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1 | INTRODUCTION

HAMAGUCHI ET AL.

Abstract

Aflibercept plus 5-fluorouracil/levofolinate/irinotecan (FOLFIRI) is a second-line
treatment for metastatic colorectal cancer. This ancillary exploratory analysis of data
in Japanese people was aimed at exploring the relationship between a set of poten-
tial prognostic biomarkers and efficacy endpoints following aflibercept plus FOLFIRI
therapy. Sixty-two patients with metastatic colorectal cancer received aflibercept
(4 mg/kg) plus FOLFIRI every 2 weeks. Seventy-eight potential protein biomarkers
were chosen for analysis based on their roles in angiogenesis, tumor progression, and
tumor-stroma interaction. Plasma levels of biomarkers at baseline and at pre-dose
3 (day 1 of treatment cycle 3) were measured in all patients by ELISA. Relationships
between these levels and efficacy endpoints were assessed. Ten potential biomarkers
had a +30% change from baseline to pre-dose 3 (adjusted P < .001), with the greatest
changes occurring in placental growth factor (median: +4716%) and vascular endothe-
lial growth factor receptor 1 (+2171%). Baseline levels of eight potential biomarkers
correlated with overall survival in a univariate Cox regression analysis: extracellular
newly identified receptor for advanced glycation end-products binding protein, in-
sulin-like growth factor-binding protein 1, interleukin-8, kallikrein 5, pulmonary sur-
factant-associated protein D, tissue inhibitor of metalloproteinases 1, tenascin-C, and
tumor necrosis factor receptor 2. None correlated with progression-free survival or
maximum tumor shrinkage. Pre-dose 3 levels did not correlate with any efficacy end-
points. Preliminary data show that these eight biomarkers could be associated with
overall survival. ClinicalTrials.gov identifier: NCT01882868.
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Early studies have identified biomarkers that may predict re-
sponse to treatment with aflibercept plus FOLFIRI. For example,

Colorectal cancer is one of the most common malignancies in the
Japanese population.1 The 5-year survival rate for mCRC is approx-
imately 12%.2

Aflibercept is an anti-cancer drug that has been used in combina-
tion with FOLFIRI as a second-line treatment for mCRC. Aflibercept
acts by binding to and sequestering VEGF-A and -B and PIGF,
thereby preventing downstream events such as angiogenesis and
metastasis. To date, the largest phase Il trial on aflibercept plus
FOLFIRI (EFC10262, or VELOUR)® was an international random-
ized double-blind study conducted outside of Japan and consisting
of 1226 patients with mCRC who had previously been treated with
oxaliplatin with or without bevacizumab. The researchers found that
aflibercept plus FOLFIRI significantly improved both overall survival
(OS; 13.50 vs 12.06 months, P = .0032) and progression-free sur-
vival (PFS; 6.90 vs 4.67 months, P =.0001) compared to placebo plus
FOLFIRI. Another multinational randomized double-blind phase Il
study (EFC11338) consisting of 332 patients in Asia yielded simi-
lar results: aflibercept plus FOLFIRI improved both OS (14.59 vs
11.93 months) and PFS (6.93 vs 5.59 months) compared to placebo
plus FOLFIRL*

analysis of plasma samples from the phase Ill VELOUR study led to
identification of several biomarkers potentially predictive or prog-
nostic of OS: VEGF-A, VEGF receptors 2 and 3, IL-8, macrophage mi-
gration inhibitory factor (MIF), and SP-D.° Lambrechts et al® found
that high plasma levels of IL-8 at baseline together with increased
levels of IL-8 during treatment were significantly associated with re-
duced PFS. However, there are currently no established biomarkers
that predict treatment response to aflibercept plus FOLFIRI.

The objective of the present study was to explore the relation-
ship between a set of potential prognostic biomarkers and efficacy

endpoints following aflibercept plus FOLFIRI therapy.

