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Aims: There is a need for predictive and surrogate response biomarkers to support
treatment with antiangiogenic vascular endothelial growth factor (VEGF) inhibitors.
We aimed to identify a minimally-invasive biomarker predicting benefit from
cediranib pretreatment or early during treatment in patients with recurrent or meta-
static cervical cancer.

Methods:

upon disease progression where appropriate from patients enrolled in CIRCCa, a

Blood samples were collected before treatment, during treatment and

randomised phase Il trial of carboplatin and paclitaxel with or without cediranib.
Plasma concentrations of VEGF-A, VEGF-receptor 2, Angl and Tie2 were measured
using multiplex enzyme-linked immunosorbent assay. Pretreatment and temporal
changes of the biomarkers were investigated using proportional hazard regression
and unsupervised clustering analysis.

Results: Samples (n = 556) from 52 patients were analysed. VEGF-receptor 2 (P =
.0006) and Tie2 (P = .04) were downregulated following cediranib, while VEGF-A (P
= .0025) was upregulated. High Eastern Cooperative Oncology Group performance
status (P = .02, hazard ratio [HR] = 2.15, 95% confidence interval [CI] 1.13-4.09)
and low pretreatment Tie2 concentrations (P = .003, HR = 0.57, 95%CI 0.39-0.83)
were independent prognostic factors associated with reduced progression-free sur-
vival. Two patterns of changes in VEGF-A following cediranib were identified.
Patients with elevated VEGF-A in the first 3 treatment cycles, regardless of magni-
tude, had reduced progression-free survival in the placebo arm but improved survival
with the addition of cediranib (P = .019, HR = 0.13, 95% CIl 0.02-0.71).

Conclusion:  Patterns of early elevation in plasma VEGF-A should be studied further

as a potential biomarker to predict treatment benefit from cediranib.
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1 | INTRODUCTION

Cervical cancer is the fourth most common cancer in women world-
wide,! and in the UK approximately 3200 women receive the diagno-
sis each year. The incidence of cervical cancer has decreased by
almost a quarter in the UK since the 1990s, although a slight increase
(4%) was observed in the last decade.? Overall 5-year survival rates
are ~65%: there is a dramatic difference with disease stage with
95% vyear survival in stage 0-1 patients and only ~5% for stage 4
patients.? Treatment options for patients who develop metastatic
disease or relapse within the irradiated pelvis are limited.

High tumour angiogenesis® and high vascular endothelial growth
factor (VEGF) expression*® are adverse prognostic factors for cervical
cancer patients. The GOG240 trial showed a survival benefit for
adding bevacizumab to paclitaxel-topotecan or paclitaxel-cisplatin
chemotherapy® with a recent meta-analysis of 19 trials showing
paclitaxel-cisplatin-bevacizumab had the highest probability of effi-
cacy.” The UK CIRCCa trial® showed that in patients with metastatic
or relapsed cervical cancer the addition of the VEGF pathway inhibitor
cediranib to cisplatin and paclitaxel improved progression-free survival
(PFS; P = .032, hazard ratio [HR] = 0.58). Adding antiangiogenic
therapies to conventional chemotherapy is associated with increased
toxicity® and cost’ and not all patients benefit. Thus, there is a need
to identify biomarkers that predict or monitor the benefit conferred
by VEGF inhibitors.

Several candidate biomarkers have been proposed previously. For
instance, early phase clinical trial evaluation of cediranib detected
pharmacodynamic changes in VEGF receptor 2 (VEGF-R2) concentra-

tions over the first 4 weeks of treatment.©

This finding was corrobo-
rated in CIRCCa® which included an assessment of changes in
VEGF-R2 concentration 28 days after treatment as a secondary end-
point of the trial. The trajectory of VEGF-R2, however, has not been
investigated. We and others have reported on the clinical significance
of angiopoietin pathway components (Angl, Ang2 and Tie2) in
patients receiving the VEGF inhibitor bevacizumab treatment for ovar-
ian and colorectal cancer.**™*® On the basis of these previous studies,
VEGF-R2, VEGF-A, Angl and Tie2 were selected for evaluation in this
study. The primary aim was to characterise the trajectories of these
angiogenesis-associated plasma biomarkers during treatment and to
determine the clinical significance of the biomarkers in patients receiv-

ing cediranib-cytotoxic therapy combinations for cervical cancer.

