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Abstract

The efficacy of immune checkpoint inhibitors (ICIs) in elderly and poor performance status (PS) patients is controversial,
because clinical evidence is limited. This study aimed to find a predictive biomarker for the efficacy of anti-programmed cell
death 1 (PD-1) antibodies in these patient populations. We retrospectively reviewed medical records of advanced non-small-
cell lung cancer (NSCLC) patients who were > 75 years of age or classified as PS 2 and received anti-PD-1 antibody treat-
ment between December 2015 and May 2018. We evaluated the association between the efficacy of the anti-PD-1 antibody
in these patients and the clinical variables thought to affect ICI efficacy. A total of 235 patients with advanced NSCLC were
treated with anti-PD-1 antibodies, among whom 31 patients were > 75 years of age and 22 were PS 2. A Cox proportional
hazard model showed that only high levels of serum vascular endothelial growth factor (VEGF) were significantly associated
with a shorter progression-free survival in patients aged > 75 years and those with PS 2. Among these cohorts, the overall
response rate to anti-PD-1 treatment tended to be lower when serum VEGF was high compared to patients with low serum
VEGF. Our results demonstrate that serum VEGF concentration may be a negative predictive biomarker in elderly and poor
PS advanced NSCLC patients receiving anti-PD-1 antibody treatment. This finding may help identify patients who will not
benefit from anti-PD-1 antibody therapy.
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Abbreviations NSCLC Non-small-cell lung cancer
CI Confidence interval ORR Overall response rate

DCR Disease control rate (0N} Overall survival

ECOG  Eastern Cooperative Oncology Group PD-1 Programmed cell death 1
HR Hazard ratio PD-L1  Programmed death-ligand 1
ICI Immune checkpoint inhibitor PFS Progression-free survival
NR Not reached PS Performance status

VEGF  Vascular endothelial growth factor
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Department of Pulmonary Medicine and Oncology, NSCLC [1, 2]. However, these beneficial effects are limited
Wakayama Medical University, Wakayama, Japan to some patients; approximately 30-40% of NSCLC patients

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00262-020-02539-2&domain=pdf
https://doi.org/10.1007/s00262-020-02539-2

1230

Cancer Immunology, Immunotherapy (2020) 69:1229-1236

administered ICI treatment show disease progression during
the first three months of treatment [1-3]. Immune reactiva-
tion by ICIs may be dependent on the biological character-
istics of tumor cells, as well as the tumor immune micro-
environment. Staining of programmed cell death-ligand
1 (PD-L1) in tumor cells and tumor mutation burden can
indicate that some biological characteristics of tumor cells
may have use as biomarkers for ICI efficacy [4, 5]. Tumor
infiltration lymphocytes could be a biomarker reflecting
the immunological characteristics of patients [6], but these
immunological characteristics could vary depending on the
treatment program, age, and general physical condition of
the patient. Therefore, a dynamic biomarker that reflects the
immunological characteristics at the start of a treatment is
needed. In NSCLC, it is assumed that increased age and
poor general physical condition diminish immune cell activ-
ity and may reduce ICI efficacy [7, 8]. Some prior clinical
studies reported that the efficacy of anti-PD-1 treatment in
elderly patients was less than that in non-elderly patients
[1, 2]. Conversely, at least one clinical trial found that anti-
PD-1 treatment efficacy in the elderly was similar to that in
other patients [3]. Moreover, in a retrospective study, PS
was found to be an independent predictor of PFS in patients
who received anti-PD-1 therapy [9]. Comprehensive data
supporting the use of ICIs for the treatment of advanced
NSCLC patients are lacking for elderly and PS 2 popula-
tions; therefore, we sought to identify a marker that predicts
anti-PD-1 antibody treatment efficacy in these subpopula-
tions of NSCLC patients.

Recently, ICI therapy used in combination with other
agents, including chemotherapy, other ICIs, and molecular
targeted drugs, was developed and expected to have additive
or synergetic effects on the immune response. Among these
agents, vascular endothelial growth factor (VEGF)/VEGF
receptor inhibitors are promising partners for combination
with ICIs. VEGF plays a crucial role in promoting tumor
angiogenesis, which is essential for cancer proliferation,
migration, and metastasis. In addition, clinical and preclini-
cal findings have shown that VEGF is immunosuppressive
[10]. VEGF decreases the activity of effector T cells and
the differentiation and maturation of dendritic cells [11-14],
while enhancing the activation of regulatory T cells (Treg)
and myeloid-derived suppressor cells [15]. Therefore, VEGF
is associated not only with tumor angiogenesis but also with
the tumor immune microenvironment, which may affect anti-
PD-1 antibody efficacy. Indeed, some clinical trials showed
favorable antitumor activity of anti-PD-1 antibody in com-
bination with VEGF/VEGF receptor inhibitors in many
kinds of cancers [16, 17]. Therefore, the role of VEGF in
the tumor immune microenvironment has received attention.

