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Abstract

Objectives. Although axitinib has achieved a preferable response
rate for advanced renal cell carcinoma (RCC), patient survival
remains unsatisfactory. In this study, we evaluated the efficacy and
safety of a combination treatment of axitinib and a low dose of
pembrolizumab-activated autologous dendritic cells—co-cultured
cytokine-induced killer cells in patients with advanced RCC.
Methods. All adult patients, including treatment-naive or
pretreated with VEGF-targeted agents, were enrolled from May
2016 to March 2019. Patients received axitinib 5 mg twice daily
and pembrolizumab-activated dendritic cells—co-cultured cytokine-
induced killer cells intravenously weekly for the first four cycles,
every 2 weeks for the next four cycles, and every month
thereafter. Results. The 43 patients (22 untreated and 21
previously treated) showed a median progression-free survival
(mPFS) of 14.7 months (95% Cl, 11.16-18.30). mPFS in treatment-
naive patients was 18.2 months, as compared with 14.4 months in
pretreated patients (log-rank P-value = 0.07). Overall response
rates were 25.6% (95% Cl, 13.5-41.2%). Grade 3 or higher adverse
events occurred in 5% of patients included hypertension (11.6%)
and palmar-plantar erythrodysesthesia (7.0%). Peripheral blood
lymphocyte immunophenotype and serum cytokine profile
analyses demonstrated increased antitumor immunity after
combination treatment particularly in patients with a long-term
survival benefit, while those with a minimal survival benefit
demonstrated an elevated proportion of peripheral CD8'TIM3" T
cells and lower serum-level immunostimulatory cytokine profile.

2021 | Vol. 10 | e1257

Australian and New Zealand Society for Immunology, Inc. Page 1


https://orcid.org/0000-0002-6399-3412
https://orcid.org/0000-0002-6399-3412
https://orcid.org/0000-0002-6399-3412
mailto:
mailto:
mailto:
www.wileyonlinelibrary.com/journal/cti

Combination immunotherapy in RCC

Conclusions.

M-J Song et al.

The combination therapy was active and well

tolerated for treatment of advanced RCC, either as first- or
second-line treatment following other targeted agents. Changes in
immunophenotype and serum cytokine profile may be used as
prognostic biomarkers.

Keywords: advanced renal cell carcinoma, axitinib, dendritic cells
and cytokine-induced killer cells immunotherapy, pembrolizumab

INTRODUCTION

Each year, there are an estimated 403 300 new
cases of renal cell carcinoma (RCC) worldwide,
resulting in 175 100 deaths." Approximately one-
third of RCC patients present with metastatic
disease at their initial diagnosis and 30-40% of
patients with localised tumors will develop
metastases after surgery.? RCC is often resistant to
conventional  therapy regimens such as
chemotherapy and radiotherapy.®> Immunotherapy
using high-dose interleukin (IL)-2 is the most
successful single-agent therapy for metastatic RCC,
although clinical benefits are limited to patients
with excellent performance status and normal
organ function.* Recently, the introduction of
agents targeting the vascular endothelial growth
factor (VEGF) and mammalian target of rapamycin
(mTOR) pathway has supplanted IL-2 as the
mainstay therapy and has improved the survival of
advanced RCC.® Several active inhibitors targeting
the VEGF/VEGF-receptor and the mTOR in
metastatic RCC (mRCC) have also been approved.5
However, the survival rate among patients with
mRCC has plateaued.®

Axitinib, a selective, second-generation inhibitor
of VEGFR-1, VEGFR-2 and VEGFR-3,” is a standard
first- or second-line therapy for mRCC. Previous
clinical studies demonstrated that the median
progression-free survival (PFS) seen in patients
with mRCC treated with axitinib was 10.1 and
6.7 months when used as first- and second-line
therapies, respectively.®® Although antiangiogenic
drugs such as axitinib have changed the
therapeutic landscape for this disease, they are
associated with a limited ability of durable tumor
control once resistance to therapy is developed.®
2 Thus, the identification of more effective
treatment strategies to improve patient care and
increase survival for patients with mRCC is
urgently needed.

Immunotherapy is the fourth pillar of treatment
for malignant tumors due to our improved
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understanding of the underlying principles of
tumor biology and immunology.’® As a typical
representative of immune checkpoint therapy,
pembrolizumab is an anti-programmed death
(PD)-1 antibody that selectively blocks the
interaction between PD-1 and PD-1 ligands 1 and
2 (PD-L1/L2), thus resulting in activation of the
cellular immune response.''> Previous reports
have demonstrated that pembrolizumab shows
extensive antitumor activity in patients with
various cancers'® and elicits long-term tumor
regression.”” Rini et al.'® also reported that
patients with mRCC treated with first-line
pembrolizumab  plus  axitinib  showed a
significantly increased median PFS compared to
those treated with sunitinib alone (15.1 versus
11.1 months). Moreover, axitinib was also
reported to play an immunomodulatory role
within the tumor microenvironment beyond its
antiangiogenic activity. For example, axitinib
could increase the infiltration of immune cells and
reduces the suppressive capacity of monocytic
myeloid-derived suppressor cells in mouse model'®
and reverse tumor-induced immunosuppression
via modulation of myeloid and mast cells to
induce anticancer immunity.?® These results
provide a theoretical rationale for immunotherapy
combined with axitinib.

