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Anti-vascular endothelial growth factor (VEGF) agents in combination with
immunotherapies have improved outcomes for cancer patients, but predictive
biomarkers have not been elucidated. We report here a preplanned analysis in
the previously reported APPLE study, a phase 3 trial evaluating the efficacy of
the bevacizumab in combination with atezolizumab, plus platinum che-
motherapy in metastatic, nonsquamous non-small cell lung cancer (NSCLC).
We investigated the correlation of serum VEGF-A and its isoforms at baseline
with treatment response by using an enzyme-linked immunosorbent assay. We

reveal that the addition of bevacizumab significantly improves the
progression-free survival in patients with the low VEGF-A level. Our results
demonstrate that measuring serum VEGF-A or its isoforms may identify NSCLC
patients who are likely to benefit from the addition of bevacizumab to
immunotherapy. These assays are easy to measure and have significant
potential for further clinical development.

Immune checkpoint inhibitors (ICIs) have greatly changed the treat-
ment landscape for various types of cancer including non-small cell
lung cancer (NSCLC)". Antibodies to programmed cell death-1 (PD-1)
or to its ligand PD-L1 (hereafter, PD-1 pathway inhibitors) are the most
widely administered ICIs, with the combination of a PD-1 pathway
inhibitor and platinum-doublet chemotherapy having been estab-
lished as a standard treatment option for NSCLC, not only for indivi-
duals with metastatic disease*® but also in the perioperative setting”®.

Attempts to increase the efficacy of such combined immu-
notherapies have involved the examination of new combinations of
agents, including other types of ICI such as antibodies to cytotoxic T
lymphocyte antigen-4 (CTLA-4)’'° as well as immunomodulators
such as antibodies to interleukin-1B". Bevacizumab, an antibody to
vascular endothelial growth factor-A (VEGF-A), is also a promising

candidate for such combination therapies. VEGF-A is a cytokine
produced by tumor cells as well as by immune cells™. It impairs the
maturation of and antigen presentation by dendritic cells and
thereby promotes the differentiation of regulatory T cells and
attenuates CD8' T cell-mediated cytotoxic killing™'. In addition,
VEGF-A contributes to the upregulation of PD-L1 expression on
tumor cells and to that of various immune checkpoint molecules
including PD-1 that are associated with CD8* T cell exhaustion®.
VEGF-A also recruits myeloid-derived suppressor cells from bone
marrow to tumor sites, and interaction of VEGF-A with its receptors
on these cells serves to maintain their function through an autocrine
loop'. VEGF-A thus plays a major role in promoting and maintaining
an immunosuppressive tumor microenvironment, and its inhibition
in cancer patients might be expected to increase the efficacy of
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immunotherapy. Indeed, bevacizumab is administered in combina-
tion with ICIs as a standard treatment option for several cancer types
including NSCLC and hepatocellular carcinoma'’, However, there is
currently no available biomarker to identify patients likely to
experience a survival benefit from the addition of bevacizumab to
immunotherapy.

The APPLE study was a randomized phase 3 trial that recently
evaluated the benefit of adding bevacizumab to the combination of
platinum-doublet chemotherapy plus the PD-L1 inhibitor atezolizumab
for individuals with metastatic or recurrent nonsquamous NSCLC".
The trial did not meet its primary endpoint of demonstrating super-
iority of the bevacizumab-containing regimen. In the present study, we
performed a preplanned exploratory measurement of VEGF-A and its
isoforms VEGFy,; and VEGFy¢s in serum of peripheral blood collected
from patients of the APPLE trial before treatment. Measurement of
VEGF,; and VEGF,¢s was performed with an enzyme-linked immuno-
sorbent assay (ELISA) system designed specifically to detect these
isoforms?, and the relation of the serum levels of total VEGF-A (tVEGF-
A) and the two isoforms to treatment efficacy was examined to
determine their utility as a predictive biomarker for the identification
of patients likely to benefit from the addition of bevacizumab to the
combination of a PD-1 pathway inhibitor and platinum-based
chemotherapy.

