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Abstract

Purpose Rapid disease progression associated with
increased tumor proliferation has been observed during
withdrawal of anti-angiogenic therapy. We characterize the
dynamics of withdrawal flare for axitinib.

Methods Thirty patients with metastatic solid malignan-
cies received axitinib for 2 weeks, followed by a 1-week
drug holiday. Twenty patients suitable for PET imaging
received scans with '®F-3’/deoxy-3'fluoro-L-thymidine
(FLT), a marker of proliferation. Plasma VEGF and axitinib
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pharmacokinetic levels were also assessed at specified time
points.

Results During axitinib withdrawal, significant increases
in both SUV . (+22 %; p = 0.006) and SUV ... (4+20 %;
p = 0.001) were observed. Significant increases relative to
peak axitinib concentration were observed at day 2 with-
drawal for SUV,,, and SUV ..., with no further signifi-
cant increase from day 2 to day 7 of withdrawal. No signifi-
cant change in SUV . or SUV . was observed during
the treatment period, relative to baseline. VEGF concentra-
tion significantly increased when on drug (p < 0.001) and
decreased back to a level indistinguishable from baseline
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by day 7 of drug washout (p = 0.448). No correlation
between change in VEGF and change in imaging metrics
was observed.

Conclusions A significant increase in tumor proliferation
was observed during withdrawal of axitinib therapy, and
this flare occurred within 2 days of axitinib withdrawal. An
exploratory analysis indicated that this flare may be associ-
ated with poor clinical outcome.

Keywords Acxitinib - Pharmacodynamic - FLT PET/CT -
Angiogenesis inhibitors - Tyrosine kinase inhibitors

Introduction

Despite significant improvements in the treatment of solid
malignancies, most patients unfortunately experience dis-
ease progression and ultimately die of their disease. It is
therefore of the utmost importance to develop new thera-
peutic approaches, whether through discovery of new treat-
ment regimens or through improved matching of patients
with treatments that currently exist through personalized
medicine. Molecular imaging is an important tool in this
endeavor, to characterize both treatment effects and treat-
ment efficacy.

Angiogenesis, the process by which tumors develop vas-
cular structure, is known to be required for tumor growth
and progression, making it an attractive target for cancer
therapy [6, 7]. The best-described target of anti-angiogenic
therapy is the vascular endothelial growth factor (VEGF)
signaling pathway [7]. In the decades since VEGF’s initial
discovery [20], many targeted therapies against this path-
way have been developed and approved. Bevacizumab
was initially developed as a monoclonal antibody against
VEGEF, but it showed low single-agent activity in solid
malignancies [3, 8]. Tyrosine kinase inhibitors (TKIs) that
target the VEGF receptors (VEGFRs) were subsequently
developed, and these showed greater single-agent activ-
ity. Several VEGFR TKIs (sorafenib, pazopanib, and suni-
tinib) have been approved for the treatment of certain solid
malignancies, including metastatic renal cell carcinoma [5,
14, 22], hepatocellular carcinoma [13], and gastrointestinal
stromal tumors [24]. Axitinib is a potent second-genera-
tion VEGFR TKI that inhibits VEGFR 1, 2, and 3 without
inhibiting other targets, such as platelet-derived growth fac-
tor receptors, KIT, and FLT-3 [15, 17]. The relative potency
of axitinib is 50-450 times greater than that of other first-
generation VEGFR TKIs, making it a promising anti-angi-
ogenic agent with fewer off-target toxicities [21]. Axitinib
is now approved for the treatment of metastatic renal cell
carcinoma in patients who failed prior systemic chemo-
therapy [16]. Several trials have combined axitinib with
conventional chemotherapy, but the combinations studied

@ Springer

thus far have not been proven to be effective: axitinib plus
gemcitabine was not found to improve overall survival for
patients with advanced pancreatic adenocarcinoma [9],
and in patients with breast cancer, the addition of axitinib
to docetaxel was not found to increase time to progression
[19]. These negative findings may indicate that VEGFR
TKI therapy induces a tumor response that is antagonistic
to conventional chemotherapy, when the two are given in
combination.

