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Abstract

Introduction: Retrospective exploratory analysis to identify biomarker pairs in the AVAGAST Phase Il study.

Aim: The main hypothesis of this retrospective exploratory biomarker analysis is the identification of dichotomization levels
based on optimal selection driven by the predictive value of single biomarkers. The outcome of interest optimization might
unveil additional treatment benefits. Furthermore, testing the biomarker pairs at their optimal cut-off selection might provide

the predictive score candidates.

Material and methods: 712 plasma 92% and 727 plasma 94% tumor samples of all patients were using Cox model by
identifying optimal dichotomization to maximize treatment benefit. A quadrant analysis grouped biomarker pairs into subsets
yielded the best clinical benefit. Candidate biomarker score using the nested 2-fold cross-validation method was used to adjust

the optimal cut-off selection.

Results: Patients with lower VEGF-R1 at optimal cut-off with low IHER2G showed significant improvement in PFS —first line
(HR = 0.62; 95% Cl: 0.50 to 0.78). The interaction p-value of the biomarker pair was adjusted at 0.0147094.
Conclusions: The predictive biomarker is a potential candidate for PFS — first line in patients with advanced gastric cancer

treated with Bevacizumab.

Introduction

The anti-angiogenic therapy binding the vascular
endothelial growth factor-A (VEGF-A) was tested for
treating many tumor types. AVASTIN was successfully
approved in colon cancer, lung cancer [1], renal cancer
[2], second-line treatment of glioblastoma [3], ovarian
cancer [4], and cervical cancer [5]. Additionally, many
biomarker programs focused on plasma and tumor
markers attempted to identify the predictive biomarker
across different tumor types [6]. Moreover, most of that
analysis was retrospective and based on predefined
cut-off selection levels, with the exception of the ovar-
ian cancer study to test the biomarker combinations
[7, 8].

Existing data in biomarker programs have some lim-
itations; for example, a list of predefined measured bio-
markers. Some authors [6] claim feasibility in replicating
existing results due to assessments of the same panel
of biomarkers across different tumor types. Therefore,

the lack of large biomarker programs in the same indi-
cations does not allow their validation in independent
data cohorts. Moreover, single biomarkers at data-driv-
en levels might not sufficiently identify the predictive
value of complex angiogenesis processes. The men-
tioned authors [6] proposed the integration of markers
into panels to achieve predictive scores.

The prospective biomarker program in the AV-
AGAST phase Il gastric tumor study is one of the
largest in terms of collected samples of plasma and
tumor biomarkers. The previous exploratory analysis
revealed plasma VEGF-A and tumor neuropilin-1 as
predictive biomarker candidates [9] at their median
cut-off selection. However, the panel of tested bio-
markers consists of plasma circulating VEGF-A, tumor
marker VEGF-A expression, VEGFR-1, VEGFR-2 recep-
tors, and neuropilin-1 and could be a source of the
further research in identifying the potential predictive
biomarker scores.
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Aim

The main hypothesis of this retrospective explorato-
ry biomarker analysis is the identification of dichoto-
mization levels based on optimal selection driven by
the predictive value of single biomarkers. The outcome
of interest optimization might unveil additional treat-
ment benefits. Furthermore, testing the biomarker
pairs at their optimal cut-off selection might provide
predictive score candidates. Importantly, the AVAGAST
study, with its large biomarker scale program, allows
the implementation of resampling methods to adjust
those results. In the literature of prognostic biomarkers,
there are methods adjusting the p-value of a generated
hypothesis based on multi-testing approaches. One of
those is the 2-fold cross-validation methodology pro-
posed by Faraggi and Simon [10].

Material and methods

The study design was described in detail [11] for
this phase Il study — “multinational, randomized, pla-
cebo-controlled trial designed to evaluate the efficacy
of adding bevacizumab to capecitabine-cisplatin in the
first-line treatment of advanced gastric cancer”. De-
tails of the sample collection and its assessment were
also described elsewhere [9]. The AVAGAST biomarker
program was one of the largest prospective programs
with a high rate of collected samples and prospective-
ly designed study. Patients included in the prospective
biomarker gastric cancer study program contained
712 plasma samples and 727 tumor samples, which is
92% and 94%, respectively, of the overall randomized
population.