According to recent reports [18, 19], many biomarkers of
ICI efficacy have been identified; however, a biomarker for
underrepresented populations, such as elderly or poor PS
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patients, is limited. The purpose of this study was to identify
a biomarker for anti-PD-1 antibody efficacy in elderly and
poor PS patients.

Materials and methods

We retrospectively reviewed the medical records of 235
advanced NSCLC patients who had received anti-PD-1
antibody therapy (e.g., nivolumab and pembrolizumab) as
a first-to third-line treatment at the National Cancer Center
Tokyo Japan between December 2015 and May 2018, with
the follow-up period ending December 31, 2018. Among
this patient population, we identified 31 elderly patients who
were > 75 years of age, and 22 patients with poor PS, who
had ECOG PS 2 (no patients with PS > 3 received anti-PD-1
therapy). Patients were excluded from our study if we could
not obtain their serum samples for analysis. Serum samples
were collected before administering anti-PD-1 antibody
treatment and then stored at — 20 °C until further process-
ing at the National Cancer Center Biobank (Tokyo, Japan).
We reviewed medical records for patient characteristics;
laboratory findings, such as programmed death-ligand 1
(PD-L1) tumor proportion score (22C3), white blood cell
(WBC) count, lymphocyte count, levels of albumen, lac-
tate dehydrogenase (LDH), C-reactive protein (CRP), and
serum vascular endothelial growth factor (VEGF); and
prognosis. The appropriate cutoff point for serum VEGF
was determined by receiver operating characteristic (ROC)
curve analysis. The cutoff points for other blood tests were
defined by the median value for all patients. The study was
conducted in accordance with the provisions of the Declara-
tion of Helsinki and was approved by the Ethics Committee
of the National Cancer Center Hospital (2018-268).
Median overall survival (OS), progression-free survival
(PES), and time to treatment failure (TTF) were estimated
using the Kaplan—Meier method. A ROC curve was used to
determine the optimal cutoff value of VEGF for predicting
early progression over three months after anti-PD-1 therapy.
The tumor’s response to treatment was objectively assessed
using the response evaluation criteria in solid tumors
(RECIST v1.1). Univariate analysis was performed using
a Cox proportional hazard model with sex, smoking status,
histology, PD-L1 tumor proportion score (22C3), treatment
line, white blood cells, lymphocyte count, albumin, lac-
tate dehydrogenase, C-reactive protein, and serum VEGF
levels as covariates. These covariates were adopted based
on the results of recent trials that suggested these variables
might affect PD-1/PD-L1 checkpoint inhibitor efficacy [2,
4,9, 20-26]. Because of the small sample size of the study
population, we did not conduct a multivariate analysis. All
P values are based on a two-sided hypothesis, and values
less than 0.05 were considered statistically significant. All
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statistical analyses were performed using the JMP Pro soft-
ware, v13.0.0 (SAS Institute, Cary, NC).

Results
Elderly patients

A total of 31 elderly patients (i.e., patients > 75 years of age)
were reviewed in this study (Supplementary Fig. 1a) and all
patient characteristics are summarized in Table 1. Of the 31
patients, one patient (3.2%) was ECOG PS >2, 22 patients
(71%) were male, nine (30%) were never-smokers, 15 (58%)
were PD-L1 >50%, and nine patients (29%) were treated as
first-line anticancer treatment.

The median PFS for the patients > 75 years of age was 6.9
mo (95% confidence interval (CI): 1.9-not reached (NR)).
The overall response rate (ORR) was 29%, and the disease
control rate (DCR) was 55%.