A potential source of this antagonistic effect could be
“withdrawal flare,” a period of rapid tumor growth and
disease progression following cessation of treatment with
VEGFR TKI therapy [12, 18]. This has been described
clinically for patients with a wide variety of advanced solid
malignancies, including in the kidneys [12], lung [11],
and thyroid [26]. Although the detailed biological mecha-
nisms of withdrawal flare are unknown, increased cellular
proliferation is certainly a key component of rapid tumor
regrowth. Positron emission tomography (PET) imag-
ing with the proliferation marker '8F-3’deoxy-3/fluoro-
L-thymidine (FLT)—whose uptake measures thymidine
kinase 1 activity [20], and whose correlation with the gold
standard Ki-67 immunohistochemical proliferation marker
is both significant and independent of cancer type [2]—
provides an excellent means of assessing tumor response
to TKI treatment and cessation. This is especially true over
the relatively short time scales of withdrawal flare, where
functional imaging tends to be more responsive than ana-
tomical imaging [25].

A recent study used FLT PET to assess the proliferative
response of solid tumors to cessation of sunitinib therapy
[12]. In many patients, a decrease in tumor FLT uptake
during sunitinib treatment was followed by a significant
increase in uptake during scheduled treatment breaks. This
response pattern suggests that tumors exhibit decreased
proliferation during VEGFR TKI therapy, which may be
antagonizing cell cycle-specific chemotherapy given in
combination, while at the same time priming tumors for
rapid progression following TKI cessation [12].

The primary objective of the present study was to
observe and quantify pharmacodynamic changes associated
with axitinib withdrawal in patients with solid malignan-
cies, using FLT PET imaging. In particular, we assess the
change in FLT uptake following cessation of axitinib treat-
ment, to determine whether axitinib withdrawal is associ-
ated with a proliferative flare response. We further charac-
terize the temporal dynamics of this phenomenon, in order
to understand how axitinib might be deployed more effec-
tively in combination therapy. Finally, this study also inves-
tigates the relationship between quantitative biomarkers of
axitinib withdrawal flare and treatment outcome, in order to
explore their potential as indicators of patient prognosis or
disease resistance.
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Patients and methods
Patient selection

Patients were required to have histologically or cytologi-
cally confirmed advanced solid malignancies (excluding
lymphoma) that were metastatic or unresectable and for
which no standard curative therapy existed. All patients
were required to have measurable disease by RECIST 1.0
criteria and also at least one metastatic lesion that was
appropriate for FLT PET/CT imaging [23]. Other key
inclusion criteria included normal organ and marrow func-
tion, and well-controlled blood pressure (<140/90 mm Hg).
Exclusion criteria included therapeutic doses of coumarin-
derivative anticoagulants (although low molecular weight
heparin was allowed provided that the INR was <1.5), pre-
existing thyroid abnormality, known brain metastases, and
patients taking potent inducers or inhibitors of CYP3A4
liver enzyme. Steroid use was not recommended during
axitinib treatment. All patients signed informed consent
documents approved by the Institutional Review Board at
the University of Wisconsin. This study was conducted in
accordance with the Declaration of Helsinki.

Drug administration and study design

The full trial schematic is shown in Fig. 1. While on ther-
apy, patients were treated with axitinib at a dose of 5 mg
orally, twice daily, taken with food. Each cycle of axi-
tinib treatment was 21 days in duration. For cycle 1 only,
patients were instructed to take axitinib for 14 days, fol-
lowed by a drug holiday of 1 week (at least 7 days). For all
subsequent cycles, patients received axitinib continuously,
without any scheduled drug breaks. Axitinib was provided
by the sponsor.