Statistical analysis

This analysis is divided into three steps. Firstly, the
optimal selection of single biomarkers is estimated by
maximizing the outcome of the predictive value utiliz-
ing the main efficacy endpoints: overall survival and
progression-free survival during the first-line treatment.
The Cox proportional hazard models with randomized
treatment group, dichotomized biomarker, and the in-
teraction of treatment with the dichotomized biomarker
were optimized for the smallest interaction p-value of
the Wald test. Using this model, in the range of 20" to
80th percentile, each of the biomarker values was used
to dichotomize biomarkers and the interaction.

In the second step, the revealed optimum levels
of each biomarker using forest plots resulted in the
identification of promising groups, showing the max-
imum benefit of the experimental versus placebo arm.
Based on those results, biomarker pairs were identi-
fied and followed by quadrant analysis of their com-

binations, which led to the identification of the new
biomarker scores. The results of the newly identified
subgroup might be biased due to the multiple testing
in identifying the optimal cut-off selection at dichot-
omization.

Lastly, the new candidate’s binary predictive bio-
marker scores were adjusted for the interaction of the
biomarker with treatment utilizing 500 resampling
2-fold cross-validation. The adjusted p-value was calcu-
lated as an average of all 500 values resulting from the
proposed method by the authors [10] in the predictive
biomarker setting.

Results

Comparison of results at the median and
optimal cut-off

Continuous biomarker candidates were analysed,
and their cut-off selection at the optimal level was
determined using the multi-testing approach. The out-
come of interest was the minimization of the interac-
tion p-value of the Wald-test based on the overall sur-
vival and progression-free survival.

The Forest plots of hazard ratios for overall sur-
vival are shown in Figure 1 at their optimal selection
levels. Those results unveiled greater sensitivity for
the low VEGF-A (HR = 0.80; 95% Cl: 0.65 to 0.99), low
VEGF-R1 (HR = 0.81; 95% Cl: 0.65 to 1.01), low VEGF-R2
(HR = 0.78; 95% Cl: 0.62 to 0.96), low NRP1 HR (HR =
0.70; 95% Cl: 0.51 to 0.95), and high baseline plasma
VEGF-A (HR = 0.66; 95% Cl: 0.5 to 0.86). Observed im-
provements in comparison to median cut-off selection
based on Van Cutsem et al., 2012 are subject to the
optimal selection of the dichotomization levels. In com-
parison to the dichotomization measures of biomarkers
at their median level, a general trend could be observed
in favour of the bevacizumab arm, especially for Tis-
sue VEGF-A, VEGFR2, where the HR and the confidence
intervals are below one. Previously identified potential
biomarker candidates [9] — plasma VEGF-A and tumor
Neuropilin-1 — improve their hazard ratios. However,
the overall survival analysis at optimal selection also
provides new insights into the negative biomarker pop-
ulation. It is important to note that the observed hazard
ratio for VEGFR1 biomarker above the median cut-off
selection was estimated at 0.98 with 305 patients in
the subgroups, whereas in the group above the opti-
mally selected cut-off level the hazard ratio was esti-
mated at 1.5 for a subgroup of 127 patients. It might
be important in defining the biomarker scores, where
the subpopulation based on the optimal selection level
might unveil the non-responder groups.