Results

Patient characteristics

The APPLE study was an open-label phase 3 trial that was conducted
between January 2019 and August 2020 with 412 patients enrolled and
randomized, 206 (50%) to the carboplatin-pemetrexed-atezolizumab
(Chemo/Atezo) arm and 206 (50%) to the carboplatin-pemetrexed-
atezolizumab plus bevacizumab (Chemo/Atezo/Bev) arm. Of these
patients, 152 individuals joined the present study, a prospective bio-
marker study associated with the APPLE trial, between August 2019
and August 2020. The CONSORT diagram for the present study is
presented in Fig. 1. Two patient samples were not adequately pre-
served for analysis, and one patient was found to harbor an ALK fusion
gene and therefore excluded. A total of 149 samples was therefore
analyzed in this study, including 114 from patients wild type (WT) for
EGFR and 35 from those with activating mutations (MT) of EGFR.
Among the study participants, 76 individuals were treated with
Chemo/Atezo and 73 with Chemo/Atezo/Bev. The clinical character-
istics of the patients analyzed are shown in Table 1 and were well
balanced between the two groups, with the exception that the pro-
portion of patients of unknown PD-L1 status was higher in the Chemo/
Atezo/Bev group and that of those with a PD-L1 TPS of >50% was higher
in the Chemo/Atezo group.

VEGF-A quantification in peripheral blood serum

Serum concentrations of tVEGF-A, VEGF;,;, or VEGF 45, at baseline did
not differ significantly between the two treatment arms (Fig. 2). The
median value (range) for tVEGF-A was 405 pg/mL (51-1619 pg/mL) and
353 pg/mL (54-2237 pg/mL) for the Chemo/Atezo and Chemo/Atezo/
Bev groups, respectively. VEGF;»; was detected in all patients, with the
median value (range) being 212.5 pg/mL (34-803 pg/mL) and 221 pg/
mL (52-1629 pg/mL) for the Chemo/Atezo group and the Chemo/
Atezo/Bev group, respectively. In contrast, VEGF;45s was not detected in
17 patients of the Chemo/Atezo group and 12 patients of the Chemo/
Atezo/Bev group, with the median value (range) being 178 pg/mL
(0-845 pg/mL) and 127 pg/mL (0-914 pg/mL), respectively.

We then analyzed the correlation between the expression level of
VEGF and the percentage of PD-L1 expression on tumor cells (Tumor
Proportion Score; TPS), which is a predictor of the efficacy of PD-1
pathway inhibitors in EGFR wild-type NSCLC®. No significant correla-
tion was found between VEGF expression levels in the three groups:
>50% (high), 1-49% (low), and 0% (Supplementary Fig. 1A). In addition,
we examined whether VEGF expression by TPS correlated with
response to immunotherapy. We classified patients in the Chemo/
Atezo and Chemo/Atezo/Bev groups as responders or non-responders
based on their respective median PFS of 7.7 and 9.6 months in the
Apple study. We found that among responders, the Chemo/Atezo
group had higher VEGF expression than the Chemo/Atezo/Bev group
in the TPS-high patient population (Supplementary Fig. 1B-D).

Low serum VEGF-A levels as a potential biomarker for the
addition of bevacizumab to platinum-based chemotherapy and
immunotherapy

For the patients of the present study, PFS did not differ significantly
between the Chemo/Atezo group and the Chemo/Atezo/Bev group
(median of 6.4 vs. 7.7 months, respectively; hazard ratio [HR] of 0.93,
with a 95% confidence interval [CI] of 0.66-1.31) (Supplementary
Fig. 2). This finding was consistent with the results for the overall
population of the APPLE study®.