The best discriminative cutoff point of VEGF for early
progression within three months was observed at 367 pg/
mL through ROC analysis in elderly patients; the area
under the ROC curve (AUC) was 0.74 (Supplementary

Fig. 2a). The elderly patients were divided into low and
high serum VEGF groups, and their characteristics are
summarized in Table 1. There were no significant differ-
ences in baseline characteristics between the two groups,
including the PD-L1 status. Univariate analysis showed
that only high levels of serum VEGF were significantly
associated with a shorter PFS (hazard ratio (HR): 3.6; 95%
CI: 1.4-9.3; P = 0.008; Table 2a). The ORR was lower in
the high serum VEGF group than in the low serum VEGF
group (ORR: 13% vs. 44%; Table 3). The DCR was sig-
nificantly lower in the high serum VEGF group than in
the low serum VEGF group (33% vs. 75%, P=0.032), and
the median PFS was 1.8 months (95% CI: 0.6—4.2) in the
high serum VEGF group and NR (95% CI: 6.4-NR) in the
low serum VEGF group (Fig. 1a). The median TTF of the
patients in the high serum VEGF group was significantly
shorter than that of the patients in the low serum VEGF
group (1.6 months vs. 10.7 months, respectively; HR: 2.4;
95% CI: 1.1-5.2; Log-rank test: P=0.028) (Supplemen-
tary Fig. 3a). The median OS of the patients in the high
serum VEGF group was significantly shorter than that of
the patients in the low serum VEGF group (6.4 months vs.
NR, respectively; HR: 4.6; 95% CI: 1.2-17.1; Log-rank
test: P=0.012) (Fig. 1b).

Table 1 Baseline characteristics at the onset of anti-PD-1 antibody treatment

Elderly patients, n (%)

PS2 patients, n (%)

All, n (%) Low VEGF High VEGF P All n (%) Low VEGF High VEGF P

Patients 31 16 15 22 12 10
Age

Median (range) 77 (75-84) 78 (75-84) 76 (75-83) 66 (30-77) 57 (34-73) 60 (30-77)

>75y 31 (100) 16 (100) 15 (100) 1(4.5) 0 (0) 1 (10) 0.45
ECOG PS

>2 13.2) 0 (0) 1(6.7) 0.48 22 (100) 12 (100) 10 (100)
Gender

Male 22 (71) 10 (63) 12 (80) 0.43 13 (59) 8(67) 5(50) 0.67
Smoking status

Never-smoker 9 (29) 5(33) 427) 1.00 4(18) 3(25) 1(10) 0.59
Histology 0.22 0.62

Squamous 7 (23) 2 (13) 5(33) 5(23) 2(17) 3(30)

Non-squamous 24 (77) 14 (88) 10 (67) 17 (77) 10 (83) 7 (70)
EGFR mutated 6 (26) 4 (29) 2(22) 1.00 2 (14) 1(11) 1 (20) 1.00
PD-L1 22C3 TPS 0.69 0.36

<50% 11 (42) 5(36) 6 (50) 7 (44) 2(29) 5(56)

>50% 15 (58) 9 (64) 6 (50) 9 (56) 5(71) 4 (44)
Treatment line 0.43 1.00

1 9(29) 6 (38) 3(20) 4 (18) 2(17) 2 (20)

2-3 22 (71) 10 (63) 12 (80) 18 (82) 10 (83) 8 (80)

VEGF vascular endothelial growth factor, y years of age, ECOG PS Eastern Cooperative Oncology Group performance status, EGFR epidermal
growth factor receptor, PD-LI programmed death-ligand 1, TPS tumor proportion score
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Table 2 Cox proportional hazard model of PES in (a) elderly and (b)
poor ECOG PS 2 patients

Univariate analysis

HR (95% CI) P

(a)
Gender (male/female) 1.1 (0.42-3.4) 0.86
Smoking status (never/current or former) 2.2 (0.80-5.7) 0.12
Histology (Sq/Non-Sq) 1.6 (0.53-4.3) 0.37
PD-L1 status (<50%/>50%) 2.8 (0.95-8.6)  0.062
Treatment line (2-3/1) 1.9 (0.70-6.8) 0.21
WBC (>median/< median) 1.4 (0.55-3.5) 0.50
Lymphocyte count (> median/<median) 1.1 (0.44-2.8)  0.85
Albumin (> median/< median) 1.0 (0.39-2.9) 1.00
LDH (> median/< median) 1.6 (0.63-4.00 0.34
CRP (> median/< median) 1.4 (0.57-3.6) 0.45
VEGF (>367 pg/mL/<367 pg/mL) 3.6 (1.4-9.3) 0.008
(®)
Gender (male/female) 1.5 (0.60-4.2) 0.38
Smoking status (never/current or former) 0.54 (0.12-1.7) 0.31
Histology (Sq/Non-Sq) 1.5(0.42-4.5) 048
PD-L1 status (<50%/>50%) 2.2(0.67-7.9)  0.19
Treatment line (2-3/1) 1.1 (0.36-4.8) 0.88
WBC (> median/< median) 1.2 (0.44-3.1) 0.73
Lymphocyte count (> median/< median) 1.7 (0.64-4.6) 0.29
Albumin (> median/< median) 0.54 (0.21-1.4) 0.21
LDH (> median/< median) 0.88 (0.33-2.2) 0.78
CRP (>median/< median) 2.3(0.87-6.1) 0.094
VEGEF (>454 pg/mL/<454 pg/mL) 4.6 (1.5-14.3)  0.009