The progression-free survival during the first-line
treatment results in comparison to the median cut-off
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Baseline risk factors Totaln Pl + CapC Bv7.5 + CapC Hazard 95% Wald CI Bv7.5 + CapC Pl + CapC
(N=387) (N=387) ratio better  better
n n
All patients 774 387 387 0.87 (0.73,1.03) = o
EGFR [
< Optimal 464 221 243 0.95 (0.76,1.19) i
> Optimal 232 129 103 0.82 (0.60, 1.11) —
HER2 !
< Optimal 512 258 254 0.86 (0.69, 1.06) '—q'—4
> Optimal 215 107 108 1.00 (0.72,1.39) ———
IHC HER2 !
Negative 676 332 344 0.88 (0.73, 1.05) —
Positive 51 33 18 136 (O.70, 2.62) —_
FISH HER2 !
Negative 488 237 251 0.89 (0.71,1.10) —al
Positive 88 48 40 0.86 (0.51, 1.45) —d—
Overall HER2 !
Negative 633 314 319 0.90 (0.74, 1.09) —mh
Positive 98 54 44 0.90 (0.55, 1.46) e
Tissue VEGFA !
< Optimal 500 252 248 0.80 (0.65, 0.99) ———
> Optimal 201 103 98 1.28 (0.90, 1.81) =
VEGFR1 !
< Optimal 502 244 258 0.81 (0.65,1.01) —-—
> Optimal 127 71 56 1.50 (0.99, 2.28) N |
VEGFR2 !
< Optimal 495 244 251 0.78 (0.62,0.96) — —
> Optimal 202 108 94 1.19 (0.85, 1.66) =
NRP1 !
< Optimal 228 117 111 0.70 (0.51,0.95) —e
> Optimal 451 218 233 1.03 (0.82,1.30) 1
Log2(Plasma VEGF at BL) !
< Optimal 406 199 207 1.04 (0.81,1.33)
> Optimal 306 158 148 0.66 (0.50, 0.86) —a—
1
1
1
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Figure 1. Forest plot of hazard ratios for overall survival dichotomized by the optimal cut-off level at baseline
EGFR — epidermal growth factor receptor, NRP1 — neuropilin-1, VEGFA — vascular endothelial growth factor-A, VEGFRI1 — VEGF receptor-1,

VEGFR2 — VEGF receptor-2.

selection provides more favourable optimal selections
for the bevacizumab arm, as shown in the figure below.

Forest plots of hazard ratios for progression-free
survival for the first-line treatment are presented (Fig-
ure 2) at their optimal selection levels. Those results
unveiled more favourable measures among pre-speci-
fied biomarkers, e.g.: low VEGF-A (HR = 0.69; 95% Cl:
0.56 to 0.85), low VEGF-R1 (HR = 0.63; 95% Cl: 0.51 to
0.78), high VEGF-R2 (HR = 0.69; 95% Cl: 0.55 to 0.85),
low NRP1 HR (HR = 0.71; 95% Cl: 0.58 to 0.86), and
high baseline plasma VEGF-A (HR = 0.58; 95% Cl: 0.45
to 0.76). Similarly to the overall survival, the improve-
ments were observed in comparison to median-based
results [9]. However, in both cases, those results need to
be assessed cautiously and might require further pro-
spective validation or adjustment of those results. The
same trend was observed for the tissue VEGFR1 when
compared to the median-based selected dichotomiza-
tion. The observed hazard ratio above median level was
estimated at 0.89 for a subgroup of 305 patients, and
increased to 1.41 for a subgroup of patients above the
optimally selected cut-off in the group of 144 patients.
Finally, it should be noted that its optimal selection con-
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firmed a trend and the potential of tumor expression
markers as predictive biomarkers candidates.

Comparison of biomarker pairs at their

optimal cut-off selection in quadrant

analysis

The authors [9] in the main biomarker analysis for
AVAGAST did not test the association of biomarker
pairs. Individual biomarkers were only tested for associ-
ation of their quartiles. Based on the second step of this
analysis, the combination of dichotomized biomarkers
in quadrant analysis was performed to generate the hy-
pothesis of additional synergies of clinical benefit and
improve the understanding of the angiogenesis process.
Based on the results (Figures 1 and 2), the most promis-
ing tumor expression biomarkers were analysed further
in quadrant analysis for both endpoints. For example,
the progression-free survival during first-line therapy
provides insights into the treatment benefit of bevaci-
zumab when combining the biomarker information at
their optimal selection levels.

The analysis of the tissue biomarker pair: low
VEGFR1 and negative IHC HER2 shows an advantage of
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Baseline risk factors Totaln Pl + CapC Bv7.5 + CapC Hazard 95% Wald CI Bv7.5 + CapC Pl + CapC
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Figure 2. Forest plot of hazard ratios for progression free survival dichotomized by the optimal cut-off level

at baseline

EGFR — epidermal growth factor receptor, NRP1 — neuropilin-1, VEGFA — vascular endothelial growth factor-A, VEGFRI — VEGF receptor-1,

VEGFR2 — VEGF receptor-2.

the bevacizumab arm among 448 patients (HR = 0.63;
95% Cl: 0.50 to 0.78) — unadjusted results. Bevacizum-
ab treatment demonstrates improvement of efficacy for
progression-free survival in patients of this biomarker
score. As indicated already above, the combination of
selected biomarkers seems to have the strongest nega-
tive effect for IHC HER2 positive at HR = 1.22 and above
the optimal selection of VEGFR1 at HR = 1.41 (Figure 3).