Besides immune checkpoint inhibitors, several
adoptive cell immunotherapies using various killer
cells have been investigated as new
immunotherapeutic options, including tumor-
infiltrating lymphocytes (TIL), antigen-specific T
lymphocytes, cytokine-induced killer (CIK)
cells/dendritic cells—co-cultured CIK (DC-CIK) cells
and chimeric antigen receptor T cells.?"2> Among
them, CIK/DC-CIK cells exhibited potent cytotoxic
activity against a broad spectrum cancer cells
in vitro and in vivo.?®?’ A series of clinical studies
have demonstrated the safety and therapeutic
efficacy of CIK/DC-CIK cell treatment for several
types of cancer,?®?° including RCC.?>?> However,
our and others previous studies showed that a

© 2021 The Authors. Clinical & Translational Immunology published by John Wiley & Sons Australia, Ltd on behalf of

Australian and New Zealand Society for Immunology, Inc.



M-J Song et al.

fraction of CIK/DC-CIK cells are PD-1 positive and
that antitumor activity of CIK/DC-CIK cells is
restricted by PD-1/PD-L1 pathways in the tumor
microenvironment.>®*3? In addition, anti-PD-1
antibody systemic therapy is associated with
immune-related adverse effects and may induce
an immunosuppressive program by interacting
with  various immunosuppressive cells (e.g.
myeloid cells, Treg cells and macrophage) in the
tumor bed.3*3° It is therefore logical to assume
that using a low dose of pembrolizumab in vitro
to directly block the PD-1 epitope in CIK/DC-CIK
cells may reduce the negative effects of
pembrolizumab systemic therapy and enhance the
cytotoxicity of CIK/DC-CIK cells against tumor
cells.3%313837 Qur previous phase | clinical study
showed the feasibility and low toxicity of a low
dose of PD-1 blockade-activated DC-CIK cell
immunotherapy in patients with advanced
cancers, including mRCC.3° Based on these
considerations, we conducted an investigator-
initiated, single-arm, phase 2 study of axitinib plus
a low dose of pembrolizumab-activated
autologous DC-CIK cells in patients with advanced
RCC.

RESULTS

Patient characteristics

From May 2016 to March 2019, 53 patients were
assessed for eligibility, of whom 10 were deemed
ineligible [previous treatment with axitinib (three
patients) or anti-PD-1 antibody (one patient), non-
renal cell carcinoma (two patients), uncontrolled
hypertension (two patients), failure to obtain
informed consent (one patient), and no
measurable disease at screening (one patient)]
and 43 patients were enrolled for safety and
activity analysis (Figure 1). Baseline and disease
characteristics are shown in Table 1. Overall, 36
patients had histology of clear cell RCC (ccRCQ),
and seven patients had papillary RCC (pRCQ).
Thirty patients (69.8%) were categorised with
favorable or intermediate-risk disease according
to the International Metastatic Renal Cell
Carcinoma Database Consortium model
(determined at the time of study entry). Twenty-
two patients had not received previous treatment,
while the other 21 had received previous VEGF-
targeted treatment, including 10 (23.2%) with
sunitinib, 7 (16.3%) with sorafenib, and 4 (9.3%)
with pazopanib. All the enrolled patients received
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at least four cycles of pembrolizumab-activated
DC-CIK cell treatment; the median cycle of cell
treatment was 18 cycles (range, 4-33 cycles). At
the cut-off date (29 April 2020), 74.4% of patients
had discontinued study treatment. Disease
progression was the most common reason for
discontinuation (Figure 1).

Characteristics of final pembrolizumab-
activated autologous DC-CIK cells

Pembrolizumab-activated autologous DC-CIK cells
were successfully generated in all cycles of
treatment. The median count of DC-CIK cells after
14 days of expansion reached 1.2 x 10'° (range,
0.8 x 10" to 1.5 x 10" for all cycles. The
median percentage of CD3", CD3"CD4", CD3'CD8",
CD3CD56" and CD3'CD56' population in the
infused DC-CIK cells was 98.3% (range, 88.6-
99.2%), 28.5% (range, 5.3-80.4%), 71.2% (range,
21.9-85.5%), 1.5% (range, 0.4-11.2%), and 16.5%
(range, 5.4-50.8%), respectively (Supplementary
figure 1). Based on trypan blue staining, the
cellular vitality of infused DC-CIK cells was 95% or
higher. The cells were without any bacterial,
fungal, or mycoplasma contamination. Following
quality testing and cultured with pembrolizumab
for 30-40 min, all numbers of harvested
autologous DC-CIK cells (range, 0.8 x 10" to
1.5 x 10"%) per cycle were infused back to
patients at one time.

Efficacy

At the date of the analysis (the cut-off date), the
median follow-up for the 43 patients in this study
was 23.6 months. Twenty-six (60.5%) patients had
disease progression, and 2 (4.7%) patients had
died from disease progression. In the treatment-
naive and  VEGFR-targeting  TKl-pretreated
subpopulations, 11 and 15 PFS events were
recorded, respectively. Median PFS  was
14.7 months (95% ClI 11.16-18.30, Figure 2a) in the
overall study population. The percentages of
patients without disease progression at 6 and
12 months were 72.1% and 62.1%, respectively
(Table 2). Median PFS was 18.2 and 14.4 months
for the patients untreated versus previously treated
with targeted therapy, respectively, and no
statistically significant difference was found
between the two groups (Figure 2a; Log-rank P-
value = 0.07). PFS rate at 12 months for patients
untreated versus previously treated with targeted
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Figure 1. Clinical trial diagram and protocol. (a) Flow diagram illustrating
in the patients in this trial. (b) Overview of the treatment protocol. DC-C
vascular endothelial growth factor; W, week.

