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Abstract

Background Vascular endothelial growth factor is associated with reduced immune response and impaired anti-tumor
activity. Combining antiangiogenic agents with immune checkpoint inhibition can overcome this immune suppression and
enhance treatment efficacy.

Methods This study investigated the combination of ziv-aflibercept anti-angiogenic therapy with pembrolizumab in patients with
advanced melanoma resistant to anti-PD-1 treatment. Baseline and on-treatment plasma and PBMC samples were analyzed by
multiplex protein assay and mass cytometry, respectively.

Results In this Phase 1B study (NCT02298959), ten patients with advanced PD-1-resistant melanoma were treated with a combina-
tion of ziv-aflibercept (at 2—4 mg/kg) plus pembrolizumab (at 2 mg/kg), administered intravenously every 2 weeks. Two patients
(20%) achieved a partial response, and two patients (20%) experienced stable disease (SD) as the best response. The two respond-
ers had mucosal melanoma, while both patients with SD had ocular melanoma. The combination therapy demonstrated clinical
activity and acceptable safety, despite the occurrence of adverse events. Changes in plasma analytes such as platelet-derived growth
factor and PD-L1 were explored, indicating potential alterations in myeloid cell function. Higher levels of circulating CXCL10 in
non-responding patients may reflect pro-tumor activity. Specific subsets of yd T cells were associated with poor clinical outcomes,
suggesting impaired yd T-cell function in non-responding patients.

Conclusions Although limited by sample size and follow-up, these findings highlight the potential of the combination of
ziv-aflibercept antiangiogenic therapy with pembrolizumab in patients with advanced melanoma resistant to anti-PD-1 treat-
ment and the need for further research to improve outcomes in anti-PD-1-resistant melanoma.

Trial registration number NCT(02298959.
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Introduction

Vascular endothelial growth factor (VEGF) is produced
at high levels by tumor cells or stroma [1] and is associ-
ated with an increase in tumor angiogenesis. VEGF also
has immunosuppressive properties and contributes to tumor
metastasis by reducing the activity of antigen-presenting
cells through the inhibition of dendritic cell maturation
from hematopoietic progenitor cells [2]. High VEGF levels
have been associated with CD8 + T-cell exhaustion [3], an
increase in regulatory T-cell frequencies (Treg) [4], and out-
comes from immune checkpoint inhibition (ICI) [5, 6]. Thus,
combined therapy with immune checkpoint and angiogen-
esis inhibitors has been postulated as a promising strategy
for the treatment of solid cancers [7].

The angiogenic inhibitor ziv-aflibercept, a soluble decoy
of VEGF receptors 1 and 2, serves as a trap for circulat-
ing VEGF A and B. Ziv-aflibercept offers advantages over
other anti-angiogenic agents such as TKIs and the VEGF-A
inhibitor bevacizumab due to its increased affinity to both
VEGF-A and VEGF-B [8, 9]. Ziv-aflibercept in combina-
tion with 5-fluorouracil, leucovorin, irinotecan-(FOLFIRI)
is indicated for patients with metastatic colorectal cancer
(mCRC) that is resistant to or has progressed following an
oxaliplatin-containing regimen. Ziv-aflibercept improved
survival in a phase III study of second-line treatment for
metastatic colorectal cancer when combined with 5-fluo-
rouracil, folinic acid, and irinotecan following progression
with oxaliplatin [10]. Ziv-aflibercept was also evaluated
for clinical activity in non-small cell lung cancer [11] and
hormone-refractory prostate cancer [12].

Pembrolizumab, a monoclonal antibody against pro-
grammed cell death protein 1 (PD-1), has been tested in
combination with anti-angiogenic agents in several clini-
cal trials. When given in combination with a VEGF kinase
inhibitor, pembrolizumab was found to modulate anti-tumor
immune responses, resulting in improved outcomes for
patients with metastatic renal cell carcinoma compared to
tyrosine kinase inhibitor (TKI) alone [13, 14].