The relation of pretreatment serum levels of tVEGF-A, VEGFy;, or
VEGF¢5 to PFS was then examined in both treatment groups (Fig. 3).
For patients with low concentrations of these analytes, individuals in
the Chemo/Atezo group had a less favorable PFS than did those in the
Chemo/Atezo/Bev group (median of 5.8 vs. 10.4 months [HR of 0.62]
for tVEGF-A, median of 5.8 vs.10.9 months [HR of 0.58] for VEGF;5;, and
median of 5.7 vs. 10.4 months [HR of 0.63] for VEGF¢s), with the dif-
ference in PFS between the two treatment arms being significant for
individuals with low VEGFy; levels. In contrast, for patients with high
concentrations of tVEGF-A (median of 7.4 vs. 7.5 months, HR of 1.26),
VEGF,; (median of 7.6 vs. 6.6 months, HR of 1.32), or VEGF¢5 (median

Enrollment for this study
between August 2019 and August 2020
(n=152)

Unavailable

for this analysis:

Chemo/Atezo patients (n = 77)
Carboplatin/Pemetrexed/
Atezolizumab
Unavailable
for measurement:
1 patient with EGFR-MT

Baseline serum samples
available for analysis: n =76
EGFR-WT: n =58
EGFR-MT: n =18

1 patient with ALK fusion

Chemo/Atezo/Bev patients (n = 74)
Carboplatin/Pemetrexed/
Atezolizumab/Bevacizumab
Unavailable
for measurement:
1 patient with EGFR-WT

Baseline serum samples
available for analysis: n=73
EGFR-WT: n=56
EGFR-MT: n =17

Fig. 1| CONSORT diagram. EGFR epidermal growth factor receptor gene, WT wild type, MT mutation.
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of 7.6 vs. 7.4 months, HR of 1.29), PFS did not differ substantially
between the Chemo/Atezo and Chemo/Atezo/Bev arms, respectively.
Analysis of OS revealed that patients in the two treatment arms showed
similar survival curves regardless of tVEGF-A, VEGF,;, or VEGF 45 levels
(Supplementary Fig. 3), consistent with the results for the overall
population of the APPLE study®.

In the analysis for the APPLE study, PFS was similar in the Che-
mo/Atezo and Chemo/Atezo/Bev groups for EGFR-WT patients (med-

Table 1| Characteristics of the study patients according to
treatment arm

Characteristics Carboplatin- Carboplatin-pemetrexed-
pemetrexed- atezolizumab-
atezolizumab (n=76) bevacizumab (n=73)

Median age 66.5 (38-82) 67 (38-83)

(range), years

Sex, n (%)

Male 53 (69.7%) 50 (68.5%)

Female 23 (30.3%) 23 (31.5%)

Smoking status, n (%)

Never 18 (23.7%) 17 (23.3%)
Former or current 58 (76.3%) 56 (76.7%)
EGFR mutation status, n (%)

Negative 58 (76.3%) 56 (76.7%)
Exon 19 deletion 9 (11.9%) 8 (11.0%)
L858R 7(9.2%) 8 (11.0%)
Other mutations 2 (2.6%) 1(1.3%)
PD-L1TPS, n (%)

<1% 27 (35.5%) 27 (37.0%)
1-49% 22 (29.0%) 19 (26.0%)
250% 15 (19.7%) 10 (13.7%)
Unknown 12 (15.8%) 17 (23.3%)
Metastases, n (%)

Liver 5 (6.6%) 5 (6.8%)
Brain 11 (14.5%) 11 (15.1%)
Pleural effusion 20 (26.3%) 18 (24.7%)

PD-L1 programmed cell death-ligand 1, TPS tumor proportion score.

ian of 9.5 vs. 9.3 months, respectively; HR of 0.97, with a 95% CI of
0.75-1.25)”. To examine whether serum tVEGF-A, VEGF,1, or VEGF 65
levels at baseline might be a predictive biomarker for the response to
bevacizumab in EGFR-WT patients, we analyzed PFS for such patients
according to treatment arm and high or low analyte levels (Fig. 4).
Patients with low levels of tVEGF-A, VEGF,;, or VEGF,¢5s showed a more
favorable PFS in the Chemo/Atezo/Bev group than in the Chemo/Atezo
group, whereas those with high tVEGF-A, VEGF,;, or VEGF4s levels
showed no such benefit from the addition of bevacizumab. In addition,
when we analyzed the interaction term of VEGF levels and che-
motherapy arms in EGFR-WT patients, the p-value was low enough
(Table 2), revealing the nature of VEGF values as a predictive bio-
marker. Furthermore, we performed multivariable analyses using Cox
models. Our analyses, using type of chemotherapy, gender, age, and
smoking history, showed that Chemo/Atezo/Bev treatment sig-
nificantly prolonged PFS compared with Chemo/Atezo only in the
population with low tVEGF-A (Supplementary Table 1). Taken together,
we concluded that as a predictive biomarker, tVEGF-A should be
measured preferentially among three VEGFs in NSCLC patients with
EGFR-WT.