2 | MATERIALS AND METHODS

2.1 | Patients

This study included Japanese patients with mCRC whose cancer had
failed to respond to a prior oxaliplatin treatment regimen. Further
inclusion and exclusion criteria have been described in detail else-

where.” All patients gave informed consent.
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2.2 | Study design

The study design has been described in detail elsewhere.” A brief
description follows:

This study was a prospective, multicenter, open-label, single-arm
study. The first patient was enrolled on July 30, 2013, and the last
data were collected on August 28, 2015.

The study consisted of three time periods: a baseline period, a
treatment period, and a post-treatment follow-up period. During
the baseline period, tumors were imaged and baseline data were
collected. During the treatment period, the following treatment reg-
imen was given once every 2 weeks until disease progression, un-
acceptable toxicity, or patient withdrawal: aflibercept (4 mg/kg) by
i.v. infusion; then levofolinate (200 mg/m?) plus irinotecan (180 mg/
m?), simultaneously by iv. infusion; then a bolus of 5-FU (400 mg/
m?); and then 5-FU (2400 mg/m2) by continuous i.v. infusion. Tumors
were imaged every 6 + 1 weeks and at the end-of-treatment visit
30 * 3 days after the last study treatment. In the post-treatment
follow-up period, tumors were imaged every 6 weeks, and survival
status was determined every 2 months.

Primary endpoint (objective response rate) and secondary end-
points (PFS, OS, and pharmacokinetics) have been described previ-
ously.” The focus of the current article is an exploratory endpoint:
plasma levels of potential prognostic biomarkers.

2.3 | Assessments

A total of 109 potential protein biomarkers, including cytokines and
angiogenic factors (Tables S1 and S2), were chosen for analysis based
on their roles in tumor progression. Plasma was collected from all 62
patients at baseline and before infusion of aflibercept in treatment cy-
cles 1 and 3. Plasma levels of the potential biomarkers were assessed
by Myriad RBM using their multiplexed immunoassays, which are
based on Luminex bead technology: Assays were carried out on the
bead surface and then read in a compact analyzer using multiple la-
sers or light-emitting diodes and high-speed digital-signal processors.

Relationships between biomarker levels (at baseline and in treat-
ment) and efficacy variables (PFS, OS, maximum shrinkage in tumor
size, and best overall response) were assessed. Biomarker levels
were also analyzed in patient groups stratified by whether or not the

patients had previously received bevacizumab.

2.4 | Statistical analysis

All analyses of plasma protein biomarker variables were defined in an
ad hoc method and carried out on all patients. P values for biomarker
data were adjusted by FDR methods. Welch's test was used to deter-
mine P values for biomarker levels in patients stratified by whether
they had previously received bevacizumab.

Median values of biomarker data were used to examine cor-
relations with PFS and OS. This methodology has previously been
shown to be effective for use in exploratory investigations of poten-

tial relationships between biomarkers and clinical outcomes.®
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2.5 | Ethical considerations

As mentioned elsewhere,’ the present study was conducted in ac-
cordance with the principles of the Declaration of Helsinki, and in
compliance with all international and Japanese laws, regulations, and
guidelines. All aspects of the study were approved by an independ-
ent ethics committee and institutional review board.

3 | RESULTS

Sixty-two patients from 19 clinical sites in Japan were enrolled in
this study. Of the 109 biomarkers measured, 31 were excluded
from the analysis due to lack of informative data, as detailed in
Figure 1.

Upon visual inspection of histograms of the individual biomark-
ers, 47 of the 78 biomarkers were found to have a non-Gaussian
distribution. In order to obtain distributions closer to Gaussian distri-
butions, a logarithmic transformation was applied to measurements
for these 47 biomarkers.