VEGF/PK
Sampling ‘ ‘ ‘ ‘
Cohort A
FLT PET/CT ‘ ‘ ‘
Cohort B
FET%ET/CT ‘ * ‘ ‘
Axitinib Treatment Withdrawal
Daylm == m === = 12-14= 16 m = = = 2= == \\= 42 = o)

Fig. 1 Trial schematic. Red arrows indicate plasma sampling, which
are analyzed for circulating VEGF and axitinib PK levels; Blue
arrows indicate FLT PET/CT imaging for patients in cohort A; Green
arrows indicate FLT PET/CT imaging for patients in cohort B. All
patients receive imaging at peak axitinib exposure (day 12 to day 14),
and at the end of withdrawal (day 21)

Plasma VEGF/PK sampling

Plasma samples were drawn prior to axitinib therapy, at
peak drug concentration (day 12 to day 14), at the end
of the drug washout (day 21), and at the beginning of
cycle 3 (week 6; see Fig. 1). Samples were evaluated
for concentration of VEGF, using a commercially avail-
able 96-well plate quantitative sandwich immunoassay
(Quantikine human VEGF, R&D Systems); samples
were also analyzed for circulating axitinib levels and
to evaluate drug pharmacokinetics (PK), as previously
described [12].

FLT PET/CT imaging

Each patient received a series of three FLT PET/CT scans
during the first cycle of axitinib therapy (Fig. 1). All
patients received FLT PET/CT scans at peak concentra-
tion of axitinib (day 12 to day 14) and at the end of the
drug holiday (day 21), to assess the primary endpoint of
FLT response during the withdrawal period. For the third
scan, patients were divided into two cohorts, with patients
in cohort A receiving an FLT PET/CT scan at baseline
(day —3 to day 0) and patients in cohort B receiving an
FLT PET/CT scan on the second day of drug washout
(day 16).

Patients were scanned on a Discovery VCT (General
Electric) PET/CT scanner. At each imaging time point,
patients first received a low-dose noncontrast CT scan,
which was used for attenuation correction. Patients then
received a static whole-body PET scan (seven bed posi-
tions, 5 min per bed position, ~100 cm total axial field
of view) beginning 60 min post-injection. Scans were
acquired in three-dimensional mode and reconstructed
using the ordered subsets expectation maximization itera-
tive reconstruction algorithm with a 256 x 256 matrix
size, 35 subsets, 2 iterations, and a 3-mm Gaussian
post-filter.

The whole-body FLT PET/CT image was used to
identify metastatic lesions for analysis. For each patient,
up to four lesions were identified on the FLT PET/CT
scan by an experienced nuclear medicine physician, and
tumor regions of interest (ROIs) were manually seg-
mented. These tasks were performed by the same indi-
vidual for all patients on the study, to eliminate inter-
observer variability. PET images were converted to
standardized uptake values (SUV) following normaliza-
tion to injected activity and patient weight. Within each
lesion ROI, various SUV measures of FLT uptake were
analyzed (SUV ., SUV 0, SUV ey, and SUV ), in
order to fully characterize lesion response. For patients
with multiple lesions, the average response of all evalu-
able lesions was calculated.
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Table 1 Patient demographics

Characteristic

Age (years)
Median (range) 65 (44-78)
Number of patients
Gender
Female 7
Male 23
Primary disease site
Prostate
Kidney
Colon
Lung
Head/neck
Pancreas
Other
Number of organs with metastases
1 13
2 13
3+ 4

NN WA AR

Treatment response evaluation

Patients were evaluated for response and progression
after every three cycles (every 9 weeks) of therapy using
RECIST 1.0 guidelines [23]. An exploratory analysis was
added to categorize patients by clinical benefit (CB) sta-
tus (yes/no). We defined clinical benefit as those patients
who remained on axitinib beyond 6 months. Patients who
discontinued axitinib at month 6 or sooner for any rea-
son (including progression, toxicity, and patient/physician
discretion) were categorized as having no clinical benefit
(NCB). The rationale for defining clinical benefit this way
is due to the wide variety of solid tumor histologies repre-
sented in the recruitment population. Because of the large
range in progression-free survival among different solid
tumors, we chose a progression-free survival of 6 months
as unequivocally beneficial. The FLT PET/CT imaging data
were analyzed for correlation with patients’ CB status.