Potential of VEGF;¢s measurement in combination with tVEGF-A
for optimizing selections of patients who should avoid Bev-
containing therapy

Based on the above results, we hypothesized that additional VEGF
isoform measurements in addition to tVEGF-A would allow us to more
accurately select patients who should receive or avoid Chemo/Atezo/
Bev regimen. First, the high and low distributions of each of the three
measured VEGFs were analyzed (Table 3). 105 (70.5%) of the total
population (n=149) and 86 (75.4%) of the EGFR-WT population
(n=114) were matched for all three isoforms, suggesting that the three
isoforms show similar dynamics in many patients. On the other hand, a
certain number of patients (41 (27.5%) of all population, 26 (22.8%) of
EGFR-WT) had either VEGF;»; or VEGF¢s levels different from total
VEGF-A. There were no clear differences in the distribution between all
and WT population.

Then we conducted survival analyses to determine whether
additional measurements of VEGF;»; and VEGF ¢ levels could be used
to more accurately determine the indication for treatment with
Chemo/Atezo/Bev in patients with EGFR-WT. In the low VEGF-A

tVEGF-A VEGF 5, VEGF g5
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Fig. 2 | Serum concentrations of total VEGF-A (tVEGF-A), VEGF;,;, and VEGF¢5
at baseline for all study patients according to treatment arm. Horizontal bars
indicate median values for Chemo/Atezo (n=76) and Chemo/Atezo/Bev (n=73)

groups, and the statistical analysis was performed with two-sided Mann-Whitney U

test. tVEGF-A total vascular endothelial growth factor-A, VEGF vascular endothelial
growth factor, Chemo carboplatin-pemetrexed chemotherapy, Atezo atezolizu-
mab, Bev bevacizumab.
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Fig. 3 | Kaplan-Meier estimates of PFS according to treatment arm for patients
with low or high serum concentrations of VEGF-A at baseline. All study patients
with low (left) or high (right) concentrations of tVEGF-A (A), VEGF12; (B), or VEGF¢s
(C) defined according to the corresponding median value were examined. The

survival curve for Chemo/Atezo is shown in blue, and the survival curve for Chemo/

1
12 18

24 30
Time (months)
14 11 3 0
8 6 2 0

Atezo/Bev is shown in red. PFS progression-free survival, tVEGF-A total vascular
endothelial growth factor-A, VEGF vascular endothelial growth factor, Chemo
carboplatin-pemetrexed chemotherapy, Atezo atezolizumab, Bev bevacizumab,
HR hazard ratio, CI confidence interval.
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Fig. 4 | Kaplan-Meier estimates of PFS according to treatment arm for patients
with EGFR-WT tumors and either low or high concentrations of VEGF-A at
baseline. Patients with EGFR-WT tumors and either low (left) or high (right) con-
centrations of tVEGF-A (A), VEGFy,; (B), or VEGF;¢s (C) defined according to the
corresponding median value were examined. The survival curve for Chemo/Atezo

is shown in blue, and the survival curve for Chemo/Atezo/Bev is shown in red. EGFR
epidermal growth factor receptor gene, PFS progression-free survival, WT wild
type, tVEGF-A total vascular endothelial growth factor-A, VEGF vascular endothelial
growth factor, Chemo carboplatin-pemetrexed chemotherapy, Atezo atezolizu-
mab, Bev bevacizumab, HR hazard ratio, ClI confidence interval.