We previously reported favorable clinical outcomes in
patients with a number of solid tumors who were treated
with ziv-aflibercept (at 2—4 mg/kg) plus pembrolizumab
(at 2 mg/kg) administered intravenously every 2 weeks
[15]. The combination regimen was found to be safe, with
no reported dose-limiting toxicities. Responses primarily
occurred in cancers known to be responsive to ICI such as
melanoma. Radiographic response correlated with activated
tumor infiltrating CD8 T cells expressing CD8*PD1*, high
CDA40L expression, and increased peripheral memory CDS8
T cells.

Following the previous work, we present here safety and
efficacy data from an expansion cohort of 10 patients with
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advanced, anti-PD-1-resistant melanoma treated with the
previously established combination regimen ziv-aflibercept
and pembrolizumab. The primary objective of this multi-
center, phase IB, open-label follow-up study was to deter-
mine safety and efficacy in this expansion cohort. Endpoints
included overall survival and progression-free survival.
Exploratory objectives included association of cytokine
and immune cell profiles as well as immune cell activation
and maturation changes with clinical response. We hypoth-
esized that ziv-aflibercept would induce anti-tumor effects
via its anti-angiogenic activity, and that combined with pem-
brolizumab could attenuate resistance to PD-1 inhibitors
and improve clinical outcomes rate in advanced melanoma
patients.

Methods
Study design and treatment

The study was sponsored by the Cancer Therapy Evaluation
Program at the National Cancer Institute (NCI) and carried
out at Dana-Farber Cancer Center (Boston, Massachusetts,
USA), University Health Network-Princess Margaret Cancer
Centre (Toronto, Ontario, Canada), Moffitt Cancer Center
(Tampa, Florida, USA), and BC Cancer Center Agency-
Vancouver Cancer Center (Vancouver, British Columbia,
Canada).

The following were key eligibility criteria: Eastern Coop-
erative Oncology performance status (ECOG-PS) of 0 or 1;
two prior lines of systemic therapy for metastatic disease;
anticipated life expectancy of at least 6 months; and meas-
urable disease according to Response Evaluation Criteria in
Solid Tumors (RECIST) V.1.1.

Key exclusion criteria included prior chemotherapy,
targeted small molecule therapy, or radiotherapy within
4 weeks prior to entering the study or inadequate recovery
from adverse events due to agents administered more than
4 weeks earlier; new onset of immunodeficiency; immuno-
suppressive therapy within 7 days; monoclonal antibody
therapy within 4 weeks; other systemic treatment for active
autoimmune disease; high risk of gastrointestinal or pulmo-
nary bleeding; inflammatory bowel disease, diverticulitis,
pulmonary embolism, or uncontrolled thrombo-embolic
event within 3 months history of peptic ulcer disease,
erosive esophagitis, or gastritis; ulcerated skin lesions;
active anticoagulation therapy with warfarin; blood pres-
sure > 150/100 mmHg; and known or progressive brain
metastases. There were no requirements listed in the inclu-
sion/exclusion criteria about prior treatments for patients
with BRAF-mutated disease.
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Safety and dose-limiting toxicity (DLT) assessment

Adverse events (AEs) were assessed using the NCI Com-
mon Terminology Criteria for Adverse Events (CTCAE)
V.5.0. Our data did not collect whether an adverse event
was immune-related. Dose-limiting toxicity (DLT) was
classified as any of the following treatment-related AEs
occurring within the first 4 weeks of therapy: unexpected
grade >3 AEs likely attributable to treatment, >3 AEs that
do not improve with or without intervention within 7 days
of onset, eye pain grade > 2, grade 3 hypertension that does
not improve with appropriate medical intervention within
14 days, urine protein:creatinine ratio> 3.5 g or > 2 g protein
in 24-h urine, two delays of treatment (not related to sched-
uling non-adherence) each lasting > 10 days within 4 cycles
of the treatment, or arterial thromboembolic event.