Statistical methods

FLT SUV imaging metrics and plasma VEGF and axitinib
PK levels were summarized in terms of medians and ranges
at each measurement time point. Changes between base-
line, peak axitinib exposure, and axitinib withdrawal meas-
urement time points were evaluated using a nonparametric
Wilcoxon signed-rank test. Associations between changes
in imaging metrics and changes in plasma VEGF and axi-
tinib PK levels were analyzed using Spearman’s rank corre-
lation analysis. In an exploratory analysis, the comparison
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of changes in imaging metrics between those with clinical
benefit (>6-month PFS) and those without clinical benefit
(<6-month PFS) was evaluated using a nonparametric Wil-
coxon rank-sum test. All analyses were performed using
SAS software version 9.3 (SAS Institute, Cary, NC). P val-
ues less than 0.05 were considered statistically significant.

Results
Patient characteristics

From July 2009 to October 2012, 30 patients were enrolled
at the University of Wisconsin Carbone Cancer Center
(Table 1). Of 30 enrolled patients, 20 were able to be fully
characterized via PET imaging, and 24 patients had some,
but not all data for pharmacodynamic analysis. An evalu-
able patient was defined as a subject who received all three
FLT PET/CT scans per protocol and at least 90 % of axi-
tinib doses prior to completion of FLT PET/CT scan #3.
Reasons for patients being non-evaluable were as follows:
incomplete sets of PET/CT scans due to technical difficul-
ties, patients unwilling to undergo the last PET/CT scan
secondary to treatment intolerability, and metastatic lesions
that were not FLT avid. Thirteen evaluable patients were
imaged on cohort A, and eleven evaluable patients were
imaged on cohort B.

Disease response and efficacy

All thirty patients were evaluated for treatment effect and
response by RECIST version 1.0 [23]. At best response, six
patients had partial response, nineteen patients had stable
disease, and five patients developed disease progression.
For the exploratory clinical benefit analysis, only those
patients who were evaluable for pharmacodynamic analysis
were evaluated. Five patients were classified as having clin-
ical benefit (6-month PFS) (cohort A = 1, cohort B = 4).
Nineteen patients were classified as having no clinical ben-
efit (cohort A = 12, cohort B = 7).

FLT PET/CT imaging

We have included representative images of the withdrawal
flare phenomenon as imaged by FLT PET/CT for both
imaging cohorts (Fig. 2). Quantitative imaging results are
shown in Fig. 3, for both individual patients and the pop-
ulation medians. Although many additional quantitative
imaging metrics were analyzed, we present only SUV ..
and SUV ..., as these likely capture different aspects of
tumor proliferation and response.

The quantitative results are plotted in Fig. 3 and sum-
marized in Table 2. Highly significant increases in both
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Fig. 2 FLT PET/CT images

of representative patients.

Top cohort A patient, with

head and neck carcinoma and
multiple pulmonary and pleural
metastases (two lesions shown).
Decrease in FLT uptake is
observed during axitinib treat-
ment, followed by substantial
increase during the withdrawal
period. Bottom cohort B patient,
with a carcinoma of unknown
origin and extensive lymphad-
enopathy in the pelvic area.
Increase in FLT uptake relative
to peak drug is visible on the
second day of washout and
persists through the seventh
day of washout. Both patients
progressed six or fewer months
after the start of axitinib therapy
and are classified as having no
clinical benefit. FLT uptake in
normal bone marrow is also

Baseline

Cohort A

Day 7 Washout

Peak Drug

observed

Peak Drug

Cohort B

SUV, .« (@ = 0.006) and SUV_ .., (p = 0.001) are seen
during the withdrawal period across all patients. The tem-
poral dynamics of this effect are such that by day 2 of with-
drawal, significant increases in both SUV .. (p = 0.032)
and SUV ... (p = 0.019) are observed, but no further sig-
nificant increase is seen to occur later in the washout period
(SUV ax P = 0.193; SUV,.an P = 0.232). No significant
change in either SUV_, or SUV_.. was observed during
axitinib treatment, relative to uptake levels at baseline.