population, it did not appear meaningful to measure other VEGF iso-
forms to increase the likelihood of response to Bev-containing therapy
(Fig. 5A-C). On the other hand, in the total VEGF-A high population
(Fig. 5D-F), the tendency to be less likely to benefit from Chemo/
Atezo/Bev was more evident when VEGF s was evaluated to be high
(median of 9.7 vs. 6.5 months [HR of 1.54] for tVEGF-A/VEGF s high
(Fig. 5E)) (median of 9.7 vs. 6.5 months [HR of 1.58] for tVEGF-A/
VEGF1,1/VEGFi¢s high (Fig. 5F)). These findings suggest that measuring

VEGF ;s in addition to total VEGF-A may be useful in optimizing such
selection.

Discussion

Our study identified a potential biomarker for prediction of which
patients are likely to benefit from the addition of bevacizumab to
platinum-based chemotherapy and a PD-1 pathway inhibitor for the
treatment of individuals with metastatic nonsquamous NSCLC. We
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Table 2 | The interaction term of VEGF levels and che-
motherapy arms in EGFR-WT patients

P value for interaction

Chemotherapy and tVEGF-A 0.0177
Chemotherapy and VEGFi 0.0384
Chemotherapy and VEGFig5 0.0763

Table 3 | High and low distributions of each of the three
measured VEGFs (8 groups)

t/VEGF-A/VEGF12//VEGFss Overall (n=149) EGFR-WT (n=114)

High/high/high 54 44
High/high/low M 8
High/low/high 7 3
High/low/low 3] 2
Low/high/high 0
Low/high/low 8 5
Low/low/high 15 10
Low/low/low 51 42

found that lower levels of tVEGF-A, VEGF;;, and VEGF¢s in serum of
peripheral blood before treatment indicate that patients with EGFR-WT
tumors may benefit from the addition of bevacizumab. Given that
VEGF-A is easily measured, its assay can be readily applied in daily
clinical practice to support treatment with VEGF-A axis inhibitors as
part of the standard of care for advanced cancer patients with low
baseline VEGF-A levels. In addition, by multivariable analyses, Chemo/
Bev/Atezo treatment was found to be a significant factor for predicting
better PFS in low tVEGF-A population. Furthermore, we demonstrated
the in many patients, expression levels of isoforms are consistent with
that of tVEGF-A and additional evaluation of VEGF 45 with tVEGF-A may
find patients who tend to be less likely to benefit from Chemo/Atezo/
Bev therapy.

The APPLE study did not demonstrate a benefit of adding bev-
acizumab as an immunostimulant to the combination of platinum-
based chemotherapy plus atezolizumab in patients with metastatic
nonsquamous NSCLC. PFS was thus similar in the Chemo/Atezo and
Chemo/Atezo/Bev groups for both the overall population as well as the
subgroup of patients with EGFR-WT tumors”. Our present results
indicate that low serum levels of VEGF-A at baseline are able to predict
response to bevacizumab in this treatment combination for EGFR-WT
patients. Previous studies of bevacizumab as an agent to enhance the
effect of cytotoxic agents in patients with various tumor types have
found that the concentration of VEGF-A in peripheral blood can serve
as a prognostic but not predictive biomarker* >, We here show that
VEGF-A is a potential predictive biomarker for the efficacy of the
combination of bevacizumab with platinum-based chemotherapy and
an ICI in advanced nonsquamous NSCLC. In contrast to patients with
low VEGF-A levels, the addition of bevacizumab actually tended to
shorten PFS in patients with high concentrations of VEGF-A
(Figs. 3 and 4). On the basis of these findings as well as the known
properties of VEGF-A in tumor immunity, we speculate that higher
levels of VEGF-A may not only prevent immune activation by bev-
acizumab but increase the likelihood that ICI treatment will be inef-
fective as a result of bevacizumab-specific adverse events, such as
hypertension, bleeding, and hematologic toxicity**. We also found that
an OS benefit for the addition of bevacizumab was not apparent in
patients with lower VEGF-A levels, consistent with the notion that low
VEGF-A concentrations are a predictor of treatment response to bev-
acizumab combined with platinum-based chemotherapy and an ICI.