therapy were 71.6% and 52.4%, respectively
(Figure 2a). Median PFS in ccRCC and pRCC were
17.3 and 14.4 months, respectively (Supplementary
figure 2; Log-rank P-value = 0.1069). The median
overall survival (OS) was not reached in the overall
study population. Final OS results will be reported
in a subsequent paper.
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the enrolment and assignment protocols and the analyses performed
IK, dendritic cells—co-cultured with cytokine-induced killer cells; VEGF,

Treatment efficacy for the overall study
population, as well as for the subgroups
determined by previously treatment and

histology classification, is detailed in Table 2. The
observed objective response rate (ORR) in the
entire population was 25.6% (95% CI, 13.5-
41.2%, including 1 complete response (CR) and
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Table 1. Baseline demographic and clinical characteristics

Variable No. of patients %
Sex

Male 31 721
Female 12 27.9
Age (years)

>60 14 32.6
<60 29 67.4
Histology

ccRCC 36 83.7
pRCC 7 16.3
ECOG performance status

0 17 39.5
1 22 51.2
2 4 9.3
Common sites of metastases

Lung 34 79.1
Live 10 23.3
Bone 21 48.8
Lymph nodes 30 69.8
No. of evaluable disease sites

1 16 37.2
>2 27 62.8
IMDC prognostic risk

Favorable 6 14.0
Intermediate 24 55.8
Poor 13 30.2
Previous nephrectomy

Yes 38 88.4
No 5 11.6
Previous systemic therapy

Treatment naive 22 51.2
Pazopanib 4 9.3
Sorafenib 7 16.3
Sunitinib 10 23.2

ccRCC, clear cell renal cell carcinoma; ECOG, Eastern Cooperative
Oncology Group; IMDC, International Metastatic Renal Cell
Carcinoma Database Consortium; pRCC, papillary renal cell
carcinoma.

IMDC risk groups were defined as favorable (0 factors), intermediate
(1 or 2 factor) or poor (3-6 factors).

10 partial responses ([PR], Figure 2b), with a
median duration of response of 18.2 months.
Twenty-one of 43 patients (48.8%) had stable
disease (SD). Patients in the treatment-naive
subpopulations had an ORR of 31.8% (95% Cl,
13.9-54.9%), which was not significantly
improved than that in the VEGFR-targeting TKI-
pretreated subpopulation (19%). Similarly, there
was no statistically significant difference in ORR
between patients with ¢ccRCC (ORR, 27.8%, 95%
Cl, 14.2-45.2%) and pRCC (ORR, 14.3%, 95% (I,
0.4-57.9%) (Table 2).
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Safety

Treatment-related toxicities for all 43 patients are
listed in Table 3. Most patients only had mild
(grade 1-2) adverse events similar to those
previously reported with single-agent axitinib.
Diarrhoea (48.8%), palmar-plantar
erythrodysesthesia (37.2%), hypertension (30.2%),
and proteinuria (25.6%) were the most common
adverse events (AEs). The most common grade 3-4
AEs were hypertension (11.6%), palmar-plantar
erythrodysesthesia (7.0%), diarrhoea (4.7%), and
proteinuria (4.7%). Immune-related AEs as
potential toxicities of interest were also recorded
during the administration of autologous
pembrolizumab-activated DC-CIK cells. In our
study, only five (11.6%) patients developed grade
1 chill and fever, which were related to the
infusion of pembrolizumab-activated DC-CIK cells
and recovered spontaneously without any medical
treatment. No immune-related serious adverse
events such as pneumonitis, colitis, hepatitis,
nephritis, and myocarditis appeared in any of the
patients. No patients died for AEs, and no
treatment was discontinued in any patients
because of treatment-related AEs.

Peripheral blood lymphocyte
immunophenotype analysis

Next, we investigated whether the combination of
axitinib and pembrolizumab-activated autologous
DC-CIK cells contributed to the changes in
peripheral blood lymphocyte immunophenotype.
Compared with the baseline before treatment,
the percentage of CD3"CD8" cell subsets, the main
population of cytotoxic lymphocyte (CTL) in
antitumor immunity, and their central memory
(CD8'CD62L"CD45RA ), effector memory
(CD8'CD62L CD45RA") and proliferation
(CD8'Ki67") phenotypes, and expression of PD-1
and  co-stimulation  molecule CD40 were
significantly increased after 2 and 4 cycles of
treatment, while the frequency of naive CD8" T
cells (CD8'CD62L'CD45RA™) was decreased
(Figure 3a). For the CD3"CD4" subset, increased
PD-1 expression was observed, with no significant
change in their other immunophenotypes
(Figure 3a).

Using 12 months of PFS as a cut-off value,
patients were divided into a long-term survival
benefit (PFS > 12 months) and minimal survival
benefit (PFS < 12 months) cohorts. Intriguingly, all
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Figure 2. Clinical outcomes in 43 patients who were treated with axitinib plus pembrolizumab-activated DC-CIK cells. (a) Kaplan—-Meier survival
curve of progression-free survival (PFS) in (left) overall study population, (middle) treatment-naive population and (right) targeted agents-
pretreated population. (b) Waterfall plot of the best response in all eligible patients. Twenty-seven patients (62.8%) had measurable tumor

reduction.

lymphocyte immunophenotypes between the two
cohorts showed no significant differences before
treatment according to the baseline measurement
(Supplementary figure 3). The activation profile of
the adoptive cells between the two cohorts had
no significant difference in good survivors versus
poor survivors at baseline prior to transfer, with
an increased trend in good  survivors
(Supplementary figure 4). However, the long-term

survival  benefit cohort exhibited higher
frequencies of peripheral CD3"CD8" CTL cell
subsets and their effector memory