Clinical assessments

Anti-tumor activity was assessed based on RECIST V.1.1.
Tumor assessments of all patients included a computed
tomography (CT) scan of the chest, abdomen, and pelvis,
as well as head magnetic resonance imaging (MRI) within
4 weeks of starting treatment. Tumor assessments were
performed at baseline and every 12 weeks thereafter, and
follow-up scans were obtained 6—8 weeks after initial docu-
mentation of objective response. Tumors were assessed
based on RECIST V.1.1.

Statistical analysis

The primary objective of this study was to determine the
safety and toxicity rate of treatment with ziv-aflibercept plus
pembrolizumab. All patients who received at least one dose
of the combination treatment have safety data presented.
The proportions of patients with adverse events grade 3 or
higher are presented with 90% exact binomial confidence
intervals (CIs).

Additionally, secondary endpoints, including overall
response rate (ORR), progression-free survival (PFS), over-
all survival (OS), and time to disease progression (TTP),
were assessed. Time-to-event endpoints (i.e., PFS and OS)
are summarized and presented using the Kaplan—Meier
product-limit method; 90% of Cls are based on log(-
log(outcome)) methodology; medians are presented with
90% Cls.

The dose regimen was based on the dose escalation trial
ziv-aflibercept 4 mg/kg and pembrolizumab 2 mg/kg intra-
venously every 2 weeks as previously reported [15]. The
trial followed a two-stage Simon design, which allowed for
early termination if efficacy was not detected or if the drug
combination was too toxic for the indication. Designs were
estimated to have one-sided type-I error rates of 0.10 and

85% power. The study would continue to the second stage if
at least two patients responded, and the incidence of grade
3 or higher toxicities (i.e., possibly, probably, or definitely
related) was less than 0.33. Once the trial progressed to the
second stage, eight more patients would be enrolled. The
treatment would be considered promising if 4 or more of the
18 melanoma patients responded to the pembrolizumab plus
ziv-aflibercept combination.

For correlative studies, Wilcoxon rank-sum tests were
used to compare pre-treatment Luminex measurements
with a response or disease control categorized as complete
response (CR), partial response (PR), or stable disease
(SD). SD was defined using the RECIST method and was
not linked to a duration. Longitudinal models, to assess rela-
tionships over time, were fit to log2 transform of marker
expression; predictors in each model were response or dis-
ease control, time point, and their interaction. Each model
was fit using a linear mixed model with an autoregressive
covariance structure. Estimates of differences according to
response or disease control, or of changes over time, were
made using contrasts. Statistical analyses were performed
using SAS V.9.4. Multiple comparisons adjustment for an
FDR rate of 0.1 was based on the Benjamini—-Hochberg
procedure.

Analysis of biomarkers and correlatives

Correlative analyses of peripheral blood mononuclear cells
(PMBCs) and plasma were performed on samples from ten
patients collected at pre-treatment and after 1 month on
treatment. A panel of 19 cytokines and chemokines, includ-
ing VEGFa, interleukin (IL)-1b, IL-6, IL-7, IL-10, IL-12,
TNF-a, CX3CL3, CXCL10, and PD-L1, was analyzed using
the Bio-Techne Luminex Assay Kit (Bio-Techne, Minneapo-
lis, Minnesota).

Mass cytometry by time of flight (CyTOF(R)) was per-
formed on PBMC samples at pre-treatment and 1 month
following treatment initiation to investigate immunological
changes during treatment. The antibody panel included phe-
notypic markers to characterize T cells, B cells, dendritic
cells (DCs), monocytes, natural killer cells, checkpoints,
and activation. Metal-tagged antibodies used for the mass
cytometry panel are listed in Supplemental Table 4. All
antibodies were used per the manufacturer’s recommenda-
tion. Mass cytometry data were normalized using Permessa
software, and data were gated to live/single/CD45 positive
subset using FlowJo software. Mass cytometry data were
analyzed using CATALYST and diffcyt. Mass cytometry
p-values were adjusted using the Benjamini and Hochberg
procedure; adjusted p values less than @ =0.1 were consid-
ered significant.
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Results
Patients

Here, we present the results for a melanoma expansion-
cohort of a phase 1B multicenter, open-label study, in which
the efficacy and safety of treatment with a ziv-aflibercept
plus pembrolizumab in patients with advanced PD-1-resist-
ant melanoma, renal cancer, and sarcoma were examined.

