor type and best over-
all response. There were eight PRL3-positive tumors (two
ovarian cancers, two non-small cell lung cancers, one breast
cancer, one periampullary cancer, one pancreas cancer and
one salivary gland adenoid cystic carcinoma) and four
PRL3-negative tumors (one gallbladder cancer, one breast
cancer, one pancreatic colloid cancer and one non-small cell
lung cancer). Amongst the PRL3-positive tumors (N = 8),
best overall responses included one patient with stable dis-
ease, five patients with progressive disease and two patients
with non-evaluable disease.

4 Discussion

This is a first clinical experience with PRL3-zumab, a
humanized mAb against PRL3 in advanced solid tumors
and hematological malignancy. The study established the
safety and tolerability of PRL3-zumab in a cohort of patients
with various malignancies for a range of doses between 0.3
and 6 mg/kg. MTD was not achieved in this study, as there
were no dose-limiting events. The OBD could not be deter-
mined as an appropriate biomarker of target engagement,
and a mechanism of action could not be deployed in this
study. However, drug concentrations achieved in the 6-mg/
kg cohort were well above the biologically relevant concen-
trations for activity in laboratory models.

In general, PRL3-zumab was well tolerated, with few
AEs that were considered to be potentially treatment
related. We enrolled 11 patients in the dose-escalation
cohort, and three events were deemed possibly treatment
related: increased stoma output in one patient (9.1%) at
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Table 4 Clinical responses in patients treated with PRL3-zumab

Dose-escalation cohort

Dose-expansion cohort (solid
tumor) (N = 12)

Dose-expansion cohort (hema-
tology) (N =4)

All patients (N = 27)

(N=11)
Best overall response, N (%)
CR 0
PR 0
SD 2(18.2)
PD 8 (72.7)
Not evaluable 1(9.1)

0
0
1(8.3)
9(75)

2 (16.7)

0
0
0
4 (100)
0

0
0
3L
21 (77.8)
3L

Responses according to RECIST v1.1. All percentages rounded to one decimal place

PD progressive disease, RECIST Response Evaluation Criteria in Solid Tumors, SD stable disease

Table 5 Summary of tumor type, PRL-3 status and treatment responses

Phase of study Dose level Patient ID Tumor type PRL-3 status Best response
Dose escalation 0.3 mg/kg PRL3-002 Colon ND PD
PRL3-003 Gastric ND NE
PRL3-004 Colon ND PD
0.9 mg/kg PRL3-005 Pancreas ND PD
PRL3-006 Rectal ND PD
3 mg/kg PRL3-008 Cholangiocarcinoma ND PD
PRL3-009 Breast ND PD
PRL3-010 Breast ND SD
6 mg/kg PRL3-011 Breast ND SD
PRL3-012 Breast ND PD
PRL3-013 Breast ND PD
Dose expansion 6 mg/kg PRL3-102 Ovary Positive® NE
PRL3-103 Gallbladder Negative PD
PRL3-104 Ovary Positive® PD
PRL3-106 Breast Negative PD
PRL3-107 Periampullary Positive® NE
PRL3-108 Pancreas Positive® PD
PRL3-109 Lung (NSCLC) Positive® PD
PRL3-110 Salivary gland Positive® PD
PRL3-111 Lung (NSCLC) Positive® SD
PRL3-112 Pancreas (colloid) Negative PD
PRL3-113 Breast Positive® PD
PRL3-114 Lung (NSCLC) Negative PD
PRL3(1b)-002 AML ND PD
PRL3(1b)-003 AML with MDS changes ND PD
PRL3(1b)-004 AML with MDS changes ND PD
PRL3(1b)-005 AML with MDS changes ND PD

AML acute myeloid leukemia, MDS myelodysplatic syndrome, ND not done, NE not evaluable, NSCLC non-small cell lung cancer, PD progres-

sive disease, SD stable disease

#In 8 PRL3-positive tumors, best responses were as follows: SD (N =1, 12.5%); PD (N =5, 62.5%); NE (N = 2, 25%)

the 0.9-mg/kg dose, grade 1 fatigue in one patient (9.1%)
at the 3-mg/kg dose and grade 2 vomiting in one patient
(9.1%) at the 6-mg/kg dose. Gastrointestinal hemorrhage
in a patient (9.1%) at the 0.9-mg/kg dose was deemed to

be due to a bleeding gastro-enteral anastomotic ulcer that
was not drug- or malignancy-related. As such, there were
no DLTs in cycle 1 for all doses evaluated, allowing dose
escalation according to the protocol plan. Beyond cycle 1,
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Fig.2 Mean concentration—time curves of PRL3-zumab, stratified
by dose levels in the dose-escalation cohort. Each plot represents the
average serum concentration of patients in the dose-level group at a
particular time point (mean + SD): N = 3 (0.3 mg/kg); N =2 (0.9
mg/kg); N =3 (3 mg/kg); N = 3 (6 mg/kg). SD standard deviation

there were no potentially drug-related AEs. No patients
required dose reduction due to toxicity. Specifically, there
were no hematological events or infusion-related toxicities

due to PRL3-zumab. All hematological events observed
were related to the underlying disease.