Plasma VEGF and axitinib pharmacokinetics

Blood samples were collected at baseline, at peak axitinib
concentration, at the end of the axitinib withdrawal period,
and at the beginning of cycle 3 of axitinib therapy (see
Fig. 1). Samples were analyzed for level of plasma VEGF,
and the results are summarized in Fig. 4. The plasma VEGF
levels increased significantly from baseline to the time of
peak exposure (p < 0.001) and dropped significantly by the
end of the withdrawal period (p < 0.001). At the beginning
of cycle 3, plasma VEGEF levels had significantly increased

Day 2 Washout Day 7 Washout

once again relative to baseline (+105 %, range —39 to
+732; p < 0.001). The VEGF levels at the start of cycle 3
are not significantly different (p = 0.42) from the VEGF
levels found at the peak drug time point of cycle 1.

Changes in axitinib PK were also evaluated and sum-
marized in Table 2. There was a significant increase in the
plasma axitinib concentrations from baseline to peak axi-
tinib exposure (median 14 ng/mL; p < 0.001), followed by
a significant decrease from peak axitinib exposure to the
withdrawal (median —15 ng/mL; p < 0.001).

Correlation between plasma VEGF, pharmacodynamic
imaging, and response parameters

The correlations for the change from peak axitinib exposure
to withdrawal between the VEGF/PK and pharmacodynamic
imaging were assessed using Spearman’s rank correlations.
There was no significant correlation between VEGF and
SUV can> but a negative correlation between VEGF and SUV-
max (" = 0.045; p = 0.051). There was no significant correla-
tion between axitinib concentration and SUV .., or SUV_ .

@ Springer
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An exploratory analysis was performed to assess the
association between changes in pharmacodynamic imag-
ing with our classification of clinical benefit. In patients
classified as having no clinical benefit (<6-month PFS), we
observed a significant flare at day 7 of withdrawal relative
to peak axitinib concentration (SUV .. +28 %; p = 0.011;
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SUV ean +26 %; p = 0.003). In patients who were classified
as deriving clinical benefit, we found no significant increase
in FLT uptake during the withdrawal period (SUV ,, +8 %;
p =0.25; SUV_.an +4 %; p = 0.63). However, a Wilcoxon
rank-sum test showed no significant difference between the
two groups (SUV ., » = 0.6; SUV_ ... p = 0.3).
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Table 2 Summary of change in quantitative biomarkers over the
course of axitinib therapy

Time points n  Median Range p value
Percentage change in imaging parameters, all patients
Biomarker
SUV ax Washout (D7/ 20 22.1  —=30-136 0.006
peak)
SUV . ean Washout (D7/ 20 203 —12-90  0.001
peak)
Change in VEGF/PK, all patients
VEGF/PK
Axitinib Css  Treatment (peak/ 23 14 0-57 <0.001
(ng/mL) base)
Washout (D7/ 20 —15 —57-0  <0.001
peak)
VEGEF (%) Treatment (peak/ 22 117 —21-508 <0.001
base)
Washout (D7/ 20 —49 —85-15 <0.001
peak)
Percentage change in imaging parameters, cohort A
Biomarker
SUV ax Treatment (peak/ 10 —11.5 —=71-60  0.492
base)
Full cycle (D7/ 11 -0.7 =31-37  0.831
base)
Washout (D7/ 10 274 -30-136 0.084
peak)
SUV 1 ean Treatment (peak/ 10 —1.4  —63-17  0.375
base)
Full cycle (D7/ 11 —-0.1  —38-39  0.966
base)
Washout (D7/ 10 261 —11-76  0.049
peak)
Percentage change in imaging parameters, cohort B
Biomarker
SUV ax Early washout 11 173  —15-87  0.032
(D2/Peak)
Total washout 10 17.1 —8-119  0.049
(D7/peak)
Late washout 10 64 —13-72  0.193
(D7/D2)
SUV i ean Early washout 11  13.7 —7-61 0.019
(D2/peak)
Total washout 10 11.1  —-12-90  0.020
(D7/peak)
Late washout 10 2.4 —9-27 0.232
(D7/D2)