Table 1 Baseline demographic and patient characteristics

Eighteen patients were enrolled across the three cohorts. In
the melanoma cohort, ten patients with anti-PD-1-resistant
advanced melanoma enrolled at four centers in the US and
Canada between February 2019 and May 2020 received
combination treatment with ziv-aflibercept and pembroli-
zumab. The mean follow-up time was 20.6 months. Patient
demographics are summarized in Table 1. Most patients
were Caucasian (80%), identified as female (70%), and
the median age was 58 (range 39-87). All patients had an
ECOG performance status of O or 1. Among the ten patients

Characteristic Clinical benefit
Yes (n=4) No (n=6)
Median age (years) 60.5 (range) 58.0 (range)

Median weight (kg)

93.1 (range)

70.7 (range)

Median BMI 28.3 (range) 28.1 (range)

All CB NCB

n % n % n %
Female 7 70.0 25.0 6 100.0
Male 3 30.0 3 75.0 - -
Race
Unknown 2 20.0 - - 2 333
White 8 80.0 4 100.0 4 66.7
Ethnicity
Not Hispanic/Latino 9 90.0 3 75.0 6 100.0
Unknown 1 10.0 25.0 - -
ECOG performance status
0 5 50.0 25.0 4 66.7
1 5 50.0 3 75.0 2 333
Primary site of disease
Anus 2 20.0 1 25.0 1 16.7
Eye, globe 1 10.0 1 25.0 - -
Melanoma (eye) 1 10.0 1 25.0 - -
Nasopharynx 1 10.0 1 25.0 - -
Shoulder 1 10.0 - - 1 16.7
Sinuses 1 10.0 - - 1 16.7
Skin 1 10.0 - - 1 16.7
Temple 1 10.0 - - 1 16.7
Thigh 1 10.0 - - 1 16.7
Disease stage
Stage III 1 10.0 1 25.0 - -
Stage I1IB 1 10.0 - - 1 16.7
Stage IV 8 80.0 3 75.0 5 83.3
Prior therapy
Chemotherapy 3 30.0 2 50.0 1 16.67
Immunotherapy 10 100.0 4 100.0 6 100.0
Radiation 4 40.0 1 25.0 3 50.0
Surgery 10 100.0 4 100.0 6 100.0

BMI body mass index, ECOG Eastern Cooperative Oncology Group, NCB no clinical benefit, and CB clinical benefit
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with melanoma, four had non-cutaneous disease, including
two cases of mucosal melanoma and two cases of ocular
melanoma. Four of the 10 patients had a non-cutaneous pri-
mary (two mucosal and two ocular). Four patients (40%)
had received at least one previous line of chemotherapy and
four patients (40%) had undergone radiation (Supp. Table 1).

Patients received between 3 and 53 cycles of the out-
lined treatment scheme (see Methods) respective of the indi-
vidual therapeutic plan and response. Outcome data were
collected for all patients until study data lock on January
31, 2023. At that point, all 10 patients (100%) had stopped
treatment. Seven patients discontinued treatment due to pro-
gressive disease, two due to treatment-related adverse events
(TRAES). One patient completed treatment protocol after
53 cycles despite early PD, which was allowed per protocol
to account for possible pseudoprogression. One of the two
patients who discontinued treatment due to TRAEs expe-
rienced grade 4 encephalitis and grade 4 meningitis after
3 cycles.