Progression-free survival and OS were stratified by above versus
below median plasma concentration for each biomarker. Baseline
levels of eight biomarkers were found to correlate with OS with an
adjusted P < .05 (Figures 2 and 3). The most significant differences
in OS were found for TIMP-1, IL-8, and EN-RAGE (all P < .001), with
lower concentrations corresponding to longer OS for all three bio-
markers. Spearman's rank correlation coefficient at baseline was
0.80 between TIMP-1 and IL-8; 0.67 between TIMP-1 and EN-RAGE;
and 0.77 between IL-8 and EN-RAGE.

Median plasma concentrations used for stratification of OS were
22.50 ng/mL (CV, 295.213) for EN-RAGE, 26.33 ng/mL (87.557) for
IGFBP-1, 6.45 pg/mL (131.301) for IL-8, 3.30 ng/mL (33.276) for
kallikrein 5, 5.43 ng/mL (67.590) for SP-D, 430.25 ng/mL (57.457) for
TN-C, 76.00 ng/mL (43.984) for TIMP-1, and 5.78 ng/mL (34.486)
for TNFR2.

109
biomarkers

31 biomarkers were excluded:

e 27 because their levels were
below the LLOQ in >80% of
patients

> e 2 because data were available
for only 30 patients and values
were below the LLOQ

e 2 because 50% of the data
were discarded due to a
low-quality lot

\ 4

78 biomarkers
were analyzed

FIGURE 1 Flow chart of biomarkers measured, excluded from
analysis, and analyzed. LLOQ, lower limit of quantification
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FIGURE 2 Progression-free survival (PFS) (A) and overall
survival (OS) (B) stratified by above/below median plasma
concentrations at baseline of biomarkers with adjusted P < .05

for PFS or OS. These biomarkers were extracellular newly
identified receptor for advanced glycation end-products binding
protein (EN-RAGE), insulin-like growth factor-binding protein 1
(IGFBP-1), interleukin-8 (IL-8), kallikrein 5, pulmonary surfactant-
associated protein D (SP-D), tenascin-C (TN-C), tissue inhibitor of
metalloproteinases 1 (TIMP-1), and tumor necrosis factor receptor
2 (TNFR2). ***P < .001; *P < .05; NS, not statistically significant

Baseline levels of none of the biomarkers were found to correlate
with PFS, maximum shrinkage in tumor size, or best overall response,
using an FDR correction of P value as the indicator. On-treatment
levels of none of the biomarkers were found to correlate with any of
the efficacy variables.

Ten of the 78 potential biomarkers had a +30% change in plasma
concentration (P < .001) from baseline to pre-dose 3 (Table 1). The
most significant change was observed in PIGF, which had a 4716%
change. In patients stratified by having received prior bevacizumab,

significant differences were observed in baseline measurements

of four biomarkers (Figure 4). The largest difference was observed
in log-transformed VEGF: median was 6.47 pg/mL in patients who
had received prior bevacizumab versus 4.22 pg/mL in patients who
had not (P = 1.4E-14). Baseline levels of PIGF and decorin were also
significantly higher in patients who had received prior bevacizumab
versus those who had not, whereas the baseline level of ANG-2 was
significantly lower.

For 30 of the 78 biomarkers, two lots of reagent were used. Of
these 30 biomarkers, nine had a batch effect with P <.001 and/or
a value below the lower limit of quantification in one lot: VEGF-C,
HE4, carcinoembryonic antigen-related cell adhesion molecule 1,
cadherin-13, endoglin, VEGFR-1, hepatocyte growth factor re-
ceptor, human epidermal growth factor receptor 2, and ITAC. To
eliminate the confounding effect, a correction was applied for all
of these biomarkers except for VEGFR-1; for VEGFR-1, a quality
problem was suspected in lot 1 prior to treatment cycle 1, which
may have led to the apparent lot effect. For HE4 and ITAC, one lot
was discarded, and the two biomarkers were excluded due to lack

of available data.