(CD8"CD62L"CD45RA™) and proliferation
(CD8'Ki67") phenotypes than the minimal survival
benefit cohort after either 2 (Figure 3b) or 4
(Figure 3c) cycles of treatment. In the minimal
survival benefit cohort, peripheral CD8" cells were
enriched for TIM3 expression and trended to
express more PD-1 after 2 and 4 cycles of
treatment (Figure 3b and c).
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Serum cytokine profile analysis

Serum samples were obtained from patients
before and after 2 and 4 cycles of
pembrolizumab-activated DC-CIK cell infusion in
combination with axitinib treatment. High-
throughput antibody microarray analysis was
performed to assess human inflammatory factors,
growth factors, chemokines, and receptors.
Compared to the baseline measurement before
infusion, we found that the majority of these
factors were increased after 2 and 4 cycles of
treatment, particular at the timepoint of 4 cycles,
according to the fold-change (Figure 4a). The top
30 up-requlated factors included 11 pro-
inflammatory/immunostimulatory  cytokines or
their receptors (IL-12p70, IL-28A, MICB, ICAM-3,
MICA, IFN-y, IL-29, IL-1RA, IL-2, OPG, TNF-a, and
IL-5), 3 anti-inflammatory/immunosuppressive
cytokines (IL-13, IL-4, and VEGF-D), 3 chemokines
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Table 2. Efficacy outcomes

Combination immunotherapy in RCC

Table 3. Treatment-related toxicities for the entire cohort

Parameter

Adverse events All grades (%) > Grade 3 (%)

Objective response, n (%)
Best overall response

Complete response 1(2.3)
Partial response 10 (23.2)
Stable disease 21 (48.8)
Progressive disease (25.6)
Response rate (CR + PR) 11 (25.6)
95% Cl 13.5-41.2
Treatment subgroup
Treatment-naive 22
Response rate (CR + PR), n (%) 7(31.8)
95% ClI 13.9-54.9
One previous treatment 21
Response rate (CR + PR), n (%) 4 (19)
95% Cl 5.6-41.9
Histology subgroup
ccRCC 36
Response rate (CR + PR), n (%) 10 (27.8)
95% ClI 14.2-45.2
pRCC 7
Response rate (CR + PR), n (%) 1(14.3)
95% Cl 0.4-57.9

Progression-free survival
Median (95% Cl) progression-free
survival (months)
Progression-free survival rate (95% Cl)
At 6 months
At 12 months

14.7 (11.16-18.30)

72.1% (59.9-86.8)
62.1% (49.1-78.7)

ccRCC, clear cell renal cell carcinoma; pRCC, papillary renal cell
carcinoma.

(I-309 (CCL1), I-TAC (CXCL11) and MCP-1 (CCL2)),
and some regulatory growth factors such as BMP-
4, HB-EGF, MCSF and LIF. Based on these
treatment-induced differential factors, Gene
Ontology (GO) analysis (before treatment versus
after 2 cycles of treatment versus after 4 cycles of
treatment) demonstrated that they are mainly
enriched in leucocyte migration, cellular response
to interferon-gamma, response to interleukin-1,
lymphocyte migration, monocyte chemotaxis,
cellular response to chemokines, neutrophil
chemotaxis, granulocyte chemotaxis, and so on.
(Figure 4b).

Furthermore, we also evaluated the differences
of all these serum factors between the two
outcome cohorts of long-term and minimal
survival benefit. For the baseline measurement
before treatment, slight differences were found
between the two cohorts (Figure 4¢c) and these
minor differences are unavailable for GO analysis
(data not shown). However, some significant
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Diarrhoea 21 (48.8) 24.7)
Palmar-plantar erythrodysesthesia 16 (37.2) 3 (7.0)
Hypertension 13 (30.2) 5(11.6)
Proteinuria 11 (25.6) 24.7)
Nausea 6 (14.0) 0
Decreased appetite 6 (14.0) 0
Fatigue 6 (14.0) 0
Increased aspartate aminotransferase 6 (14.0) 1(2.3)
Increased alanine aminotransferase 6 (14.0) 1(2.3)
Pruritus 6 (14.0) 0
Chills 5(11.6) 0
Fever 5(11.6) 0
Hypothyroidism 5(11.6) 0
Mucosal inflammation 4(9.3) 1(2.3)
Rash 4(9.3) 1(2.3)
Anaemia 3 (7.0) 0
Thrombocytopenia 3(7.0) 0
Vomiting 3 (7.0) 0
Constipation 2@4.7) 0
Arthralgia 2@4.7) 0
Abdominal pain 2@4.7) 0