Among others, this pair of biomarkers was used fur-
ther to construct the new biomarker score: low VEGFR1
and negative IHC HER2. It should be noted that new
quadrant dichotomization selects 448 out of 774 of the
randomized patients. Hence, the combination of optimal-
ly selected levels in those combinations discriminates
a substantial part of the randomized patient between
the bevacizumab-treated patients and a lack of this ef-
fect in the control-arm-treated patients. The unadjusted
Wald-test of the interaction of the above score was sig-
nificant. Therefore, it required further assessment.

In the last step, the new biomarker score was ad-
justed. The procedure of 500 times resampling of 2-fold
cross-validation was used on the Wald-test to adjust

the interaction p-value and provided the average of
0.0147094 from the estimated p-values. Therefore, the
new biomarker score of low VEGFR1 and negative IHC
HER2 was classified as significant after the adjustment.
However, it also required a check for the bias of select-
ed biomarker evaluable population patients.

The above KM curves shown in Figure 4 show that
the placebo arms denoted as B_pos Pl + CapC and Pl +
CapC represent similar progression-free survival during
the first line therapy. On the contrary, the survival bene-
fit for the experimental arm provides the improvements
between the ITT and the new biomarker-positive pop-
ulation low VEGFR1 and negative IHC HER2. The pre-
defined biomarkers or their scores might result in a new
subpopulation definition and extrapolation to the gen-
eral population. Therefore, it is crucial to conduct this
analysis and confirm that the efficacy improvement
is not caused by the selected sub-population and the
identified biomarker score.

The predictive biomarkers could also be classified
as qualitative or quantitative. To distinguish it, the ad-
ditional analysis of the survival of positive and negative

Gastroenterology Review 2023; 18 (4)
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Baseline risk factors Totaln Pl + CapC Bv7.5 + CapC Hazard 95% Wald CI Bv7.5 + CapC Pl + CapC
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n n
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1
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Figure 3. Forest plot for progression-free survival during the first line for tissue biomarker pairs VEGFR1 at
optimal selection cut-off point and the negative IHC HER2
Baseline risk factors Pl + CapC (N = 387) Bv7.5 + CapC (N = 387) Hazard ratio 95% Wald Cl Bv7.5 + CapC better Pl + CapC Cl better

0.5

0 3 6 9 12 15 18 21 24
Time [months]

— B_pos Pl + CapC (N = 213)
——-Pl+ CapC (N = 385)

n at risk
— B_pos Pl + CapC

213 136 70 39 19 8 4
—-—B_pos Bv7.5 + CapC

235 175 120 70 40 21 3 1
—-—-Pl+CapC

385 252 126 72 41 22 11 3
—-—-Bv7.5+ CapC

384 280 181 102 56 31 8 3

—-=B_pos Bv7.5 + CapC (N = 235)
—-—-Bv7.5+ CapC (N = 384)

Figure 4. Kaplan-Meier curve of new biomarker
score noted as B_pos population versus the ITT
population

Program: /opt/BIOSTAT/prod/cdp10044/bo20904/f
eratepfsflibep_20.sas Output: /opt/BIOSTAT/prod/cal0044b/
r20904a/reports/f eratepfsflibep_20_1001.png 10FEB2019 12:11

scores is required. The plot (Figure 5) shows both nega-
tive population Kaplan Meier curves denoted as B_neg
Pl + CapC and B_neg Bv7.5 + CapC, which are located
between the 2 positive biomarker curves: B_pos Pl +
CapC and B_pos Bv7.5 + CapC.

Discussion

The results of these analyses provided new insights
and hypotheses of a predictive biomarker candidate for

Gastroenterology Review 2023; 18 (4)

the PFS —first line in patients with advanced gastric
cancer treated with bevacizumab. The optimally se-
lected cut-off values unveiled not only the subgroup
of responders but also potential non-responders. Per-
sonalization of medicine aims to tailor the medication
to patients based on the biomarkers’ make up, in this
case by identifying two optimally selected biomarkers
as a predictive candidate score. The subgroup of non-re-
sponders excluded from the group of treated patients
boosted the PFS survival curve, as shown in Figure 5,
indicating the quantitative type of the biomarker score.