4 | DISCUSSION

The objective of the present study was to explore the relation-
ship between a set of potential prognostic biomarkers and efficacy
endpoints following second-line treatment of mCRC with afliber-
cept plus FOLFIRI. We found eight biomarkers that are potentially
prognostic for response to second-line aflibercept plus FOLFIRI.
It is important to note that because this was a single-arm study,
it could not be determined whether these eight biomarkers are
actually prognostic, only that they are potentially prognostic for
treatment response.

Among the eight potentially prognostic biomarkers found were
TIMP-1 and IL-8: a lower baseline concentration of each of these
biomarkers correlated with a longer OS. Other researchers have also
implicated IL-8 as a potentially prognostic biomarker. Lambrechts
et al® found that high plasma levels of IL-8 at baseline together with
increased levels of IL-8 during first-line treatment with 4 mg/mL af-
libercept plus mFOLFOX6 (85 mg/m? oxaliplatin and 350 mg/m? leu-
covorin given simultaneously by i.v. infusion over 2 hours, followed
by 400 mg/m? 5-FU as a bolus and then 2400 mg/m? 5-FU by i.v.
infusion over 46 hours), given every 2 weeks,” were significantly
associated with reduced PFS compared to mFOLFOX6 alone. A ret-
rospective analysis of data from the VELOUR study also implicated
IL-8 as a potential prognostic biomarker, as well as SP-D,” similar to
the current study.

Interleukin-8 has been found to be potentially prognostic for
response not only to aflibercept but also to bevacizumab, which,

FIGURE 3 Kaplan-Meier curves of overall survival (OS) stratified by median plasma concentration at baseline for eight biomarkers: (A)
advanced glycation end-products binding protein (EN-RAGE), (B) insulin-like growth factor-binding protein 1 (IGFBP-1), (C) interleukin-8
(IL-8), (D) kallikrein 5, (E) pulmonary surfactant-associated protein D (SP-D), (F) tenascin-C (TN-C), (G) tissue inhibitor of metalloproteinases 1

(TIMP-1), and (H) tumor necrosis factor receptor 2 (TNFR2)



HAMAGUCHI ET AL.