The Wilcoxon signed-rank test is used for comparing the change
between time points during each period. Percent change is used for
SUV .o SUV,ens and VEGF; absolute change is used for axitinib
PK. Css = concentration at steady state; Base = baseline (day —3
through day 0); Peak = peak axitinib exposure (day 12 through day
14); D2 = Day 2 of the washout period (day 16); D7 = Day 7 of the
washout period (day 21). Because not all patients are fully evaluable
at each time point, the number of patients included in each analysis is
given

500

400

300+

200+

VEGF Level (pg/ml)

100+

v
Baseline

Fig. 4 Individual patients’ change in plasma VEGF levels during
cycle 1. Note that in nearly every case, VEGF levels increased during
treatment and decreased during withdrawal

Discussion

We observed a significant increase in tumor prolifera-
tion—as assessed by changes in FLT PET uptake—during
the withdrawal period of axitinib treatment. This increase
may offer an explanation for the negative results of the tri-
als combining VEGFR TKI therapy with cytotoxic chemo-
therapy conducted thus far, and insights from the present
study may lead to the development of a treatment regimen
with greater efficacy.

This study was prospectively designed not only to observe
potential axitinib withdrawal flare, but to further characterize
its temporal dynamics. A previous study of the agent suni-
tinib [12] was the first to quantify changes in tumor prolif-
eration during TKI therapy and withdrawal, using FLT PET
imaging. In the present study, similar imaging time points
were chosen, to allow direct comparison between sunitinib
and axitinib FLT response (cohort A). Due to the much
shorter half-life of axitinib (4—6 h), an additional imaging
time point was included at two days of withdrawal, to evalu-
ate the temporal dynamics of the withdrawal flare (cohort B).
For all patients, the primary endpoint was to assess prolifera-
tive changes over the entire withdrawal period.

Axitinib showed similar effects in terms of both phar-
macodynamics and pharmacokinetics to those previously
observed for sunitinib [12], with comparable changes
in SUV metrics, VEGF levels, and drug PK observed for
both agents over the course of a 2/1 dosing schedule. These
results confirm that withdrawal flare as assessed with FLT
PET imaging is consistent across the two VEGFR inhibi-
tors. The greatest change in tumor FLT uptake was found
to occur within 2 days of axitinib withdrawal (SUV,,,
+17 %, p = 0.032; SUV, ., +14 %, p = 0.019), which
constitutes approximately ten half-lives of axitinib. By
contrast, relatively little change in FLT uptake is observed
between day 2 and day 7 of washout (SUV,, +6 %,
p =0.193; SUV, sn +2 %, p = 0.232).
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Although these results indicate significant proliferative
flare over the entire patient population, inspection of indi-
vidual patients’ response (dotted lines in Fig. 3) reveals
substantial inter-patient heterogeneity: For some patients,
only modest or no withdrawal flare was observed, while
other patients experienced substantial withdrawal flare.
There is no doubt explained in part by the heterogeneous
patient population (Table 1), yet when results are bro-
ken out by primary tumor type, no obvious trends emerge
linking any one particular tumor type to withdrawal flare
(results not shown). In fact, this variety in patients experi-
encing withdrawal flare serves to demonstrate that it is not
a phenomenon unique to any one tumor type, but rather a
general response that certain patients have to intermittent
dosing of anti-angiogenic therapy, independent of tumor
type.