Safety and toxicity

All 10 patients with melanoma enrolled on the trial experi-
enced one or more TRAE (Supp. Table 2). The most com-
mon TRAE:s included hypertension (80%), headache (50%),
and fatigue (50%). Grade 3 or 4 TRAEs were reported for
5 of the 10 patients (90% CI 22-78%). Grade 3 TRAEs
occurred in four patients and included fatigue in 1 patient
(10%), neck pain in 1 patient (10%), headache in 1 patient
(10%), and hypertension in 4 patients (40%). There were two
grade 4 TRAEs: hypertension and encephalitis classified as
definitively related to therapy. In this cohort, safety was com-
parable to the original safety profile, as 50% of melanoma
patients reported > grade 3 AEs compared to 58% > grade
3 AEs in the initial study [15]. Due to the combination of
efficacy and safety specified by the trial design to continue
to the second stage, the trial did not to continue to stage 2.

Efficacy

Two patients (20%) achieved partial response (PR) and
two patients (20%) experienced stable disease (SD) as
best response. The two responders had mucosal mela-
noma. Both patients with SD had ocular melanoma. The
duration of response was 8.3 and 2.7 months, respectively;
duration of SD was 1.8 and 0.8 months, respectively. The
3-month response rate was 10% [1 of 10], and the 6-month
response rate was 20% (2 of 10) with the first PR occurring
at 2.8 months and the second PR occurring at 5.5 months.
For subsequent analyses, the six patients with reported

progressive disease (PD) are referred to as patients with no
clinical benefit (NCB). Median overall survival (OS) was
13.2 months (90% CI 7.3-20.4), and median progression-
free survival (PFS) was 3.0 months (90% CI 2.6-8.2) (Supp.
Figure 1).

Association of circulating cytokines and clinical
outcome

To interrogate circulating soluble immune markers for
patients with either CB versus NCB, we analyzed steady-
state and longitudinal differences in immune responses in
serum samples collected at two timepoints: baseline prior to
treatment (pre-treatment) and approximately 1 month after
treatment onset (post-treatment) using Luminex Flexmap
3D® assay. Analyte expression levels in patient serum were
compared between both response groups for each timepoint,
respectively.

There were no statistically significant differences in ana-
lyte expression levels between the response groups (Supp.
Table 3) at baseline. To note, levels of VEGF-A were similar
in both response groups at both timepoints (Fig. 1a), with-
out any statistically significant differences. Baseline levels
of PDGF-AB were numerically higher in CB patients com-
pared to NCB patients at the baseline (p =0.27), whereas
post-treatment levels of PDGF-AB were reduced (p =0.08;
Fig. 1a) in CB patients, but not in NCB patients compared to
baseline. Levels of FMS-like tyrosine kinase 3 ligand (FLT-
3L), implicated in anti-tumor activity via mobilization of
dendritic cells (DCs) [16], were higher in CB patients com-
pared to NCB (Fig. 1a) both at baseline and on treatment.
CXCL10, a chemokine known to negatively regulate recruit-
ment of anti-tumor immune cells to tumor microenvironment
(TME) [17], was elevated post-treatment in patients with
NCB, but not in patients with CB (Fig. 1a). Post-treatment,
there were slightly elevated levels of PD-L1 in NCB patients
compared to the CB group (Fig. 1a). Programmed cell death
ligand 1 (PD-L1) has been demonstrated to attenuate host
immune response against various cancers [18].

Longitudinal cytokine expression levels between CB
and NCB patients were compared for each of the 19 tested
analytes (Fig. 1b). In NCB patients, there was a distinct dif-
ference in CXCL10 expression over time, with a median
fold change of 1.9 (90% increase) compared to 0.9 (10%
decrease) in CB (p=0.04, NS after multiple hypothesis cor-
rection). Fold change expression of PD-L1, the principal
ligand of PD-1, was higher in patients with NCB, with a
median fold change of 1.3 (30% increase) compared to 0.9
(10% decrease) in the CB group (p =0.04, NS after multiple
hypothesis corrections).
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Fig. 1 a Association between cytokine level and response to the pem-
brolizumab plus ziv-aflibercept combination. b Overall fold change of
cytokine expression for CB and NCB over the course of treatment.