2 | METHODS

2.1 | Clinical trial protocol

Supplementary Figure 1 shows the CONSORT diagram for the transla-
tional study. Blood samples were taken from each patient twice before
treatment, on days 1, 8 and 15 of the first cycle of chemotherapy, on
days 1 and 8 of the second cycle of chemotherapy, at the beginning of
each following cycle of chemotherapy and every 2 months after

chemotherapy. The samples were collected in lithium-heparin tubes.

What is already known about this subject
e Adding
chemotherapy

antiangiogenic therapies to conventional

improves outcomes in recurrent/

metastatic cervical cancer.

e Biomarkers are in need to guide optimal use of
antiangiogenic therapies.

What this study adds
e The pattern of early changes in vascular endothelial
growth factor-A during cediranib treatment predicts

benefit on patient survival.

e Vascular endothelial growth factor-A should be used as a
surrogate response biomarker to guide optimal use of
cediranib.

Blood samples were processed to obtain plasma using an established
Standard Operating Procedure and plasma aliquoted and stored at -
80°C. Anonymised samples were shipped in batches to the central
sample bank managed by the Translational Radiobiology Group,
Division of Cancer Sciences at the University of Manchester, UK

where they were stored at -80°C.

2.2 | Outcome measures

The primary outcome of interest was progression-free survival (PFS),
defined as the interval from the date of randomisation to the date of
disease progression or death, whichever occurred first. Patients who
were alive without disease progression at the end of the study were
censored at the date of their last assessment. Disease progression
was defined clinically or by Response Evaluation Criteria in Solid
Tumors (RECIST) 1.1 criteria.2**> Secondary endpoints included over-
all survival (OS), defined as the interval from the date of randomisation
to the date of death.

2.3 | Enzyme-linked immunosorbent assay

Multiplex enzyme-linked immunosorbent assays (ELISAs) were used to
measure the concentrations of the circulating biomarkers Angl, Tie2,
VEGF-A and VEGF-R2 in patient plasma samples. The ELISAs were
performed using SearchLight chemiluminescent arrays and a Search-
Light Plus charged couple device imaging system (Aushon BioSystems,
Billerica, MA, USA). VEGF-R2, VEGF-A, Angl and Tie2 assays were
performed as a 2-plex. All assays were performed in the Clinical and
Experimental Pharmacology Group laboratories, Cancer Research UK
Manchester Institute in a Good Clinical Practice compliant facility.
In-house validation experiments for the analytes used in the assays

are described elsewhere 1116


http://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=1813
http://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=4867
http://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=1842
http://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=5085
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2.4 | Data analysis 3 | RESULTS

Time-dependent changes in concentrations of each circulating bio- 3.1 | Descriptive analysis

marker, measured as log, ratios relative to pretreatment concentra-
tions, were plotted against linear time as well as the percentage time
that elapsed between the start of treatment and the date of progres-
sion or censoring (%PFS; time elapsed divided by PFS interval). The
concept of percentage time is a method designed to address variation

in patient survival.?

Missing data were interpolated for plotting.

The pretreatment prognostic significance of each candidate
biomarker was assessed by including the biomarker as a sole covariate
in a proportional hazards model for survival, while its predictive signi-
ficance was assessed by including an additional term for treatment-
biomarker interaction in the model. In each case, we tested for the
corresponding null hypothesis of no effect via a Wald test. Assump-
tion of proportionality was verified based on Schoenfeld residuals.'”
A plot of the Martingale residuals from each marker specific analysis
was examined for evidence of nonlinearity in the biomarker-hazard
relationship.® The covariate was subjected to appropriate transforma-
tion, such as log, transformation, or dichotomisation by its median if
the above assumptions were violated. Biomarkers with P-values <.2
in the univariate analysis were selected for subsequent multivariate
proportional hazard regression analysis. A backward stepwise method
was applied in the multivariate analysis to identify the optimum subset
of biomarkers that were associated with survival. Due to the limited
number of patients, interactions of biomarkers were not explored
except for Angl and Tie2, for which an interaction was identified in
an earlier study.**