This heterogeneity has implications for the use of
treatment holidays. In a prospective study of lung cancer
patients, cessation of TKI therapy was associated with a
clinically significant risk of accelerated disease progression
[1]. The study, which investigated the use of the drug crizo-
tinib, also found the median time to disease flare after TKI
discontinuation was 8 days (~4.5 half-lives) [1]. A simi-
lar pattern was revealed in the exploratory clinical benefit
analysis included in the present study. A higher proportion
of patients experiencing clinical benefit showed no signifi-
cant difference in FLT uptake at the end of washout, rela-
tive to peak axitinib concentration. One possible explana-
tion for this difference is that patients whose tumors show a
greater ability to adapt to anti-angiogenic therapy (e.g., by
mounting a proliferative flare response) may face a worse
prognosis, due to the activation of escape pathways. This
could account for the association between withdrawal flare
and poor clinical outcome. However, due to the small num-
ber of evaluable patients who responded favorably to axi-
tinib treatment (n = 4), this study is not sufficiently pow-
ered to test this hypothesis.

As noted by Chaft et al. [1], the incidence of disease
flare is currently unknown, and it is impossible to pre-
dict who will experience it. It has therefore been rec-
ommended that drug holidays should be eliminated,
to avoid the risk of disease flare and thus the increased
risk of rapid progression and poor survival. In the recent
CAIRO3 study, maintenance therapy with capecitabine
and the VEGF inhibitor bevacizumab was found to con-
fer an improvement in progression-free survival [10],
prompting consideration of whether treatment with anti-
VEGEF agents should be continued, in hopes of dampen-
ing any significant tumor proliferation, thus avoiding the
rapid progression that can occur with treatment cessa-
tion. However, the results of this FLT PET analysis may
support a different approach. The increased FLT uptake
during withdrawal suggests that a higher proportion of
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tumor cells may have entered the S-phase in response to
axitinib cessation. Thus, a sequential intervention using
an S-phase-specific chemotherapy agent may be effective
as early as 2 days post-cessation of axitinib therapy, as
the tumor will have already experience the majority of its
increase in proliferation.

Plasma VEGF levels also help to characterize and fur-
ther highlight potential mechanisms of the disease flare.
In another previous study of the agent sunitinib, plasma
VEGF levels were found to increase by threefold during
the first cycle of treatment and then return to baseline
levels during the scheduled treatment break [4]. How-
ever, the plasma VEGF level rose progressively higher
during each subsequent cycle of sunitinib therapy. This
ratcheting up of VEGF response may be a driver of tumor
resistance to sunitinib, as an increasingly strong angio-
genic signal is produced in response to sunitinib cessa-
tion. In our study, patients were treated with axitinib on
an intermittent (2-week-on/1-week-off) schedule only
during the first cycle; axitinib was given continuously
beginning with cycle 2. Although VEGF levels were
found to increase during axitinib therapy and decline dur-
ing washout, we did not observe a comparable ratcheting
effect. Plasma VEGF levels were no higher during cycle
3 than they were at peak drug exposure during cycle 1
(p = 0.42). This suggests a stable VEGF level through
three cycles of treatment, leading to the hypothesis that
axitinib may be a more sustainable option for managing
the compensatory resistance mechanisms represented
by the rise in VEGF observed in response to sunitinib
treatment.

Based in part on the results presented here, two new tri-
als have been initiated at the University of Wisconsin. We
have an ongoing trial to repeat the imaging sequence during
the third cycle of axitinib therapy, administering axitinib
on a 2/1 schedule for 3-week cycles. The relative stability
of plasma VEGF levels observed in this study can then be
compared with the new study, in which each cycle will con-
tain intermittent dosing. We are conducting another clini-
cal trial evaluating the sequential combination of the novel
TKI (X-82) with a short half-life (<8 h) with a cytotoxic
chemotherapy agent (docetaxel) in order to capitalize on
the tumor flare phenomenon. By coupling a cytotoxic agent
during the washout period, we plan to determine whether
efficacy can be improved by delivering a sequential combi-
nation of these two drugs.
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