differences appeared after 2 cycles of treatment;
more differences were observed after 4 cycles of
treatment (Figure 4c). At the timepoint of after 2
cycles of treatment, the highly up-regulated 30
factors in long-term survival cohort were mainly
pro-inflammatory/immunostimulatory cytokines or
their receptors (IL-1a, IL-18 BPa, IL-2 Rg, TNF-o,
IL-17F, IL-1B, IL-17R, IL-1R4, LIGHT, IL-1 RI, 4-1BB,
uPAR, LIMPIl, TIM-1 and IFN-y) and chemokines
(MIP-3a (CCL20), Eotaxin-3(CCL26), MIG (CXCL9)
and 6Ckine (CCL21)) compared with the minimal
survival cohort, with a few up-regulation of
anti-inflammatory/immunosuppressive  cytokines
(IL-10RB, Dtk, IL-8 and TGF-B3) and regulatory
growth factors (bFGF, PIGF, IGFBP-6, SCF, G-CSF
and NRG1-B1). Moreover, the measurement after
4 cycles of treatment showed more significant
increase of multiple factors in the long-term
survival cohort. The majority of them were
pro-inflammatory/immunostimulatory cytokines or
their receptors (IL-2, IL-12p70, TNF-o, MICB, IL-28A,
IL-1RA, IL-15, IFN-y, ICAM-3, IL-1B, IL-29, MICA,
IL-5, TNF-B, IL-2 Rg, IL-1a, IL-17F, and so on)
and chemokines (I-309 (CCL1), I-TAC (CXCL11),
MCP-1 (CCL2), MIG (CXCL9), and so on), together
with some anti-inflammatory/immunosuppressive
cytokines (IL-13, VEGF-D, IL-4, VEGF, and so on)
and regulatory growth factors (MCSF, G-CSF, LIF,
NGFR, NT-3, GDNF, NT-4, and so on. GO analysis
for the differential factors between the two
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Figure 3. Peripheral blood lymphocyte immunophenotype assessment via flow cytometry. (a) Peripheral blood lymphocyte immunophenotype
before treatment and after 2 and 4 cycles of pembrolizumab-activated DC-CIK cell infusion combination with axitinib treatment (n = 28). (b, c)
Peripheral blood lymphocyte immunophenotype after 2 (b) and 4 (c) cycles of pembrolizumab-activated DC-CIK cell infusion combination with
axitinib treatment in patients with long-term (n = 18) and minimal (n = 10) survival benefits. DC-CIK, dendritic cells—co-cultured with cytokine-
induced killer cells. ns, not significant. *P < 0.05. **P < 0.01. ***P < 0.001. Data are representative of three independent experiments.

cohorts of long-term and minimal survival benefit
demonstrated similar results at the timepoints of
after 2 (Figure 4d) and 4 (Figure 4e) cycles of
treatment, and response to tumor necrosis factor,

lymphocyte chemotaxis/migration, response to
interleukin 1, neutrophil chemotaxis/migration,
leucocyte  chemotaxis/migration,  granulocyte
chemotaxis/migration, and monocyte/mononuclear
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Figure 4. Serum cytokine profiles analysis. Serum levels of various cytokines were determined using antibody microarrays, and the fold-change
of each cytokine after pembrolizumab-activated DC-CIK cell infusion combination with axitinib treatment versus before treatment was calculated.
(a) Heatmap showed differential cytokines of after versus before treatment at the timepoints after 2 and 4 cycles of combination treatment
according to the median fold-change (n = 11). (b) GO analysis for the significant terms enriched by the differential cytokines of before versus
after 2 cycles’ versus 4 cycles’ combination treatment (n = 11). (c¢) Heatmap showed differential cytokines in the patients with long-term survival
benefit (n = 8) versus minimal survival benefit (n = 3) at timepoints before and after 2 and 4 cycles of combination treatment according to the
median fold-change. (d, e) GO analysis for the significantly top terms enriched by differentially expressed serum cytokines in long-term survival
benefit patients (n = 8) in comparison with minimal survival benefit patients (n = 3) at timepoints of after 2 (d) and 4 (e) cycles of combination
treatment. FC, fold-change. Data are representative of three independent experiments.
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cell  chemotaxis/migration  were  commonly
enriched. Positive regulation of response to
external stimulus and chemokine-mediated
signalling pathway were additionally enriched by
the differential factors at the timepoints of after
4 cycles of treatment (Figure 4e).

DISCUSSION

During the past several years, multiple VEGFR-
targeted inhibitors have become available for the
treatment of advanced RCC.> However, these
antiangiogenic targeted agents are palliative
treatments and rarely produce durable disease
control.>® Nowadays, the combination of targeted
agents  (axitinib) and  anti-PD1 antibody
(pembrolizumab) have shown significantly longer
OS and PFS in patients with mRCC as compared
with a single targeted agent (sunitinib)."® This
might indicate that the combination of targeted
agents and immunotherapy can be a novel
therapeutic regimen for mRCC. Besides, both of
our and other previous clinical studies
demonstrated that adoptive cell immunotherapy
produced clinical activity for patients with
mRCC.3%3° Therefore, in this phase Il clinical trial,
we sought to investigate the efficacy and safety
of the combination of axitinib and a low dose of
pembrolizumab-activated autologous DC-CIK cell
immunotherapy for patients with mRCC who had
not received any previous systemic anticancer
therapy or who had only received one prior
treatment with targeted agents.

As anticipated, the combination of axitinib and
pembrolizumab-activated autologous DC-CIK cells
was an active regimen. In our previous study, we
found that a fraction of DC-CIK cells were PD-1
positive and that antitumor activity of DC-CIK cells
was significantly increased after pre-activating
with pembrolizumab at a dose of 1 ug per million
cells.3® This dose (8-15mg per infusion) of
pembrolizumab is far less than what was used in

clinical setting, and has little clinical activity.*>*!
Thus, we consider the clinical activity of
pembrolizumab-activated DC-CIK cells were

mainly attributed to in vitro pre-activated DC-CIK
cells, but not this low dose of pembrolizumab. In
the overall population of 43 patients treated,
25.6% patients had ORR (CR, 2.3%, PR, 23.5%),
and 62.8% experienced a measurable reduction in
tumor size. The median PFS was 14.7 months
(95% CI, 11.16-18.30 months), and 62.1% of
patients were progression-free at 12 months. This
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met the predefined threshold for a successful
result. The efficacy of this regimen in untreated
patients, or those previously treated with one
targeted inhibitor, was similar. In the 22
previously untreated patients, the ORR was
31.8%, with an 18.2-month median PFS. In
patients previously treated with targeted therapy,
the ORR was 19%, with a 14.4-month median PFS.
Similar result was also observed between patients
with pRCC and ccRCC. Although the response rate
of this combination therapy was not higher than
that of single axitinib, the median PFS was longer
than that of single axitinib for either first- or
second-line therapy,®® which is a very suggestive
of immunotherapeutic response with lasting
survival benefit. Moreover, the median PFS for the
patients in the second-line therapy in our study
was still similar to that observed in previously
published data on the combination of axitinib
and pembrolizumab which was administered in
the first-line therapeutic setting.'® Altogether,
these results collectively indicate that the
combination of axitinib and pembrolizumab-
activated DC-CIK cells may be an alternative
therapeutic option for patients with mRCC.