Association of immune cell populations abundance
and clinical outcome

Immunophenotyping of PBMCs (Fig. 2a and b) collected
pre- and post-treatment revealed changes in adaptive and
innate immune phenotypes. We analyzed the proportional
distribution of immune cell populations among all patients
over the course of treatment (Fig. 2¢ and d, Supplemental
Fig. 2). T cells of the yd lineage are unconventional T cells
whose function is not restricted to MHC-mediated antigen
presentation. There were no significant changes in total v
T cells frequencies in patients with NCB at pre- and post-
treatment compared with CB; however in patients with NCB,
v0 T cells expressing senescence marker CD57 were higher
post-treatment (p =0.03), these differences were not statisti-
cally significant (NS) after multiple hypothesis corrections
(padj > 0.1). Analysis of aff T-cell populations revealed
increased frequencies of effector memory CD4* T cells in
CB patients at both timepoints compared to NCB (p=0.029,
padj=NS) (Fig. 2, Supplemental Fig. 2). No differences in
B-cell nor natural killer T-cell (NKT) abundance between
the two groups pre- and post-treatment were observed. At
post-treatment, PD-1 was elevated in immune cell popula-
tions including intermediate monocytes, mDCs, pDCs, and
B cells in NCB patients compared to CB. In addition, PD-1
expression was upregulated in CD4" T effector memory
cells in patients with NCB compared to patients with CB
(»p=0.03, padj=NS Fig. 2e).
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Serum samples were collected from 10 patients during pre-treatment,
and a panel of 19 cytokines and chemokines was analyzed using the
Bio-Techne Luminex Assay Kit

Discussion

There is a substantial rationale for study of antiangiogenic
therapy in combination with pembrolizumab in advanced
melanoma resistant to anti-PD-1 treatment. Angiogenic fac-
tors, such as vascular endothelial growth factor (VEGF),
play a crucial role in immune modulation, tumorigenesis,
and the progression of tumors [16]. Elevated levels of VEGF
have been associated with diminished anti-tumor immune
response and resistance to immune checkpoint inhibition in
the context of cancer treatment (a). Consequently, it is worth
noting that a combination of antiangiogenic agents and
immune checkpoint inhibitors (ICIs) may serve as a prom-
ising approach to overcome immune suppression caused by
angiogenesis, a significant impediment in cancer therapy. In
a previous study employing dose escalation, we determined a
therapeutic dosage for the combined treatment of ziv-afliber-
cept, an antiangiogenic agent, and pembrolizumab in solid
tumors, while maintaining an acceptable safety profile [12].
Overall, ziv-aflibercept in combination with pembrolizumab
was well-tolerated and showed clinically meaningful activ-
ity. Toxicity for the combination was similar to observations
previously reported with the combination. Interestingly, the
combination therapy of ziv-aflibercept and pembrolizumab
showed efficacy in anti-PD-1-resistant melanoma patients
with ocular and mucosal disease, with a mean follow-up
time of 20.6 months. However, the treatment was associated
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Fig.2 a Heatmap showing cluster population definitions. b UMAP
dimensional reduction of mass cytometry data, color coded by clus-
ter cell populations. ¢ Stacked barplot showing frequency of each cell
population in each patient sample. Legends for B and C shown in fig-

with adverse events, including a severe case of encephalitis
and meningitis.

Efforts to define predictive biomarkers of ziv-aflibercept
activity are needed to help enrich study populations to those
patients most likely to experience clinical benefit from the
addition of ziv-aflibercept. Monocytes and macrophages are
recognized as significant contributors of PDGF, a tumori-
genic factor, and potent angiogenesis regulator [16]. PDGF-
AB, derived from platelets, has been documented to induce
cellular proliferation [17]. In contrast with patients with
CB who showed a decline in PDGF expression after treat-
ment, patients with NCB did not exhibit a corresponding
decrease. Our speculation is that anti-angiogenic therapy
exerts an influence on myeloid cell populations, resulting in

ure C. d Boxplot showing frequency of specific cell populations pre-
and post-treatment for both response groups. e Arcsinh transformed
expression of PD1. Median and interquartile range shown in orange

