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Abstract

Background: A sequential approach, synchronizing cell-cycle specific chemotherapy during
VEGFR-TKI treatment breaks, may improve the therapeutic index of this combination therapy. In
this study we investigate the safety/tolerability and pharmacodynamic effects of docetaxel used in
sequential combination with the novel VEGFR-TKI X-82.

Methods: Patients with advanced solid malignancies underwent 21-day treatment cycles with
X-82 administered daily on days 1-14, a treatment break on days 15-20, and docetaxel
administered on day 21. Randomization was 1:1 to either a low dose X-82 (200 mg) or high dose
X-82 (400 mg) arm. Patients were scheduled to undergo four 3’-deoxy-3’-18F-fluorothymidine
(FLT) PET/CT scans to assess changes in tumor cell proliferation. PET standardized uptake values
(SUV) were summarized for tumors and changes were assessed using mixed effects models.
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Results: Fourteen patients were enrolled and treated with median 3.5 cycles (range 0-12). Three
patients in the high dose cohort (50%) and three patients in the low dose cohort (38%) experienced
at least one grade three adverse event during the study (infections, cytopenias, electrolyte
abnormalities, and vascular complications). Four patients with thirteen metastatic tumors
underwent FLT PET/CT scanning. During the cycle 1 X-82 exposure period, tumor SUV nax
decreased by —11% (p=0.04). After administration of docetaxel and the cycle 2 X-82 exposure
period, tumor SUV,x decreased —44% (p=0.03).

Conclusions: The sequential combination of X-82 and docetaxel was safe and led to diminished
tumor cell proliferation. Further, decrease in FLT uptake during cycle 2 (X-82 plus docetaxel) was
greater than in cycle 1 (X-82 alone), suggesting sequential chemotherapy enhances the
pharmacodynamic effect of therapy.

INTRODUCTION

Anti-angiogenic therapies target tumor vasculature, an essential component for tumor
growth (1). However, clinical benefit derived from these agents has only been modest and all
patients eventually progress on anti-angiogenic therapies. Development of novel therapeutic
strategies to improve outcomes is critical. Bevacizumab, a monoclonal antibody targeting the
VEGF ligand, was one of the first anti-angiogenic agents showing clinical success but only
when combined with chemotherapy (2-8). This success was followed by development of a
class of anti-angiogenic agents targeting the VEGF receptor family (VEGFR-TKIs) that
showed improved single agent activity compared with bevacizumab. VEGFR-TKI
monotherapies prolonged overall and progression free survival in multiple metastatic cancers
(9-13). Given the success of VEGFR TKIs as monotherapy, a logical next step to improve
efficacy was combination clinical trials with cytotoxic chemotherapy. Unfortunately,
combination of VEGFR-TKIs with concurrent chemotherapy failed to show added benefit in
many clinical trials (14-20). This prompted our group to pursue potential mechanisms that
could explain the negative results.

Clinical work using 3’-deoxy-3’-18F-fluorothymidine (FLT) PET/CT imaging in patients
treated with VEGFR-TKIs showed decreases in tumor proliferative and vascular parameters
during VEGFR-TKI exposure, followed by a rapid vascular and proliferative rebound just
days after a break in VEGFR-TKI dosing (21-23). This rebound, also known as VEGFR-
TKI withdrawal flare, was evident with intermittent treatment cycles and independent of
tumor type. This information, led us to hypothesize that a sequential rather than concurrent
combination of VEGFR-TKI and chemotherapy would be most effective. We believe the
withdrawal flare can be exploited by ‘synchronizing’ chemotherapy during VEGFR-TKI
treatment breaks to maximize the therapeutic index of cell cycle-specific chemotherapy. This
sequential treatment strategy, i.e. applying cell-cycle specific chemotherapy during VEGFR-
TKI treatment breaks to specifically target the withdrawal flare, has not been studied
clinically to our knowledge.

Thus, we investigated the sequential treatment approach using the novel VEGFR-TKI X-82
in combination with docetaxel. X-82 is a small molecule indolinone inhibitor of VEGFRs-1,
-2, =3, platelet derived growth factor (PDGFR a and B), stem cell factor (c-kit), ligand for
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FLT-3, and receptor tyrosine kinase (RET). The aim of the study was to assess the safety,
tolerability, and pharmacodynamic effects of this sequential treatment strategy. Serial FLT
PET/CT scans and plasma VEGF measurements were performed in a subset of patients to
assess differences between pharmacodynamic effects in cycle 1 (after X-82 exposure) and
pharmacodynamic effects in cycle 2 (after docetaxel and X-82 exposure) (24-25).