Acute changes of biomarkers were defined as the average of
biomarker levels from day 15, first treatment cycle to day 1, third
treatment cycle. This approach smooths out the large variation of bio-
markers observed in the first 2 cycles of treatment, which typically
introduce artefact in cross-sectional analysis. The acute changes were
examined for their prognostic and predictive significance for PFS and
OS, using the proportional hazard regression analysis described above.
There was no progression event during the first 2 cycles of treatment;
therefore, no time-dependent bias was introduced.

An unsupervised hierarchical clustering analysis was applied to the
longitudinal data of biomarkers from patients treated with cediranib to
explore heterogeneity within biomarkers. Based on correlation, the
method identifies patients with similar biomarker changes during
treatment without predefined criteria or cut-offs.

The analyses were carried out following the REMARK guideline?
and were implemented using Matlab R2017a%° and R 3.4.1.%*

2.5 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to
corresponding entries in http://www.guidetopharmacology.org, the
common portal for data from the IUPHAR/BPS Guide to PHARMA-
COLOGY,?? and are permanently archived in the Concise Guide to
PHARMACOLOGY 2017/18.%

Sixty-nine patients with recurrent or metastatic cervical cancer were
recruited into the CIRCCa trial, of whom 61 consented to give blood
samples for translational study and 52 were included in this longitudi-
nal biomarker study (Supplementary Figure 1). Nine patients were
discarded from the biomarker study because insufficient longitudinal
samples were available. The demographic characteristics of the 52
patients are shown in Table 1.

The number of samples collected for each patient ranged from 5 to
15, with a mean + standard deviation of 11.0 + 2.9 samples from the

TABLE 1 Patient characteristics

Control Research
(placebo) (cediranib)

Patient number 27 25
Age (y) 44 (25-64) 42 (24-77)
ECOG performance status

0 14 (19%) 14 (27%)

1 13 (33%) 11 (21%)
Disease site

Local relapse only 0 (0%) 6 (12%)

Extra-pelvic metastases only 9 (17%) 6 (12%)

Local relapse and extrapelvic metastases 18 (35%) 13 (25%)
Disease-free survival after primary therapy

<12 months 12 (23%) 14 (27%)

>12 months 15 (29%) 11 (21%)
Histology

Squamous 19 (37%) 17 (33%)

Adenocarcinoma 7 (13%) 5 (10%)

Mixed 1 (2%) 2 (4%)

Other 0 (0%) 1 (2%)
Degree of differentiation

Well 4 (8%) 1(2%)

Moderate 10 (19%) 10 (19%)

Poor 9 (17%) 10 (19%)

Unknown 4 (8%) 4 (8%)
Previous lines of treatment

0 3 (6%) 2 (4%)

1 24 (46%) 23 (44%)
Metastatic sites

Local 8 (15%) 7 (13%)

Lung 8 (15%) 6 (12%)

Liver 4 (8%) 3 (6%)

Para-aortic 10 (19%) 7 (13%)

ECOG, Eastern Cooperative Oncology Group
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27 patients in the control arm and 10.5 + 2.7 samples from the 25
patients in the research arm. In total, 2224 biomarker data points were
available for analysis. The variation of biomarker concentrations prior
to treatment are illustrated in Supplementary Figure 2, where Angl
demonstrated largest pretreatment variation. During treatment, the
plasma concentrations of biomarkers are summarised in Supplemen-
tary Table 1 and Figure 1, and the relative changes of biomarkers were
plotted in Figure 2.