Either axitinib or pembrolizumab-activated DC-
CIK cells might reprogram host immune status
towards a more immune supportive environment

in cancer patients.">?%3!"  Axitinib was also
contradictorily reported to decrease in T-cell
proliferation®* and impair DC activation,

differentiation, and function.*® In the current
study, combination of axitinib and
pembrolizumab-activated DC-CIK cells generally
enhanced the number of peripheral CD3*CD8" CTL
cells, promoted  their  proliferation  and
differentiation from naive to effector memory
and central memory phenotypes, and up-
regulated their expression of CD40, a receptor
providing strong co-stimulatory signal for
augmenting T-cell responses.*® Meanwhile,
elevated frequencies of CD4"PD-1" and CD8"PD-1"
T cells together with other changed
immunophenotypes indicated that the
combination therapy might more or less activate
peripheral T cells. In-depth work will be needed
to clarify how CD8" T cells accomplish such kind
of changes. Interestingly, although there were no
significant differences between the two outcome
cohorts at the baseline before treatment, higher
frequencies of peripheral CD3"CD8" cells and their
effector memory and proliferation phenotypes
were observed in patients with long-term survival
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benefits after combination treatment, suggesting
that the peripheral T cells in this cohort might be
phenotypically and functionally activated and thus
contributed to therapeutic benefit. However,
stronger expression of TIM3, a ‘brake’ molecule
up-regulated on exhausted T cells**® was
observed on peripheral CD8" T cells in minimal
survival cohort than that in long-term survival
cohort. It might be a potential resistance
mechanism by synergistically inducing CD8" T-cell
exhaustion with PD-1 that also trended to be
higher expressed in minimal survival benefit
cohort. Dual targeting of PD-1 and TIM3 could be
applied with DC-CIK infusion in the future. As a
result, we inferred that the combination
treatment appropriately activated the peripheral T
cells in long-term survival cohort, and such
activation did not reach the threshold of over-
activation or exhaustion, therefore resulting in an
encouraging outcome. But those T cells in
minimal survival cohort probably were over-
activated and became exhausted, therefore
leading to an unsatisfactory outcome. Our work
will be dedicated towards addressing these issues
and finding a way how most patients can benefit
from this combination therapy.

Adoptive cell transfer provided the active
in vivo development of sufficient numbers of
antitumor lymphocytes, and trafficking and
subsequent infiltration to the tumor
microenvironment were also crucial for the
persistence of durable antitumor responses.*’
Serum cytokine profile analysis in the present
study demonstrated that at the timepoint of 2
or 4 cycles of treatment, about half of
significantly up-regulated factors caused by this
combination therapy were pro-inflammatory/
immunostimulatory cytokines and chemokines
(such as immunostimulatory IL-12p70, IL-28A,
IL-29, and so on, classical cytotoxic IFN-v, IL-2, and
TNF-o, NKG2D ligands MICA and MICB, and
chemotactic CCL1, CXCL11, and CCL2), together
with some anti-inflammatory/immunosuppressive
cytokines, such as IL-13 and IL-4, and
immunomodulatory growth factors, such as BMP-
4, HB-EGF, and MCSF. These differential cytokines
were tightly associated with leucocyte (such as
lymphocyte, monocyte, neutrophil, and
granulocyte) chemotaxis and response to the
cytotoxic interferon-gamma and pro-inflammatory
interleukin-1, indicating a potentially general
immune activation at serum level after receiving
the combination treatment. More importantly, we
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also identified highly significant differences in
serum cytokine profile between the two outcome
cohorts of long-term and minimal survival benefit
at the timepoints after 2 and 4 cycles’ treatment,
but not the baseline before treatment. The up-
regulation in long-term survival cohort at the two
timepoints particularly after 4 cycles of treatment,
was mainly pro-inflammatory/immunostimulatory
cytokines, chemokines, and their receptors (such
as the most up-regulated cytotoxic IL-2, TNF-q,
and IFN-y, immunostimulatory IL-12p70, IL-1RA, IL-
15, ICAM-3, IL-1B, IL-29, IL-5, and so on, NKG2D
ligands MICA and MICB, and chemotactic CCL1,
CXCL11, CCL2, and CXCL9), and a few anti-
inflammatory/immunosuppressive cytokines (such
as IL-13, IL-4, VEGF, and so on) as well as some
immunomodulatory growth factors (MCSF, G-CSF,
LIF, and so on). They were extensively implicated
with response to external stimulus, pro-
inflammatory  tumor  necrosis factor and
interleukin 1, immune cell chemotaxis, and so on.
These underlying changes in immunobiology
trended to be a signature of increased or
stimulatory host immunity and might be
potentially linked to treatment benefit of the
long-term survival cohort in this study.