METHODS
Study Population

Patients with histologically or cytologically confirmed solid malignancies that were
metastatic or unresectable were enrolled on the study. Patients had to have measurable
disease defined as at least one lesion that can be accurately measured in at least one
dimension (longest diameter to be recorded) as greater than 20 mm with conventional
techniques (CT, MRI, x-ray) or greater than 10 mm with spiral CT scan. All patients had
ECOG performance status of 0-1 and normal organ and marrow function as defined by the
protocol. Patients who had major surgery, chemotherapy, radiotherapy, or experimental
therapy within 4 weeks prior to entering the study were excluded. Additionally, patients with
poorly controlled hypertension were excluded due to potential complications associated with
anti-VEGF therapy. Informed consent was obtained from all patients prior to entering the
study and the study was approved by the Institutional Review Board at the University of
Wisconsin.

Drug Administration and Study Design

X-82 was provided to patients in 100 mg tablets. Patients underwent 1:1 randomization to
two X-82 dose levels; in the high dose cohort, patients took 400 mg X-82 once daily and on
the low dose cohort, patients took 200 mg X-82 once daily. Treatment cycles for all patients
consisted of continuous X-82 dosing on days 1 to 14 followed by a break in X-82 dosing on
days 15 to 21; docetaxel was administered intravenously (75 mg/m?) on day 21 of each
treatment cycle (Figure 1). Patients continued on treatment until radiographic disease
progression, clinical progression (based on physician discretion and or unacceptable
toxicity), or patient withdrawal of consent. Patients were evaluated for response and
radiographic progression every 3 cycles (9 weeks) using RECIST 1.1 guidelines (26).
Objective response was defined as the best response measured by RECIST 1.1.
Pharmacodynamic assessments, including FLT PET/CT imaging and plasma VEGF
measurements, were performed at four timepoints: 1) baseline, 2) maximum X-82 exposure,
3) maximum X-82 washout and 4) maximum X-82 exposure post docetaxel.

FLT PET/CT Imaging

FLT PET/CT scans were performed using a Discovery LS PET/CT scanner (General
Electric, Waukesha WI). At the beginning of each imaging session patients were injected
with FLT (mean injected dose 362 MBq, range 314-394 MBq). Sixty minutes post-injection
patients underwent a CT scan followed by a whole-body PET scan (5 minutes per scanning
position). The CT scan was used for PET attenuation correction and as an anatomic
reference for identifying tumors. The PET scans were reconstructed with an iterative 3D
ordered subsets expectation maximization algorithm with grid size 256x256, 2 iterations, 14
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subsets, and 4 mm post-filter; the PET voxel size was 2.73x2.73%3.27 mm. Standardized
uptake values (SUVs) normalized by patient weight were used to quantify cell proliferation
in each PET voxel.

Using the resulting PET/CT scans and baseline diagnostic radiology reports, an experienced
nuclear medicine physician identified tumors amenable for quantitative FLT PET analysis
(i.e. solid tumors outside of regions with high background FLT uptake such as liver and bone
marrow). The identified tumors were manually segmented using Amira software
(ThermoFisher Scientific Inc., Waltham MA). Tumor cell proliferation was quantified by
calculating the max (SUVmay), mean (SUVmean), and total (SUVgta) SUV of tumor voxels.
FLT PET/CT scans were not used for managing treatment of patients.

Plasma VEGF Measurements

Blood samples were drawn (4 mL) for analysis of VEGF levels by enzyme-linked
immunosorbent assay (ELISA). For each sample, plasma was separated by centrifugation at
approximately 1200g x 15 minutes, aliquoted into cryovials, and stored at —=70°C until
analysis. Each sample was analyzed using a commercially available 96-well plate
quantitative sandwich immunoassay (Quantikine® human VEGF, R & D Systems,
Minneapolis, MN) with a standard curve ranging from 31.2 to 500 pg/mL VEGF. At the
time of assay, all samples and standards were brought to room temperature and prepared on
the plate as recommended by the manufacturer. The plate was read at 450 nm using a
Molecular Devices SpectraMax 190 plate reader.