The PK of PRL3-zumab was studied in cycle 1 of treat-
ment. PK were dose proportional, with terminal half-lives
(6.4-15.8 days) consistent with IgG type mAbs, and are
suitable for 2 weekly administration. Consistent with mAbs,
the volume of distribution corresponds approximately to the
human blood volume. Higher C,, AUC,_, and shorter 1,
were detected in hematological-malignancy patients com-
pared to solid-tumor patients. Higher distribution of drug
to the site of tumor might be the reason for lower C, ., and
AUC in solid-tumor patients. Taken together, these data
were used to select an RP2D of 6 mg/kg Q2W for future
PRL3-zumab studies.

There were no confirmed complete or partial responses
in patients with the various tumor types that received PRL3-
zumab in this study. Twenty-four patients were evaluable for
response, in whom the best overall response was progressive
disease in 21 patients (77.8%), and three patients (11.1%)
had stable disease after cycle 2 of treatment: one patient at
the 3-mg/kg dose and two patients at the 6-mg/kg dose. The
stable disease was not durable, as no patient had treatment
beyond 4 cycles; the two patients with stable disease at the
3-mg/kg dose and 6-mg/kg dose, respectively, developed
progressive disease after the fourth treatment cycle. The

Table 6 Pharmacokinetic parameters after single-dose injection of PRL3-zumab, stratified by dose level in the dose-escalation phase of the

study
PK parameters 0.3 mg/kg 0.9 mg/kg 3.0 mg/kg 6.0 mg/kg
WN=3) WN=2) N=3) WN=3)
Cinax (Ug/mL)
Mean + SD 9.04 +8.97 17.62 +5.01 60.02 + 15.73 97.64 + 23.43
Geomean (%CV Geomean) 6.54 (99.26%) 17.26 (28.41%) 58.48 (26.21%) 95.80 (24.00%)
AUC,_, (h*pg/mL)
Mean + SD 677.74 + 116.18 1843.07 + 640.01 8157.52+ 3606.77 14,301.39 + 885.07
Geomean (%CV Geomean) 670.66 (17.14%) 1786.65 (34.73%) 7645.07 (44.21%) 14,283.23 (6.19%)
AUC ;s (h*pg/mL)
Mean + SD 864 + 146.18 3686.2+ 2741.66 13,752.01 + 7060.09 25,235.22 + 5553.13
Geomean (%CV Geomean) 855.74 (16.91%) 31,35.25 (74.38%) 12,119.39 (51.34%) 24,847.94 (22.01%)
t,,, alpha (day)
Mean + SD 0.35 +0.55 0.07 = 0.04 1.41 +0.62 0.27 £ 0.40
t,,, beta (day)
Mean + SD 6.41 +1.20 12.46 + 8.95 15.76 + 15.96 11.97 +5.52
CL (L/h)
Mean + SD 0.023 + 0.001 0.017 +0.013 0.012 + 0.004 0.014 + 0.004
Vi (L)
Mean + SD 4.99 + 1.05 5.47+0.20 5.45+5.12 5.04+£0.72
MRT (h)
Mean + SD 218.81 + 38.65 428.09 + 307.11 458.22 +414.8 409.33 + 184.07

AUC area under time—concentration curve, CL clearance, C,,,,,

maximum concentration, CV coefficient of variation, MRT mean residence time,

PK pharmacokinetic, SD standard deviation, t,, half-life, #,, alpha half-life of distribution phase, t,, beta half-life of elimination phase, V., appar-
ent volume of distribution at steady state
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Fig.3 Mean concentration—time curves of PRL3-zumab (6 mg/kg)
in the dose-expansion cohort. Each plot represents the average serum
concentration of patients at a particular time point (mean + SD):

N = 12 (solid tumor); N = 4 (hematological malignancy). SD stand-
ard deviation

Table 7 Pharmacokinetic parameters after single-dose injection of
PRL3-zumab at 6 mg/kg, in the dose-expansion phase of solid-tumor
and hematological-malignancy patients

PK parameters Solid tumor, 6 mg/kg Hematological

(N=12) malignancy, 6 mg/kg
=4
Crnax (Hg/mL)
Mean + SD 153.09 + 14.37 124.92 +29.43
Geomean 152.59 121.65
(%CV Geomean) 9.42% 23.56%
AUC, (pg/mL*h)
Mean + SD 28,418.37 +2792.47 22,977.75 + 8883.5
Geomean 28,318.14 21,505.08
(%CV Geomean) 9.86% 38.66%
AUC ;¢ (ng/mL*h)
Mean + SD 39,110.99 + 6481.30 38,441.29 + 26,914.53
Geomean 38,742.47 31,267.85
(%CV Geomean) 16.73% 70.01%
1y, (day)
Mean + SD 74+1.22 8.93 + 6.38
CL (L/h)
Mean + SD 0.01 +0.001 0.01 +£0.01
Ve (L)
Mean + SD 237+0.22 2.8 +0.86
MRT (h)
Mean + SD 256.26 +42.2 309.26 + 0.86

AUC area under time—concentration curve, CL clearance, C,,,,, maxi-
mum concentration, CV coefficient of variation, MRT mean residence
time, PK pharmacokinetic, SD standard deviation, t,, half-life, V|

apparent volume of distribution at steady state

s

PRL3 status of the tumors in the dose-expansion phase was
determined, and its correlation with tumor type and best
response analyzed. There was no correlation between PRL3-
positive tumors and response. There are currently ongoing
studies with PRL3-zumab in gastric cancer, hepatocellular
carcinoma and other solid tumors.

In conclusion, this first-in-human study has demonstrated
that PRL3-zumab, a humanized mAb against PRL3, is safe
and tolerable in advanced solid tumors and hematological
malignancy.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11523-023-00962-w.
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