(A) EN-RAGE
1.04
0.94
0.8
0.74
0.64
0.5
0.44

0.34

Kaplan-Meier Estimate

0.24

0.14 Symbol = Censor
. e—e—e Above
© 0 0 Below

0.04

HR =4.61

T T T

0 3 6
Number at risk
Above 31 30 24
Below 31 31 30

(C)IL-8
1.04
0.94
0.84
0.74
0.6
0.5
0.44

0.34

Kaplan-Meier Estimate

0.24

0.14 Symbol = Censor
. e—e—e Above
o 0 -0 Below

0.04

21
26

T T
12 15
Time (Mo)
12 9

25 23

T
18 21 24

4 1 1
20 7 1

HR =5.35

T T T

0 3 6
Number at risk
Above 30 29 22
Below 32 32 32

(E) SP-D
1.04
0.9
0.8
0.7
0.6
0.5
0.44

0.34

Kaplan-Meier Estimate

0.24

1 Symbol = Censor
0.1

e—e—e Above
o 0 -0 Below

17
30

1‘2 1‘5
Time (Mo)
12 8

25 24

T
18 21 24

4 0
20 8 2

o

27

0.04
T T T
0 3 6
Number at risk
Above 30 30 29
Below 32 31 25

(G) TIMP-1
1.0
0.9
0.8
0.7
0.6
0.5
0.44

0.34

Kaplan-Meier Estimate

0.24

0.1 Symbol = Censor
. e—e—e Above
o o -0 Below

0.04
T T T

26
21

T T
12 15
Time (Mo)
22 20
15 12

HR =6.04

0 3 6
Number at risk
Above 31 31 24
Below 31 30 30

HR, hazard ratio

w04

19
28

T T
12 15
Time (Mo)
10 7

27 25

Cancer Science NI =

1.04
0.9
0.8
)
T 0.7
£
& 0.6
]
g 0549
=
& 044
5
g 03
X
0.2
0.14 Symbol = Censor
. e—e—e Above
0.04 © -0 0 Below
: T T T T T T T T T T
0 3 6 9 12 15 18 21 24 27
Number at risk Time (Mo)
Above 31 31 26 21 13 1 6 2 0
Below 31 30 28 26 24 21 18 6 2
(D) Kallikrein 5
1.04
0.9
0.8
]
T 0.7
£
& 0.6
5]
=
& 044
5 .
0.2 "‘M”‘j
0.1 Symbol = Censor oo
. e—e—e Above
o 0 -0 Below
O.OAV T T T T T T T T T
0 3 6 9 12 15 18 21 24 27
Number at risk Time (Mo)
Above 31 31 31 28 22 20 17 7 2
Below 31 30 23 19 15 12 7 1 0
1.04
0.9
0.8
]
T 0.7
£
& 06
o}
=
e 044
ot
§ 039
X
0.2
0.1 Symbol = Censor
. e—e—e Above
o 0 -0 Below
OIOAV T T T T T T T T T
0 3 6 9 12 15 18 21 24 27
Number at risk Time (Mo)
Above 31 30 25 21 14 9 6 1 1
Below 31 31 29 26 23 23 18 7 1
1.04
0.9
0.8
]
T 0.7
£
& 06
o}
3 0.5
=
& 044
ot
5 0.3
0.2
0.1 Symbol = Censor
: e—e—e Above
o o -0 Below
OIO‘V T T T T T T T T T
0 3 6 9 12 15 18 21 24 27
Number at risk Time (Mo)
Above 31 31 25 20 14 13 8 2 1
Below 31 30 29 27 23 19 16 6 1



ELERVWITTSVE Cancer SCience

HAMAGUCHI ET AL.

TABLE 1 Potential prognostic biomarkers with a £30% change in plasma concentration (P < .001) from baseline to pre-dose 3

Biomarker

PIGF (pg/mL)
VEGFR-1 (pg/mL)
VEGF (pg/mL)
MMP-3 (ng/mL)
VEGFR-3 (ng/mL)
FRTN (ng/mL)
PARC (ng/mL)
IGFBP-1 (ng/mL)
cFib (pg/mL)
EN-RAGE (ng/mL)

Median plasma level (CV%) [min : max]

Baseline

26.50 (61.941) [8.0:72.5]
59.00 (282.331) [59.0:3899.5]
610.75 (64.106) [42.0:1470.0]
9.35(48.341) [4.4:27.0]
22.00(57.507) [5.1:71.5]
112.25 (112.920) [9.5:835.5]
76.25 (58.546) [26.5:266.5]
26.33(87.557) [0.3:126.0]
36.50(70.420) [11.0:189.0]
22.50(295.213) [1.1:2765.0]

Pre-dose 3

1320.00(31.579) [72.0:1990.0]

1905.00 (45.372) [693.0:3880.0]

881.00 (50.922) [497.0:3090.0]
23.00 (68.269) [5.8:92.0]
15.00 (57.449) [3.3:45.0]
186.00 (85.930) [23.0:950.0]
94.50 (54.861) [35.0:333.0]
55.00 (72.197) [0.3:175.0]
25.00(90.614) [7.5:148.0]
13.50 (265.312) [1.1:1170.0]

% change [min : max] Adjusted P?
4716.11 [65.5:23 900.0] 1.26E-16
2171.19 [-73.8:5628.8] 1.78E-16
92.06 [-9.3:3900.0] 2.23E-16
118.33 [-72.6:613.1] 1.15E-15
-33.64 [-75.4:27.3] 2.15E-11
57 [-32.4:817.6] 1.15E-09
30.19 [-33.3:136.5] 7.56E-08
50.5 [-96.9:2763.5] 1.99E-06
-36.09 [-77.6:185.4] 5.79E-05
-46.94 [-95.0:300.0] 1.31E-04

Abbreviations: cFib, cellular fibronectin; CV, coefficient of variation; EN-RAGE, extracellular newly identified receptor for advanced glycation end-
products binding protein; FRTN, ferritin; IGFBP-1, insulin-like growth factor-binding protein 1; PARC, pulmonary and activation regulated chemokine;

PIGF, placental growth factor; VEGF, vascular endothelial growth factor; and VEGFR-1, VEGF receptor 1.