Statistical Analysis

RESULTS

Changes in SUV metrics were evaluated using a linear mixed effects model with patient
specific random effects and a compound symmetry correlation structure to account for
multiple tumors within the same patient. A separate model was formulated for estimating the
change in FLT uptake between each pair of time points. All SUV measurements were log-
transformed before conducting the analyses to satisfy the normality assumption. Model
estimated percentage changes and the corresponding 95% confidence intervals were back
transformed and reported on the original scale. All P-values were two-sided and P<0.05 was
used to define statistical significance. All model fitting was performed in R (v 3.2.00).

Percent changes in plasma VEGF measurements were calculated for each patient and
summarized in terms of medians and ranges. Significant changes in VEGF levels across time
points were assessed using Wilcoxon signed-rank tests. Significant differences in VEGF
levels between the high and low dose X-82 cohorts were assessed using Wilcoxon rank-sum
tests.

Patient Characteristics

From October 2014 to August 2016, 14 patients (8 patients in the low dose cohort; 6 patients
in the high dose cohort) were enrolled at the University of Wisconsin Carbone Cancer
Center (Table 1). The median patient age was 61 years (range 47 to 72) and 64% of patients
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were female. Patients had a variety of primary cancer histologies with the most common
being lung carcinoma (n=3). The median number of RECIST identified tumors (target plus
non-target tumors) at baseline was 5 (range 3 to 8). The median number of prior systemic
therapy regimens was 2.5 (range 0-11). Eleven patients (79%) had been treated with prior
chemotherapy. Two patients (14%) had been treated with a prior anti-VEGF agent.

Adverse Events

No patients experienced an adverse event greater than grade 3 that were possibly related to
X-82. For the six patients in the high dose X-82 cohort, three patients (50%) experienced at
least one grade 3 adverse event while on study (Table 2). For the eight patients in the low
dose X-82 cohort, three patients (38%) experienced at least one grade 3 adverse event while
on study. Of the 11 total grade 3 adverse events that were experienced, 7 (64%) occurred in
cycle 5 or later. Two patients had docetaxel doses reduced to 60 mg/m? after starting
treatment due to persistent neutropenia.

Disease Response

FLT PET/CT

For the six patients in the high dose X-82 cohort, the median time on treatment was 13
weeks (range 3 to 19). The objective responses for the high dose cohort were as follows: one
patient (17%) with partial response, four patients (67%) with stable disease, and one patient
who withdrew consent to participate in the study prior to any follow-up RECIST assessment
making them unevaluable for objective response. For the eight patients in the low dose X-82
cohort, the median time on treatment was 8 weeks (range 1 to 36). The objective responses
for the low dose cohort were as follows: three patients with stable disease (38%), three
patients with progressive disease (38%), and two patients that were unevaluable for objective
response.

Imaging

Four patients with fourteen metastatic tumors completed all four of the scheduled PET/CT
scans and were included in the imaging pharmacodynamic assessment. Figure 2 shows a
tumor with representative changes in SUV. Mixed effects modelling provided estimates of
changes in tumor SUVs during therapy (Table 3). During the cycle 1 X-82 exposure period
(X-82 alone), tumor SUV .« Significantly decreased (mean change —11%; P=0.04). During
the cycle 1 X-82 washout period, tumor SUV s« Significantly increased (mean change
+29%; P<0.01) consistent with the withdrawal flare phenomenon seen with other VEGFR-
TKIs (23-25). During the cycle 2 X-82 exposure period (post docetaxel administration),
tumor SUV . significantly decreased (mean change —44%; P=0.03). When performing a
paired test to compare the decrease in tumor SUV n,« in the cycle 2 X-82 exposure period
(post docetaxel) vs. that in the cycle 1 X-82 exposure period (X-82 alone), the cycle 2 X-82
exposure period was found to have a greater decrease in tumor SUV s« (P = 0.05). Percent
changes relative to baseline for all analyzed tumors are shown in Figure 3.

Plasma VEGF

Ten patients completed two or more plasma VEGF measurements and were included in the
VEGF pharmacodynamic analysis (Table 4 and Figure 4). Changes in plasma VEGF were

Cancer Chemother Pharmacol. Author manuscript; available in PMC 2020 May 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Scarpelli et al. Page 6
not significantly different between the low and the high dose X-82 cohorts. A combined
analysis of both cohorts demonstrated a median increase in plasma VEGF of +13% during
the cycle 1 X-82 dosing period (P = 0.57) and a median increase of +52% during the cycle 2
X-82 dosing period (P = 0.03).