HR hazard ratio, CI confidence interval, Sqg squamous cell carcinoma,
PD-L1 programmed death-ligand 1, WBC white blood cell, LDH lac-
tate dehydrogenase, CRP C-reactive protein, VEGF vascular endothe-
lial growth factor

ECOG PS 2 patients

A total of 22 ECOG PS 2 patients were reviewed in this
study (Supplementary Fig. 1b) and patient characteristics
are summarized in Table 1. Of these 22 patients, one patient
(4.5%) was > 75 years old, 13 patients (59%) were male, four
patients (18%) were never-smokers, nine patients (56%) were
PD-L1>50%, and four patients (18%) were treated as first-
line anticancer treatment.

The median PFS of the PS 2 patients was 2.1 months
(95% CI: 0.73-5.96), the ORR was 9.1%, and the DCR was
23%.

The best discriminative cutoff point of VEGF for early
progression within three months was observed at 454 pg/
mL through ROC analysis in PS 2 patients. The area under
the ROC curve (AUC) was 0.68 (Supplementary Fig. 2b).
The PS 2 patients were also divided into low and high
serum VEGF groups; however there were no significant
differences in baseline characteristics, including the PD-L1
status, between the two groups (Table 1). The univariate
analysis showed that only high levels of serum VEGF were
significantly associated with a shorter PFS (HR: 4.6; 95%
CI, 1.5-14.3; P = 0.009; Table 2b). The ORR was lower in
the high serum VEGF group than in the low serum VEGF
group (0% vs. 17%; Table 3), and the DCR was significantly
lower in the high serum VEGF group than in the low serum
VEGF group (0% vs. 42%; P=0.040). No patient in the high
serum VEGF group showed tumor shrinkage. The median
PFS was 0.86 months (95% CI: 0.30-1.8) in the high serum
VEGF group and 6.0 months (95% CI: 1.0-11.1) in the
low serum VEGF group (Fig. 2a). The median TTF of the
patients in the high serum VEGF group was significantly
shorter than that of the patients in the low serum VEGF
group (0.85 months vs. 2.4 months; HR: 3.4; 95% CI: 1.2-
9.7, P=0.011; Supplementary Fig. 3b). The median OS of
the patients in the high serum VEGF group was significant
lower than that of the patients in the low serum VEGF group

Table 3 Patient response to the

. . Elderly patients ECOG PS2 patients
anti-PD-1 antibody
Low VEGF High VEGF P Low VEGF High VEGF P

Patients 16 15 12 10
Best overall response, 1 (%)
Complete response 0(0) 0(0) 00 0(0)
Partial response 7 (44) 2 (13) 2(17) 0(0)
Stable disease 5@31) 3(20) 3(25) 0(0)
Progressive disease 3(19) 9 (60) 6 (50) 9 (90)
Not evaluable 1(6) 1(7) 1(8) 1(10)
ORR, % (95% CI) 44 (22-66) 13 (0-32) 0.11 17 (0-38) 0 (0-18) 0.48
DCR, % (95% CI) 75 (55-95) 33 (12-55) 0.032 42 (17-66) 0(0-17) 0.040

ECOG PS Eastern Cooperative Oncology Group Performance Status, VEGF vascular endothelial growth
factor, ORR objective response rate, DCR disease control rate
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(2.4 months vs. 10.5 months, respectively; HR: 3.3; 95% CI:
1.1-10.0; P=0.028; Fig. 2b).

Discussion
This study demonstrated that the efficacy of anti-PD-1 anti-

body treatment was inversely associated with the serum
concentrations of VEGF in patients > 75 years of age and in

ECOG PS 2 patients. Our results support the contention that
the serum VEGF may be of value as a negative predictive
biomarker anti-PD-1 antibody treatment efficacy in patients
within these demographics.