diminished levels of pro-tumorigenic PDGF. Additionally,
PD-L1 has been implicated in tumor immune evasion and
cancer progression in various cancers [18]. PD-L1 levels
were reduced in CB patients compared to NCB after treat-
ment, suggesting a benefit following antiangiogenic treat-
ment due to changes in myeloid cell function and PD-L1
production. While intratumoral CXCL10 was identified as
a potential favorable prognostic factor in metastatic mela-
noma [19], circulating CXCL10 has also been reported to
have dual effects and cell growth as well as angiogenesis
in cancer, depending on CXCR3 expression and other fac-
tors in the TME [20]. In this study, higher levels of secreted
CXCLI10 in NCB patients may be reflective of pro-tumor
activity due to overexpression of CXCR3 in the TME.
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In this study, patients who benefited clinically of ziv-
aflibercept and pembrolizumab combination exhibited lower
levels of CD57~ and CD57% y8 T compared to NCB at both
timepoints. T cells of the ¥ lineage are unconventional T
cells whose function is not restricted to MHC-mediated anti-
gen presentation. While y0 T cells are generally described
as pivotal immune cells in tumor immunosurveillance, there
have been multiple reports of specific Y0 T-cell subsets that
are associated with poor clinical outcome in melanoma
patients [21, 22, 23]. In addition to immunosuppressive
cytokines released by regulatory y8 T cells, levels of pro-
tumor cytokine IL-17a are elevated when TME is dominated
by V81 T cells. Furthermore, basal levels of IL-17a in mela-
noma patients were associated with poor clinical outcomes
[22]. Although no difference in IL-17a expression of circu-
lating total Yo T cells was seen in this study, there is a trend
of higher IL-17a expression in various circulating cell popu-
lations in patients with NCB. Together, we suggest that local
v0 T-cell subsets may be perturbed and may be negatively
contributing to clinical outcomes in patients with NCB. It
would require a more detailed analysis of tumor-derived y8
T cells to delineate this further. Notably, CD57" expressed
by v0 T cells in NCB patients post-treatment can be consid-
ered a marker of inactivation or senescence. Considering the
increased levels of y8 T cells CD57" following treatment in
NCB, it further suggests a potential impairment in yd T-cell
function among patients with unfavorable clinical prognosis.

There are several limitations to this study, including small
sample size, relatively short follow-up period for correlative
studies, and limited availability of specimens for immune
cell analysis in tumors. Although we observed a disease
control rate similar to that of our previous study, the lim-
ited sample size in this study prevented us from drawing
definitive conclusions regarding clinical efficacy. The expan-
sion cohorts in Part 2 were each based on Simon two-stage
designs with 10 patients in stages 1 and 8 additional patients
in stage 2. In order to move to stage 2, there must have been
two or more responses in the first 10 patients and the rate of
grade 3 or higher TRAE had to be 0.33 or less. Even though
there were two responders, the rate of TRAE was 50% (5
of 10 patients). Therefore, the study stopped at the end of
the first stage because of the safety clause. It is important to
emphasize that for the purpose of rigorous clinical reporting
and to minimize the risk of false discoveries, we employed
the Benjamini—Hochberg procedure to adjust p values.

Given the observed clinical benefits in patients who
had previously undergone anti-PD-1 therapy, there is a
strong rationale for further investigating the combination
of immune checkpoint inhibition with anti-angiogenesis
agents in individuals resistant to anti-PD-1 treatment. Our
study findings provide important clinical insights, indicat-
ing that the combined treatment with angiogenesis blockade
and PD-1 inhibition is both safe and effective in a subset
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of patients. Moreover, the results suggest that this combi-
nation therapy has the potential to modulate cytokine and
immune cell population profiles, thereby shaping the anti-
tumor immune response. These clinically significant findings
highlight the relevance and potential of this approach in the
management of patients with anti-PD-1 resistance, offer-
ing a promising avenue for future research and patient care.
Improved understanding of checkpoint blockade combina-
tions will lead to enhanced therapeutic options for patients
with advanced melanoma resistant to anti-PD-1 treatment.
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