DISCUSSION

While combination of VEGF ligand targeting agents like bevacizumab with chemotherapy
have shown added benefit, combining VEGFR-TKIs with chemotherapies has failed to
achieve the same benefit in many studies (14-20). Although there have been exceptions, we
hypothesized that the mostly negative results of VEGFR-TKIs with chemotherapy studies
are due to suboptimal scheduling with a concurrent rather than sequential approach (27).
This rationale formed the basis for this study where we investigated the effects of a novel
VEGFR-TKI X-82 used in sequential combination with docetaxel applied during VEGFR-
TKI treatment breaks. The primary goals of this study were to assess the safety/tolerability
of treatment and assess pharmacodynamic changes during the sequential treatment regimen.
None of the 14 patients in this study experienced an adverse event greater than grade three
and 6 (43%) patients experienced a grade 3 adverse event (with the majority of these grade 3
events occurring after 5 cycles of therapy). The sequential combination of X-82 and
docetaxel led to diminished tumor cell proliferation as measured by changes in FLT uptake.
Further, a greater decrease in FLT uptake was evident during cycle 2 (X-82 plus docetaxel)
than in cycle 1 (X-82 alone), suggesting sequential chemotherapy enhances the
pharmacodynamic effect of therapy.

The effect of X-82 at two dose levels (400 mg daily vs. 200 mg daily) was assessed in this
study. There were a greater number of patients with stable or partial response on 400 mg
X-82 (5/6 patients; 84%) than those on 200 mg X-82 (3/8 patients; 34%). However, there
were a greater number patients that experienced grade 3 adverse events on 400 mg X-82 (3/6
patients; 50%) than on 200 mg X-82 (3/8 patients; 38%).

Decrease in FLT PET parameters after two weeks of continuous X-82 exposure suggests an
on-target effect of X-82 that is line with expected decreases in tumor vasculature and
proliferation due to VEGFR-TKI exposure. Increases in FLT PET parameters during the
X-82 washout period, indicates a tumor withdrawal flare that is consistent with increased
tumor cell proliferation (14-16). After administration of docetaxel and two additional weeks
of X-82 exposure, FLT PET parameters decreased again. A greater decrease in FLT PET
parameters was evident in the second cycle of treatment suggesting greater decreases in
tumor cell proliferation. These results support the hypothesis that ‘synchronizing’ cell-cycle
chemotherapy with VEGFR-TKI treatment breaks will lead to greater anti-tumor effect than
VEGR-TKI monotherapy; however, further clinical studies are warranted to confirm long-
term clinical benefit. Although we did not assess the effects of docetaxel monotherapy, one
prior study has shown that tumor FLT SUV,ax had median change of —17.5% two weeks
after administration of docetaxel to patients with breast cancer (28). This is less than the
average change of —44% in FLT SUV ,« reported in this study during the sequential
combination of docetaxel and VEGFR-TKI, lending further support to the sequential
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treatment approach. It is important to note that three out of the four patients included in the
FLT PET/CT analysis were in the high dose X-82 cohort.

This study was limited in that it accrued only 14 of the targeted 30 patients as the study was
prematurely terminated due to a change in developmental strategy of the agent by the
sponsor. However, this is one of few clinical studies assessing the effects of sequential
chemotherapy applied during VEGFR-TKI treatment breaks. Further, X-82 is a novel
VEGFR-TKI that has been studied little in clinical trials and in only one other clinical trial
for treating cancer (29), indicating the potential value of these results for guiding future
development of X-82 as well as development of improved therapeutic strategies with
VEGFR-TKIs.
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PD #1 PD #2 PD #3 PD #4

PD = Pharmacodynamic assessment (FLT PET/CT and plasma VEGF measurements)
PD #1: One day prior to start of cycle 1 (baseline)

PD #2: Days 11-14 of cycle 1 (maximum X-82 exposure)

PD #3: Days 18-20 of cycle 1 (maximum X-82 washout)

PD #4: Days 11-14 of cycle 2 (maximum X-82 exposure post docetaxel)

Figure 1:
Study schema including drug administration and pharmacodynamic timepoints for the first

two treatment cycles.
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Baseline (PD 1) Maximum X-82 exposure (PD 2)