The AVAGAST study had a mandatory biomarker
program and collected over 92% of plasma and 94%
of tumor samples at baseline, allowing a comprehen-
sive analysis [9]. Moreover, those baseline biomarkers
were carefully selected as potential candidates for
planned analysis and generating of new hypotheses of
the gastric disease and the tested active drug AVASTIN.
The above results appeared to identify new biomarker
pairs, the low VEGFR1 and negative IHC HER2, as a new
predictive biomarker score candidate. The results of
the interaction test were adjusted using the proposed
method specific for the optimally selected biomarker
baseline values. The main limitation of the optimally
selected value is the multiplicity problem usually paired
with the lack of an independent patient cohort in the
process of validation of the generated hypothesis; spe-
cifically, the predictive biomarkers that are based on the
study as a medical experiment with active and control
arm, which requires conducting of a prospective clinical
trial with a specific study design.

The adjustment of the generated hypothesis aims to
overcome of the limitations of multiplicity, in selecting
the responders and non-responders, by employing the
cross-validation, proposed by [10] and additionally us-
ing random resampling of the existing cohort. The main
feature of 2-flod cross-validation is assessment of the
optimally selected values on the randomly chosen pa-
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tients that were not involved in the process of optimal
selection and dichotomization of the new biomarker
scores. It reduces the bias of selecting the optimal cut-
off, as resampling generates in each iteration randomly
a “substitute” of the independent cohort from the rest
of the patients, where the optimally selected value is
applied. The final adjusted value is provided by aver-
aging the results from the 500 resampling iterations.
Therefore, the proposed resampling method might serve
as an estimate of predictive biomarkers or biomarker
score selection for prospective studies when using the
optimal selected cut-off points. Moreover, providing the
new scores as a combination of the single pre-planned
biomarkers might unleash new insights into the biology
of the disease and tested active treatment.

The other limitation of this analysis is the limited
sample size to detect the interaction test in a given
cohort as the phase Il studies are usually powered to
measure the main treatment effect. Simulations [12]
show that it might be an important factor in detecting
predictive biomarkers. On the other hand, simulations
[13] show that using the clinical model with defined
baseline covariates allows us to gain power in detecting
the interaction effects.

It should be noted that the biomarker pair’s can-
didate was estimated on the progression-free survival
during first-line therapy but was not found to be sig-
nificant after adjustment on the overall survival, which
was the primary efficacy endpoint. However, the ex-
ploratory analysis [9] suggested additional predictive
activity among the non-Asian population, especially
for the VEGFA. The above identified predictive score
is significant regardless of patient origin, which might
be important from the patient selection perspective.

Conclusions

The biomarker scores based on their combination
might provide new insights into the treatment re-
sponse. As mentioned earlier, one of the limitations
is the existence of this patient cohort of the large
phase Il program. On the other hand, the analysed
biomarkers were already preselected for this disease
and treatment to generate potentially new hypothe-
ses. The optimal cut-off selection points by definition
aim to identify subpopulations that maximize the ben-
efit to patients from the given treatment, but it carries
the multiplicity problem. Therefore, adjustment of such
results without the independent cohort is required.
These biomarker score candidates are quantitative
and for the selected subgroup present longer first-line
PFS in comparison to the negative biomarker sub-
group. The proposed analysis combined the above two
ideas and additionally utilized the nested cross-val-

Progression-free survival rate

0 3 6 9 12 15 18 21 24
Time [months]

— B_pos Pl + CapC (N = 213)
—-—-B negPl+CapC (N =174)
n at risk
— B_pos Pl + CapC

213 136 70 39 19 8 4
—-= B_pos Bv7.5 + CapC

235 175 120 70 40 21 3 1
——-B_negPl+CapC

174 117 56 33 22 14 7 3
—-—-B_negBv7.5+CapC

152 105 61 32 16 10 5 2

—-—= B_pos Bv7.5 + CapC (N = 235)
—-—-B_negBv7.5+ CapC (N =152)

Figure 5. Kaplan-Meier curve of new biomark-
er score noted as B_pos population versus the
B_neg population
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idation method in the assessment of the predictive
biomarker score.
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