?Adjusted using the false discovery rate method.
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like aflibercept, is an angiogenesis inhibitor. In one study, relative
change in IL-8 was associated with response to bevacizumab in pa-
tients with metastatic breast cancer.'® In other studies, IL-8 levels or
changes in IL-8 level were not found to be prognostic for objective

11,12 5

response rate, PFS, or OS in patients with colorectal cancer,
though in one of those studies, tissue samples rather than serum
were studied.!?

In the current study, 10 biomarkers, including four involved in the

VEGF pathway, had a +30% change in plasma concentration from

baseline to pre-dose 3. The highest increase observed at pre-dose 3
was for VEGF and PIGF which was likely due to stabilization of these
two proteins by aflibercept. Aflibercept plasma trough concentra-
tions showed the existence of a certain concentration of bound af-
libercept at pre-dose 3. Mean plasma trough concentrations of free
and adjusted bound aflibercept at pre-dose 3 were 7.1 pg/mL (CV,
53.00%) and 4.4 pg/mL (CV, 15.93%), respectively. Despite these
large changes, most of these biomarkers did not correlate with PFS
or OS. The only ones that did were IGFBP-1 and EN-RAGE, which
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had percent changes of 50.5 (adjusted P = 1.99E-06) and -46.94 (ad-
justed P = 1.31E-04), respectively.

Our results are consistent with those for bevacizumab in which
bevacizumab was also found to increase circulating PIGF in colorec-
tal cancer® and in ovarian cancer.! Its effects on VEGF have been
variable 1314

Baseline levels of four biomarkers were significantly differ-
ent in patients who had received prior bevacizumab versus those
who had not: VEGF, PIGF, and decorin were significantly higher
in patients who had received prior bevacizumab, whereas ANG-2
was significantly lower. Similarly, in an exploratory analysis of the
VELOUR study, VEGF-A and PIGF were found to correlate with
prior bevacizumab therapy®® in patients who received aflibercept
and FOLFIRI and in those who received placebo and FOLFIRI.'
None of the four biomarkers were found to be potentially prog-
nostic for treatment response.

Thirty-one of the original 109 biomarkers chosen based on their
roles in tumor progression were removed from analysis because of
insufficient data. It is possible that some of these 31 biomarkers are
actually prognostic for response to treatment with aflibercept plus
FOLFIRI. This remains to be studied.

One limitation of the present study is that there were a relatively
small number of study participants. Another limitation is that it con-
sisted of only a single arm, so comparisons in biomarker level between
a study treatment arm and a control arm could not be made. In addi-
tion, although the methodology used herein to explore potential cor-
relations between biomarkers and survival times, based on median
values, has been validated previously,8 future studies may choose to
incorporate alternative analysis methods using absolute rather than
relative cut-off values. It must also be noted that this study analysis
did not identify predictive biomarkers but merely identified poten-
tial biomarkers whose levels correlated with overall survival. To de-
termine whether the eight candidate biomarkers found in this study
actually predict prognosis, it would be important to do a double-arm
prospective study with a larger number of patients. Furthermore, the
possibility that the selected biomarkers are false positives cannot be
ruled out. Nevertheless, these data would be valuable for biomarker
selection in a meta-analysis of data from multiple studies.

In conclusion, eight biomarkers potentially prognostic for OS
were identified: TIMP-1, IL-8, EN-RAGE, SP-D, TN-C, IGFBP-1,
kallikrein 5, and TNFR2. Further studies are warranted.
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