4 SUV
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Figure 2:
Axial FLT PET/CT slice of a lung tumor (Patient 2). The SUVyax for this tumor (indicated

by arrow) was 4.2 g/mL at baseline, decreased to 3.7 g/mL at maximum X-82 exposure in
cycle 1, then rebounded to 4.0 g/mL at maximum X-82 washout, and decreased to 2.0 g/mL
at maximum X-82 exposure in cycle 2. This patient achieved a partial response as measured
by RECIST but eventually progressed after 4 cycles due to development of new brain
metastases.
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Percent change in tumor SUVs relative to baseline for SUVpax (top), SUV mean (middle),
and SUVigta (bottom). Tumors from the same patient are shown in the same color.
Diminished SUVyx is evident for the majority of tumors during the cycle 1 (C1) and cycle
2 (C2) X-82 exposure periods. Increases in SUVax are evident for the majority of tumors
during the X-82 treatment break. Changes in SUV nean and SUViqta had similar trends as
SUV nax. However, SUV yeqan Was less sensitive to therapy induced changes than SUV .
SUVigta Was more sensitive than SUV pax to therapy induced changes but the SUVigta
changes demonstrated greater variability across patients than the SUVax Cchanges.
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Figure 4:
Percent changes in plasma VEGF relative to baseline. Median plasma VEGF levels

increased for all patients during the cycle 1 (C1) and cycle 2 (C2) X-82 exposure periods;
however, there was large amount of interpatient variability, particularly during the cycle 1
X-82 exposure period.
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Table 1:
Patient characteristics
Patient Age Gender Histology Cohort  No. of prior systemictherapies Prior VEGF therapy (Y/N)

1 72 Female Ovarian carcinoma High 6

2 57 Female Lung carcinoma High Y
3 57 Female Breast carcinoma Low 6 N
4 47 Female Thyroid carcinoma High 1 Y
5 64  Female Urothelial carcinoma High 2 N
6 71 Male Squamous cell carcinoma Low 4 N
7 65 Female Lung carcinoma Low 1 N
8 67 Male Lung carcinoma Low 2 N
9 54 Female Ovarian carcinoma Low 2 N
10 67 Female Endometrial carcinoma High 5 N
11 56 Female Breast carcinoma Low 11 N
12 65 Male Adenoid cystic carcinoma Low 0 N
13 53 Male Leiomyosarcoma Low 3 N
14 58 Male Unknown primary carcinoma High 0 N
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Adverse events of grade (Gr) 3 or greater that were possibly related to X-82.

Table 2:

Adverse event

Number of pts high dose cohort

Number of ptslow dose cohort

Gr 3 Hypertension

1

Gr 3 Low WBC 1 -
Gr 3 Infection 1 1
Gr 3 Anemia 1 -
Gr 3 Hyponatremia 1 1
Gr 3 Hypoalbumenia 1 -

Gr 3 Thrombosis

Gr 3 Rectal Hemorrhage
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Table 3:

Percent changes in tumor SUVSs across timepoints

SUV metric  Model Estimated Mean Change (%) 95% Confidencelnterval P-Value

Change PD1to PD2

SUVmax -11 -20t0 -2 0.04

SUVmean -2 -17 to +15 0.78

SUViotal -16 -33t0 +5 0.16
Change PD2 to PD3

SUVmax +29 +20 to +40 <0.01

SUVmean +19 +10to +28 <0.01

SUViotal +71 -9t0 +220 0.13
Change PD3to PD4

SUVmax —44 -63t0 -14 0.03

SUVimean -26 -40to -8 0.02

SUViotal -59 -73t0-37 <0.01
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Table 4:

Median percent changes in plasma VEGF for the low and high dose X-82 cohorts

Change PD1 to PD2
Median (%)

Range (%)

Change PD2 to PD3
Median (%)

Range (%)

Change PD3 to PD4
Median (%)

Range (%)

Low (n=4)
-13
-53to +37
Low (n=4)
-19
-45t0 +174
Low (n=3)
+62
+27 to +169

High (n=6)
+17
—-551t0 +195
High (n=5)
-32
—76 to +137
High (n=4)
+48
—21to +282

Combined (n=10)
+13
-55t0 +195
Combined (n=9)
-29
-76to +174
Combined (n=7)
+52
-21to +282
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