The potential impact of aging on the outcome of
patients treated with ICIs remains controversial based
on data from the CheckMate017, CheckMate057, and
Keynote189 trials [1, 2, 27]. The OS of the nivolumab
treatment group was significantly longer than that of
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the docetaxel group; however, no significant differences
were found between these groups in patients > 75 years
old. These results suggest that elderly patients may have
a different immune system response to anti-PD-1 antibod-
ies than younger patients. Previous research has reported
that aging impacts specific signaling pathways in human
cancer cells and alters immune checkpoints that reshape
the tumor microenvironment [28]. Therefore, it has been
hypothesized that changes in the tumor microenviron-
ment in elderly patients are due to their less functional
immune cells. Because the tumor microenvironment dif-
fers between elderly and non-elderly patients, predictive
markers for anti-PD-1 antibody efficacy should be con-
sidered for each age group separately. Our study demon-
strated that PFS in the high serum VEGF group was sig-
nificantly shorter than that in the low serum VEGF group
among elderly patients, and hence, serum VEGF may be a
predictive biomarker for patients > 75 years of age.

CheckMate171 was a phase II nivolumab monotherapy
for pretreated advanced NSCLC patients, including ECOG
PS 2 patients who had a median OS that was shorter in
patients with ECOG PS 2 than in the overall study group
(5.4 months vs. 9.9 months, respectively) [29]. Addition-
ally, CheckMate153, a phase III/IV nivolumab trial, dem-
onstrated that the 6-month OS was lower in ECOG PS 2
patients than in ECOG PSO0-1 patients (31.5% vs. 62.7%),
indicating that the anti-PD-1 antibody was less effective in
ECOG PS 2 patients [7]. Similarly, our study showed that
ORR and the median PFS in patients with ECOG PS 2 were
9.1% and 2.1 months, respectively. Therefore, it is impor-
tant to select patients who benefit from ICIs, especially in
ECOG PS 2 patients. We showed that among the ECOG PS
2 patients, PFS was significantly shorter in the high serum
VEGF group than in the low serum VEGF group. Moreo-
ver, tumor shrinkage did not occur in the high serum VEGF
group, suggesting that serum VEGF may be a predictive
biomarker for ECOG PS 2 patients.

The serum VEGEF level in patients with NSCLC is a prog-
nostic marker. Some studies have also shown that VEGF is
negatively correlated with patient survival [30-32]; how-
ever, the predictive value of VEGF level as a biomarker
for ICI efficacy is unknown. A previous study found that
high serum VEGF was associated with worse clinical out-
comes in melanoma patients receiving anti-CTL antigen 4
antibody treatment, indicating that the disease control rate
was significantly reduced in patients with high serum VEGF
levels compared to patients with lower serum VEGF lev-
els (23% vs. 41%) [24]. Our study demonstrated that the
level of serum VEGEF is a predictive biomarker for the effi-
cacy of anti-PD-1 antibody in advanced NSCLC patients
aged >75 years and in ECOG PS 2 patients. Indeed, the
ORR and DCR were lower in high serum VEGF group than
in low serum VEGF group (aged > 75 years ORR, 19% vs.
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40%; DCR, 38% vs. 73%; PS 2 ORR, 0% vs. 18%; DCR,
0% vs. 45%).

The present study has several limitations. First, it was
based on the retrospective review of medical records and
stored serum samples. There was a potential for selection
bias, because our study was conducted at a single institution
and we could only include patients for whom a serum sample
was stored. Second, our sample size was very small; there-
fore, our study may lack the statistical power necessary to
reliably and confidently determine all factors associated with
treatment efficacy. Finally, we included only a subpopulation
of advanced NSCLC patients in our study. However, despite
these limitations, this is the first report to demonstrate an
association between serum VEGEF level and the efficacy of
anti-PD-1 antibody treatment in elderly and ECOG PS 2
patients with advanced NSCLC.

In conclusion, serum VEGF levels may be a useful nega-
tive predictive biomarker for the efficacy of anti-PD-1 anti-
bodies in advanced NSCLC patients who are > 75 years
old, and in those with ECOG PS 2. These results emphasize
a potential role for VEGF in the immune microenviron-
ment and the possible synergies that involve combinations
of immune checkpoint inhibitors and anti-VEGF/VEGFR
inhibitors in these patients. To address the unmet medi-
cal needs of NSCLC patients aged >75 years and ECOG
PS 2 patients, additional prospective studies are needed to
determine the efficacy of treatment with immune checkpoint
inhibitors.
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