The observed safety profiles of axitinib plus
pembrolizumab-activated autologous DC-CIK cells
were as expected based on the known toxicity
profiles of these two agents. In general,
combination therapy was well tolerated by most
patients. The most frequently observed drug-
related AEs were diarrhoea, palmar-plantar
erythrodysesthesia, hypertension, and proteinuria.
The incidence of grade > 3 AEs was generally less
than 5%, with the exceptions of grade 3
hypertension and grade 3 palmar-plantar
erythrodysesthesia, which were observed in 11.6%
and 7.0% of patients, respectively. Other than
these targeted therapy-related AEs, chills and
fever were observed in this trial, which was
related to the infusion of the pembrolizumab-
activated DC-CIK cells. The overall incidence of
grade 3 or higher-grade AEs was lower in our
study (27.9%) than that in axitinib plus
pembrolizumab (62.9%) treatment.'® In addition,
in  patients treated with axitinib plus
pembrolizumab, AEs of any cause led to the
discontinuation of drugs in 41.2% of patients.'® In
contrast, no patient discontinued treatment
because of AEs in our study. This low frequency of
higher-grade AEs and immune-related serious AEs
in our treatment may result from the
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administration of autologous DC-CIK cells and the
low dose of pembrolizumab we used. These
findings demonstrate that the combination of
axitinib and pembrolizumab-activated DC-CIK cells
was safe and might be a potential treatment
option for patients with advanced RCC.

Our study had several limitations. First, this was
a single-arm study, and no control group was
designed to compare the efficacy of the
combination therapy. Thus, the results should
interpret carefully. Second, longer-term follow-up
evaluations should be used to assess overall
survival and response durability in remission.
Third, the specific cellular and molecular
mechanisms that mediate the effects of
combination  therapy with  axitinib  plus
pembrolizumab-activated DC-CIK cells are not
comprehensively understood, and more clinical
validation is required. As we could not obtain the
tumor biopsies of these patients, an additional
limitation is a lack tumor biopsy material to
further corroborate local infiltration events and
immune cell composition associated with
treatment benefit and with the identified
biomarkers. However, we will continue to follow
our patients to assess efficacy and safety.

CONCLUSIONS

This study demonstrated that the combination of
axitinib plus pembrolizumab-activated autologous
DC-CIK cells contributed to encouraging clinical
outcomes in patients with advanced RCC who
were treatment-naive or targeted agents-
pretreated. Although overall survival data are not
mature at this time, survival analyses will help to
elucidate the utility of this combination therapy
as a first- or second-line therapy for patient with
advanced RCC. This combination therapy was well
tolerated and manageable. Additionally, such
combination therapy led to superior antitumor
immunity, including increased lymphocyte
infiltration and cellular responses of CD8" T cells,
especially in patients who acquired long-term
survival benefit. An increased percentage of
peripheral CD8'TIM3" T cells and a lower serum-
level immunostimulatory cytokine profile were
identified as a potential resistance mechanism
to this combination therapy in patients with
minimal  survival benefit. A  prospective,
randomised trial will be carried out to validate
our study findings.
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METHODS

Study design and participants

This study was a single-arm, phase 2 study conducted at
Sun Yat-sen University Cancer Center, Guangzhou, China.
Subjects were patients with irresectable or metastatic RCC.
Eligible patients were 18 years of age or older with
histologically or cytologically confirmed metastatic RCC and
at least one measurable disease [according to Response
Evaluation Criteria in Solid Tumors version 1.1 (RECIST
v1.1)]. Patients included those who had not have received
any previous systemic anticancer therapy, or those who had
received one treatment with sorafenib, pazopanib,
sunitinib, or other VEGFR-targeting tyrosine kinase inhibitor
(other than axitinib) for advanced disease and had
radiographic progression. Other eligibility criteria included
an Eastern Cooperative Oncology Group performance status
of 0-2; a life expectancy of greater than 12 weeks;
adequate renal, hepatic and haematological organ
function; and no HIV infection or chronic active hepatitis.
We excluded patients with malignancies other than RCC;
brain metastasis; concomitant system corticosteroid therapy;
uncontrolled hypertension; myocardial infarction,
uncontrolled angina, congestive heart failure, or those who
had sustained a cerebrovascular accident within the
previous 12 months. We also excluded patients previously
treated with an immune checkpoint inhibitor.

The trial was approved by the institutional review board
or ethics committee of Sun Yat-sen University Cancer Center
(Approval No. B2017-027-01) and was registered at www.c
linicaltrials.gov. (NCT 02886897). All methods and
procedures associated with this study complied with Good
Clinical Practice guidelines, the Declaration of Helsinki, and
local laws. All patients provided written informed consent
before any trial procedure or receiving study treatment.

Treatments

The enrolled patients received axitinib and pembrolizumab-
activated autologous DC-CIK cell immunotherapy until
disease progression, development of intolerable toxicity, or
physician or patient decision to discontinue. Axitinib was
given orally at a starting dose of 5 mg twice daily. The dose
could be increased to 7 mg, then 10 mg, twice daily if there
were no adverse reactions above grade 2 of Common
Terminology Criteria for Adverse Events. The axitinib dose
could be reduced to 3 mg, then 2 mg, twice daily to manage
toxic side-effects. The pembrolizumab-activated autologous
DC-CIK cells were infused intravenously at the Biotherapy
Center of Sun Yat-sen University Cancer Center. In general,
patients received at least 4 cycles of cell infusion with a
1-week interval between each cycle. Then, another 4 cycles of
treatment would be given at 2-week intervals. Patients who
achieved good disease control were eligible for cell
maintenance treatment once every month. Patients received
a median of 1.2 x 10" (range, 0.8 x 10" to 1.5 x 109
pembrolizumab-activated autologous DC-CIK cells per cycle.
No patient who received pembrolizumab-activated DC-CIK
cell immunotherapy required dose modification. If one drug
was discontinued because of toxic effects, the other
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treatment could be continued. The design and procedures
used in the clinical trial are shown in Figure 1.