In the present study, we used a recently developed ELISA system*
that detects the VEGF-A isoforms VEGF; and VEGFes at higher

concentrations in serum than in plasma. Four different isoforms,
VEGF 5, VEGFy4s, VEGF1g9 and VEGF ¢ are generated from the human
eight-exon VEGFA gene by alternative exon splicing®. VEGFy,;, and
VEGF 45, a most major isoform, have been shown in several studies to
promote and inhibit tumor growth, respectively?*”, but the precise
functions of these isoforms, including the regulatory mechanisms of
their production and their involvement in tumor immunity, remain
unclear. In our study, the combination of tVEGF-A and VEGF¢;s levels
showed the potential to optimize the selection of patients who should
avoid the addition of bevacizumab to immunotherapy (Fig. 5). Further
confirmative clinical studies are needed to determine the appropriate
combination of VEGF isoforms with tVEGF-A for predicting treatment
outcome in this setting.

The APPLE study also examined PFS among patients with EGFR-
MT tumors as a preplanned subgroup analysis and found that median
PFS was 9.6 months in the Chemo/Atezo/Bev group and 5.7 months in
the Chemo/Atezo group (HR of 0.70, with a 95% CI of 0.46-1.06),
suggesting that the addition of bevacizumab improves PFS for such
patients”. EGFR mutation has been found to increase VEGF-A expres-
sion in NSCLC cell lines®®. We previously hypothesized that higher
circulating levels of VEGF-A in patients with EGFR-MT tumors than in
those with EGFR-WT tumors might contribute to the poorly immuno-
genic microenvironment—characterized by a low tumor mutation
burden, abundant immunosuppressive cytokines and chemokines,
and greater infiltration of regulatory T cells than of CD8" T cells—of the
former tumors®>. However, in the present study, we found that
serum levels of tVEGF-A, VEGF;,;, or VEGF 45 at baseline did not differ
significantly between patients with EGFR-WT tumors and those with
EGFR-MT tumors (Supplementary Fig. 4). Our results thus indicate that
VEGF-A production was similar in patients of both treatment groups
and that its regulation was independent of the presence or absence of
EGFR activating mutations. In addition, low VEGF-A concentrations did
not appear to be a predictive biomarker for PFS prolongation by
bevacizumab in patients with EGFR-MT tumors, although the number
of patients for this analysis was relatively small (Supplementary Fig. 5).
On the basis of these results, we conclude that the increased efficacy of
the bevacizumab combination in the EGFR-MT subgroup of the APPLE
study was due to a mechanism independent of VEGF-A. Other cyto-
kines and chemokines—such as interleukin-8*, transforming growth
factor-p****, and CCL22*—are candidates for factors that contribute to
this effect of bevacizumab.

There are several limitations to the present study. First, the number
of cases in the association analysis for VEGF-A levels and treatment
efficacy was not statistically determined. Second, the genes that influ-
ence the levels of VEGF-A in serum of NSCLC patients remain largely
unknown. Third, the relation between VEGF-A levels in serum of per-
ipheral blood and those in tumor tissue was not examined, with the cell
source and amount of VEGF-A isoforms produced in tumors remaining
to be determined. Fourth, the biological and clinical significance of the
discrepancy between VEGF levels and those of isoforms observed in a
certain number of patients are not clear in this study.

In conclusion, our results identify low serum levels of total or
individual isoforms of VEGF-A at baseline as a potential predictive
biomarker for the selection of patients with advanced nonsquamous
NSCLC likely to benefit from the addition of bevacizumab to platinum-
based chemotherapy plus a PD-1 pathway inhibitor. Further studies are
warranted to confirm this finding as well as to determine its
biological basis.