3.2 | The clinical significance of pretreatment plasma
biomarker concentrations

Prognostic and predictive significance of biomarkers for PFS and OS
were investigated based on Cox proportional hazard regression analy-
sis. Pretreatment univariate analysis (Supplementary Table 2) and sub-
sequent multivariate analyses (Table 2) are reported. High Eastern
Cooperative Oncology Group performance status (P = .02, HR = 2.15,
95% confidence interval [Cl] 1.13-4.09) and low plasma Tie2 (P =
.003, HR = 0.57, 95%CIl 0.39-0.83) were adverse prognostic factors
for PFS (Table 2). VEGF-A had a borderline predictive significance
(P = .06, HR = 0.90, 95% Cl 0.81-1.01, Table 2), indicating that
patients with higher pretreatment concentrations of VEGF-A had
reduced PFS when treated with standard chemotherapy, whereas
those treated with the cediranib combination were not affected. Prior
to treatment, no biomarker had prognostic or predictive significance
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for OS (data not shown). The interaction of Ang1 and Tie2 had no pre-
dictive significance (P = .63).

3.3 | Correlation analysis

There were weak or no correlations between the pretreatment plasma
concentrations of circulating biomarkers (Supplementary Table 3). The
strongest correlations were VEGF-A/Angl (r = 0.34) and VEGF-A/
VEGF-R2 (r = 0.25). During the first 3 cycles of treatment, a consider-
able reduction in correlation between VEGF-A and VEGF-R2 was
observed in the cediranib arm but not in the placebo arm (reduction
of 0.5 vs 0.04 respectively). The lack of correlation between Angl
and Tie2 remained unchanged after the first 3 cycles of treatment in
the cediranib arm.

3.4 | Biomarker trajectories during treatment

As illustrated in Figure 2, the concentration of circulating VEGF-R2
reduced significantly following cediranib (P = .001) but increased in
the placebo arm, representing the expected pharmacodynamic
changes of VEGF-R2. Most of the reduction occurred during the first
cycle of treatment although median VEGF-R2 concentrations reached
the nadir at the end of cycle 3 (day 65). Acute changes of the bio-
markers (average changes in the first 3 cycles of treatment, see
methods) were examined and changes of VEGF-R2 predicted PFS
(P =.04, HR = 8.91, Supplementary Table 4). However, while elevated
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FIGURE 1 Concentrations of circulating biomarkers during treatment. Biomarker concentrations, measured before treatment, during treatment
and up to the point of diagnosis of progressive disease, were plotted against treatment time. The data are presented as median + standard error,
with solid lines representing biomarkers measured in the cediranib arm and dashed lines biomarkers measured in the control arm
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FIGURE 2 Relative changes of circulating biomarkers normalised by progression-free survival (PFS). Relative changes of biomarkers were plotted
against the percentage of PFS interval (%PFS). Here relative changes of a biomarker at a given time were defined as a log2 transformed ratio
between biomarker concentration measured at the time and that measured prior to-treatment. Plotting in relative changes reduced the
pretreatment biomarker variation between different arms, most notably in Angl and Tie2. The %PFS interval was defined as elapsed treatment
time divided by the length of PFS. A %PFS of O represents the start of treatment and 100 represents the diagnosis of PD or censoring. Using a
%PFS scale allows biomarkers from patients with different PFS intervals to be compared, especially at the later phase of treatment. The data are
presented as median * standard error, with solid lines representing biomarkers measured in the cediranib arm and dashed lines biomarkers

measured in the control arm

TABLE 2 Pretreatment multivariate analysis of prognostic and pre-
dictive significance

Hazard 95% confidence interval

Biomarker name P-value ratio of hazard ratio
Prognostic model
ECOG PS .02 2.15 1.13-4.09
Tie2* .003 0.57 0.39-0.83
Predictive model
ECOG PS .03 2.09 1.07-4.07
Tie2* .01 0.62 0.43-0.90
VEGF-A** .01 1.11 1.02-1.20
Treatment 71 1.23 0.42-3.60
VEGF-A: .06 0.90 0.81-1.01
treatment***

*log2 transformed due to non-linearity.
**VEGF-A divided by 100.

*okok

interaction between a biomarker and treatment, representing the pre-
dictive significance of the biomarker.