Efficacy and safety assessments

Patients were evaluated for tumor response and
progression according to RECIST v1.1*® using computed
tomography or magnetic resonance imaging every 8 weeks
during the first 6 months, and every 12 weeks after that.
The baseline tumor burden was assessed within 28 days
before the first treatment. Routine safety evaluations
primarily consisted of clinical and laboratory abnormalities.
AE severity was graded by the investigator using the
National Cancer Institute Common Terminology Criteria for
Adverse Events, version 4.0.

Generation of pembrolizumab-activated
autologous DC-CIK cells

There are two steps necessary to generate pembrolizumab-
activated autologous DC-CIK cells, as described in our
previous studies.3® Firstly, autologous DC-CIK cells were
generated according to our previous report.*® Briefly,
peripheral blood mononuclear cells were separated using
Ficoll-Hypaque density centrifugation, and cultured in X-
VIVO 15 medium (Lonza, Visp, Switzerland) for 1 h. The
suspended cells were then collected to induce CIK cells
using 1000 U mL~" recombinant human IFN-y (ShangClone,
Shanghai, China) for the first 24 h followed by stimulation
with 100 ng mL™" mouse anti-human CD3 monoclonal
antibody (R&D Systems, MN, USA), 1000 U mL~' IL-2
(Beijing Sihuan Pharm, Beijing, China), and 100 U mL~" IL-
1o (Life Technologies, CA, USA). The adherent cells were
cultured using DC medium (X-VIVO 15 medium,
supplemented with 1000 U mL~' GM-CSF and 30 ng mL™’
IL-4) to induce DCs. After matured with 10 ng mL~" of TNF-
o on the sixth day, DCs were mixed with the CIK cells at a
ratio of 1:20 and cultured in fresh medium containing
1000 U mL~" IL-2 for another 7 days to induce DC-CIK cells.
Secondly, on day 14, the DC-CIK cells were harvested and
analysed for number, viability, and phenotype. Before the
DC-CIK cells were transferred to patients, they were
incubated with pembrolizumab (1 pg 107 cell) for 30-
40 min at 37°C to induce pembrolizumab-activated DC-CIK
cells. All products were free of bacterial, mycoplasma, or
fungal contamination. The endotoxin was less than 5 EU.

Flow cytometry and protein microarray
analysis

Additional informed consent was obtained from patients to
collect peripheral blood samples for flow cytometry and
protein microarray analysis. For flow cytometry analysis,
blood samples were collected from 28 patients before
treatment and after 2 and 4 cycles of pembrolizumab-
activated DC-CIK cell infusion combination with axitinib. Red
Blood Cell Lysis Buffer (Sigma, Santa Clara, CA) was used to
remove red blood cells from fresh peripheral blood. Cells
were washed twice using PBS and stained with anti-human
CD3, CD4, CD8, CD56, CD62L, CD45RA, PD-1, TIM3, LAGS,
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CD40, OX40, CD25 or CD127 antibodies (BD, San Diego, CA,
USA). According to the manufacturer’s instructions, the anti-
human Ki67 antibody (BD) was used for intracellular staining
with a Fixation/Permeabilization Solution Kit (BD). Next, cells
were incubated in the dark for 15 min at 4°C, washed with
PBS, and measured by flow cytometry.

For protein microarray analysis, serum samples were
obtained from 11 patients before treatment and after 2
and 4 cycles of pembrolizumab-activated DC-CIK cell
infusion combination with axitinib. The total protein
concentration of the serum samples was determined using a
bicinchoninic acid assay kit (Biyuntian, Jiangsu, China).
According to the manufacturer’'s instructions, the
concentrations of multiple proteins, including human
inflammatory factors, growth factors, and chemokines in
the serum were measured using antibody microarrays
(RayBiotech, GA, USA). The detailed protocol used for the
antibody microarrays has been described elsewhere.*® Then,
we calculated the fold-change of each cytokine after
pembrolizumab-activated DC-CIK cell infusion combination
with axitinib treatment, compared to before treatment.

Statistical analyses

The primary endpoint was PFS, defined as the time from
initiation of treatment to either first documentation disease
progression or death due to any cause. Secondary endpoints
were OS and ORR. Previous experience with single-agent
axitinib as a first- or second-line treatment produced PFS
rates at 12 months of 40% and 25%, respectively.>® The
sample size calculation assumed a 20% improvement in PFS
at 12 months with a one-sided o-risk of 5% and a B-risk of
20%. PFS rates at 12 months were estimated to be 60 %
under a null hypothesis that PFS rates at 12 months < 40%
would have no interest. Under these assumptions, 35
patients were required to detect this significant difference.

Distributions of survival time and rate were estimated
using the Kaplan-Meier method; median PFS and 1-year PFS
rates along with 95% confidence intervals (Cl) were
reported. Descriptive statistics were used to summarise the
patient baseline characteristics, treatment-related AEs,
overall responses and pembrolizumab-activated DC-CIK cell
phenotypes. The differences of peripheral blood lymphocyte
immunophenotype before and after pembrolizumab-
activated DC-CIK cell infusion combined with axitinib
treatment were analysed by the Student's t-test as a post
hoc analysis. Based on the 12 months of PFS, we divided
patients into subgroups consisting of those who
demonstrated a long-term survival benefit (PFS > 12 months)
and those with a minimal survival benefit (PFS < 12 months).
The association between survival benefit and
immunophenotyping, or the cytokine level, was compared
using the Student’s t-test. In all cases, a difference of P-value
less than 0.05 using two-sided tests indicates statistical
significance. All calculations were conducted using SPSS
version 23 or GraphPad Prism 5 software.
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