Methods

Study design

The design details of the APPLE study have been described
previously”. In brief, patients with histologically or cytologically con-
firmed unresectable locally advanced, metastatic, or recurrent non-
squamous NSCLC were randomized (1:1) to receive either
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atezolizumab plus carboplatin-pemetrexed or atezolizumab, carbo-
platin-pemetrexed, and bevacizumab. Participants were stratified
according to clinical stage (Il or IV versus recurrence), driver genetic
alterations (EGFR, ALK, ROSI1, or BRAF alteration positive versus
negative or unknown), and PD-L1 tumor proportion score (TPS, =50%
versus <50% or unknown). Patient eligibility criteria included an age of
>20 years; no prior treatment with cytotoxic chemotherapy and PD-1/
PD-L1 antibodies; an Eastern Cooperative Oncology Group perfor-
mance status of O or 1; no risk factors for bevacizumab-induced
hemoptysis; and adequate hematologic, hepatic, and renal function.
Prior treatment with EGFR, ALK, ROSI, or BRAF kinase inhibitors was
required for patients with activating alterations of these genes. For this
analysis, driver genetic mutations other than EGFR was excluded.

The protocol for this biomarker study affiliated with the APPLE
trial was approved by Kyushu university institutional review board as
well as an independent ethics committee or institutional review board
at each participating site, and the study was conducted in accordance
with the Declaration of Helsinki. All patients provided written
informed consent prior to study entry.

Sample collection

Baseline blood samples (7 mL) for serum isolation were collected from
the study participants between random assignment and treatment
onset. The blood was centrifuged at 1300xg for 10 min at room tem-
perature, and the serum supernatant was immediately placed in
cryovials and frozen at or below -20 °C until analysis.
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Measurement of VEGF-A

VEGF-A isoforms were measured with a newly developed ELISA at
Shino-test (Kanagawa, Japan).20 Polystyrene 96-well microtiter plates
were incubated overnight at 4 °C with 100 uL per well of rabbit poly-
clonal antibodies to human VEGF-A (#AB-293-NA; R&D Biosystems,
Minneapolis, MN, USA) in phosphate-buffered saline (PBS). The plates
were washed three times with PBS containing 0.05% Tween 20, and any
remaining binding sites in the wells were blocked by incubation of the
plates for 2 h at room temperature with 400 uL per well of PBS con-
taining 1% bovine serum albumin. The plates were washed again with
PBS containing 0.05% Tween 20 and then incubated for 15 h at 25°C
with 100 uL per well of dilutions of the calibrator and samples (1:1
dilution in a solution containing 0.2 M Tris-HCI [pH 8.5], 0.15M NaCl,
and 1% casein). The plates were washed with PBS containing 0.05%
Tween 20 and then incubated for 2 h at 25 °C with 100 uL per well of
horseradish peroxidase-conjugated mouse monoclonal antibodies to
human VEGF;,; or VEGFg4s. After an additional washing step, 100 pL of
the chromogenic substrate 3,3’,5,5-tetramethylbenzidine (Dojindo,
Kumamoto, Japan) were added to each well. The reaction was termi-
nated and the absorbance of each well at 450 nm was measured with a
microplate reader (model 680; Bio-Rad, Irvine, CA, USA). Standard
curves were constructed with the use of recombinant human forms of
VEGF,; or VEGF 45, with the linear range of the assay being 10 to 2000
pg/mL for each isoform. Total VEGF-A levels were measured with a
separate ELISA (Human VEGF Quantikine ELISA Kit, R&D Biosystems).

Statistical analysis

The relation between serum levels of VEGF;,;, VEGF¢s, or tVEGF-A at
baseline and APPLE study endpoints including progression-free survival
(PFS) and overall survival (OS) was analyzed with the Kaplan-Meier
method and log-rank test. Differences in analyte levels between two
groups were evaluated with the Mann-Whitney U test, and those among
three groups were with the Kruskal-Wallis test. The cutoff for high versus
low levels of each analyte was the median of all study participants in
analyses of all populations. In analyses specific to patients with EGFR-WT
or EGFR-MT, this cutoff was the median of each population. Given that
the study was designed as an exploratory analysis, the number of patients
was not statistically prespecified. Calculation of the interaction term and
multivariable analyses were performed using JMP version 18.0.1.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

All patients’ data generated in this study are provided in the Supple-
mentary Information/Source Data file. Source data are provided with
this paper.
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