ECOG PS, Eastern Cooperative Oncology Group performance status;
VEGF, vascular endothelial growth factor

VEGF-R2 was associated with improved PFS in the placebo arm, it did
not predict PFS in the cediranib arm. Acute changes of other bio-
markers were not associated with PFS or OS.

The median plasma concentration of VEGF-A elevated following
cediranib (P = .003, Figure 2) but unsupervised clustering analysis
revealed that this was heterogeneous. Significant and prolonged ele-
vation occurred in approximately 2/3 of patients, whereas moderate
and transient increases were seen in the other patients, resembling
the VEGF-A trajectories seen in the placebo arm (Figure 3). To under-
stand the observed heterogeneity, VEGF-R2 of the same clusters were
plotted where little difference was found (Figure 3), indicating that the
observed VEGF-A heterogeneity was not caused by VEGF-R2.

The VEGF-A heterogeneity seen in the cediranib arm can be
translated into rules that dichotomise patients in both treatment arms.
Based on a linear regression of VEGF-A plasma concentrations
measured in the first-third cycles of treatment, patients with positive
slopes and positive average concentrations were considered to have
elevating VEGF-A trajectories, whereas the others were considered
to have stable/reducing VEGF-A trajectories. The prognostic and
predictive significance of the rules were examined with identified

prognostic and predictive factors taken into account. While patients
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FIGURE 3 Heterogeneity of vascular endothelial growth factor (VEGF)-A response to cediranib. An unsupervised clustering analysis
dichotomised patients treated with cediranib into 2 cohorts with distinct patterns of VEGF-A changes. Patients represented by the green solid
curve demonstrated moderate changes resembling those treated with standard chemotherapy. In contrast, patients illustrated with the black
dashed curve demonstrated significant elevation following cediranib. In these figures, relative changes of biomarkers were plotted against the
percentage of progression-free survival interval (%PFS). Relative changes of a biomarker at a given time were defined as a log2 transformed ratio
between biomarker concentration measured at the time and that measured prior to-treatment. The %PFS interval was defined as elapsed
treatment time divided by the length of PFS. VEGF-receptor 2 (R2) demonstrated little difference on the same clusters of patients, indicating that
the difference in VEGF-A elevation was not caused by VEGF-R2. The data are presented as median + standard error

with elevated VEGF-A demonstrated reduced PFS in the placebo arm,
PFS was significantly improved for these patients in the cediranib arm
(P =.02, HR = 0.13, 95%Cl 0.02-0.71, Table 3). PFS stratified by trial
arms and VEGF-A elevation are plotted in Figure 4. A similar trend was
observed for OS but was not significant (P = .06, data not shown due
to no significant factors being found). Examples of individual patients
with elevated or stable/reduced VEGF-A concentrations can be found
in Figure 5, where patients with the longest PFS in the cediranib arm
are illustrated.

Circulating Ang1 was downregulated in both arms demonstrating

only limited difference. Circulating Tie2 was downregulated in

TABLE 3 Patterns of vascular endothelial growth factor (VEGF)-A
changes following treatment predicts benefit from cediranib

Biomarker name P-value Hazard ratio 95% ClI
ECOG PS 0.04 2.05 1.05-3.98
Tie2* 0.01 0.61 0.42-0.89
VEGF-A pretreatment™* 0.01 1.13 1.04-1.23
Treatment 0.07 5.70 0.88-37.14
VEGF-A pretreatment: 0.01 0.83 0.71-0.96
Treatment™**
VEGF-A elevation 0.08 243 0.91-6.51
VEGF-A elevation: 0.02 0.13 0.02-0.71
Treatment***

*log2 transformed due to non-linearity.
**VEGF-A divided by 100.

***interaction between a biomarker and treatment, representing the pre-
dictive significance of the biomarker.

ECOG PS, Eastern Cooperative Oncology Group performance status

the cediranib arm and moderately upregulated in the placebo arm
(P = .04, Figure 2).

4 | DISCUSSION

In this study, circulating biomarkers were selected based on their clin-
ical significance in published studies of antiangiogenic therapy and
were investigated for their association with PFS and OS of cervical
cancer patients treated with cediranib. One of the primary objectives
of this study was to identify biomarkers that would predict the treat-
ment benefits associated with cediranib either prior to treatment or at
an early stage during treatment. Pretreatment plasma concentrations
of VEGF-A and acute changes of VEGF-R2 demonstrated predictive
significance in multivariate Cox proportional hazard regression
analysis. However, further investigation indicated that they only pre-
dict survival for patients in the placebo arm but not for those in the
cediranib arm. Thus, this finding is in keeping with literature that
describes the poor prognostic effect of plasma VEGF-A2* with
cediranib able to overcome this association presumably through inhi-
bition of the angiogenic effects of VEGF-A.

Analysis of the biomarkers at pretreatment revealed a correlative
relationship similar to that observed in ovarian cancer patients.'?
While the correlation between Angl and Tie2 increased following
bevacizumab in ovarian cancer patients, they were largely unchanged
in cervical cancer patients treated with cediranib. At the same time,
a reduction in correlation was observed between VEGF-A and
VEGF-R2 in patients treated with cediranib, but not in those treated
with bevacizumab. The difference may be attributed to the different

mechanism of VEGF inhibition with bevacizumab and cediranib. When
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FIGURE 4 Vascular endothelial growth factor (VEGF)-A changes predicts benefit from cediranib: survival curves. Progression-free survival (PFS)
of patients with or without elevated VEGF-A were plotted based on multivariate Cox proportional hazard model. In the placebo arm, patients with
elevated VEGF-A have reduced PFS than those without, whereas in the cediranib arm patients with elevated VEGF-A demonstrate improved PFS
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the ligand of the VEGF pathway was inhibited, the plasma concentra-
tions of its receptors were not affected. Whereas, if the receptors of
the VEGF pathway were inhibited, plasma VEGF-A concentration

increased, demonstrating an attempt by the tumour to escape

Days after treatment

Days after treatment

antiangiogenic treatment via greater release of VEGF-A. We also
observed that the changes of VEGF-A concentrations following
cediranib are heterogeneous, and the patients with elevated VEGF-A

had significantly improved PFS. Based on the hypothesis that tumours
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will only activate the negative feedback loop to release more VEGF-A
when the VEGF pathway was fully inhibited, elevation of VEGF-A can
be considered as a response biomarker for cediranib representing the
likelihood of patients to benefit from cediranib. Interestingly, it was
also discovered that the magnitude of VEGF-A elevation had little
association with treatment benefit from cediranib. It is the pattern of
VEGF-A changes that bestow value in clinic. A similar observation on
VEGF-A was reported in non-small cell lung cancer patients treated
with cediranib.?®

The concept of VEGF-A elevation as a response biomarker for
cediranib can be translated as follows for its use in the clinic: benefit
from cediranib is expected if a patient demonstrates (i) a positive
concentration-time relationship and (ii) a positive average change on
VEGF-A concentration up to day 1 of the third cycles of treatment.
Making use of a series of post-treatment data, such a definition will
help remove any artefact from random noise inherent in cross-
sectional analysis.

Pretreatment concentrations of Tie2 and Angl predicted benefit
from bevacizumab in ovarian cancer patients.11 In this study, however,
the predictive significance of the product of Angl and Tie2 was not
validated here for cediranib in cervix cancer patients. Instead, high
pretreatment concentrations of Tie2 were prognostic for improved
PFS. This result is in contrast with what observed in metastatic
colorectal cancer?® and muscle-invasive bladder cancer patients,26
where low pretreatment concentrations of Tie2 were associated with
improved PFS. On the other hand, it was observed that high tissue
concentrations of Tie2-expressing monocytes, defined by co-
expression of CD14 and Tie2, were associated with prolonged survival
in hilar cholangiocarcinoma.?”

4.1 | Conclusion

Patterns of change in plasma VEGF-A concentration following treat-
ment predicted benefit from cediranib in cervical cancer patients and
should be explored further as a biomarker for selecting patients for
antiangiogenic therapies.
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