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Simple Summary: Since there is no effective subsequent-line therapy for patients with cispla-
tin/gemcitabine-refractory advanced biliary tract cancer, there is an urgent need for new treatment
options. This phase 1 and 2a study is the first clinical trial reporting the safety and the efficacy of
allogeneic NK cells (“SMT-NK”) in combination with pembrolizumab in patients with chemother-
apy-refractory advanced biliary tract cancer. We found that the SMT-NK can be safely administered
with pembrolizumab to patients with the chemotherapy-refractory advanced biliary tract cancer,
and the combinational therapy of SMT-NK and pembrolizumab showed improved efficacy out-
come compared to recent trials using pembrolizumab alone. This study provides evidence for a new
possible treatment option for advanced biliary tract cancer patients.

Abstract: Background and Aim: This study investigated the administration of combination therapy,
allogeneic natural killer (NK) cells and pembrolizumab in the treatment of advanced biliary tract
cancer to determine the safety and tolerability (phase 1) and the efficacy and safety (phase 2a). Meth-
ods: Forty patients (phase 1, n = 6; phase 2a, n = 34) were enrolled between December 2019 and June
2021. The patients received highly activated allogeneic NK cells (“SMT-NK”) on weeks 1 and 2 and
pembrolizumab on week 1. This 3-week schedule (one cycle) was repeated until confirmed disease
progression, intolerable adverse events (AEs), patient withdrawal, or finishing the maximum treat-
ment schedule. The tumor response was evaluated after every three cycles. Results: In phase 1, four
patients (66.7%) experienced seven AEs, but no severe AE was observed. In phase 2a, 126 AEs oc-
curred in 29 patients (85.3%). Severe AEs (>grade 3) were reported in 16 patients (47.1%). The overall
response rate (ORR) was 17.4% in the full analysis set and 50.0% in the per-protocol set. Conclusions:
SMT-NKs plus pembrolizumab resulted in no severe AEs directly related to the drug combination.
The combination therapy also exerted antitumor activity with improved efficacy compared to the
recent monotherapy with pembrolizumab in patients with advanced biliary tract cancer.

Keywords: allogeneic natural killer cell therapy; pembrolizumab; immunotherapy; chemotherapy-
refractory advanced biliary tract cancer
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1. Introduction

Biliary tract cancers, including cholangiocarcinoma (cancers arising in the intrahe-
patic, perihilar, or extrahepatic bile duct) and gallbladder carcinoma, are some of the most
incurable cancers [1]. As biliary tract cancers are usually asymptomatic during the early
stages, more than 50% of patients with these cancers are diagnosed in the advanced stages
[2,3]. For the primary treatment of unresectable and metastatic biliary tract cancers, sys-
temic chemotherapy is the standard therapy, and cisplatin plus gemcitabine is the pre-
ferred regimen as the first-line chemotherapy [4,5]. However, the overall survival has been
reported to be less than 1 year. Furthermore, effective subsequent-line therapies for cis-
platin/gemcitabine-refractory patients are currently limited, resulting in a poor prognosis
for advanced biliary tract cancer patients [6-8]. Therefore, there is an urgent need to
broaden the treatment options.

Immunotherapy can be an option for treating advanced biliary tract cancers based
on the remarkable success of using immune checkpoint inhibitors (ICIs), including block-
ing antibodies against programmed cell death-1 (PD-1)/programmed cell death ligand-1
(PD-L1) and cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4), in treating patients
with several cancers [9-11]. Pembrolizumab, a PD-1 inhibitor, has replaced conventional
chemotherapy as the first-line treatment for patients with melanoma, non-small cell lung
cancer, and renal cell carcinoma [12-15]. Several clinical trials using the PD-1 inhibitors
pembrolizumab or nivolumab have also been conducted in patients with advanced biliary
tract cancers [16-19]. Durable responses and improved survival have been found in some
patients but only in the minority (objective response rate (ORR) 3%-13%). A very recent
study of pembrolizumab treatment alone had an ORR of 10%, with a median progression-
free survival (PFS) of 1.5 months [19]. These studies suggest that there is a need for com-
binational therapy that overcomes the limited efficacy of the monotherapies.

Natural killer (NK) cells are a major subset of innate lymphocytes and play an im-
portant role in protecting against viral infection or cancer cells [20,21]. NK cells recognize
and destroy cancer cells that lack major histocompatibility complex (MHC) class I, which
interfere with the cytolytic function of NK cells by ligation to killer cell immunoglobulin-
like receptors (KIRs) expressed on NK cells [22,23]. NK cells can be categorized into two
subsets based on the relative surface expression of CD56 and CD16: the cytolytic
CD564imCD16ros NK cell subset and the cytokine-producing CD56PrigtCD167e NK cell sub-
set [24,25]. Clinical trials have been performed using healthy donor-derived allogeneic
NK cells in various cancer patients [26,27], and the possibility of combinational therapy
with allogeneic NK cells and pembrolizumab is emerging [28]. In a previous study, we
reported that NK cells have a beneficial effect on controlling cholangiocarcinoma in mice
in vivo [29]. However, no studies have reported the efficacy of NK cell therapy in patients
with biliary tract cancer.

We designed a multicenter open-label phase 1/2a clinical trial to assess the safety and
efficacy of allogeneic NK cells (“SMT-NK”) in combination with pembrolizumab in pa-
tients with conventional chemotherapy-refractory biliary tract cancer.

2. Materials and Methods
2.1. Study Design and Participants

Patients aged >19 years with histologically confirmed unresectable advanced biliary
tract cancer who progressed after at least one regimen of chemotherapy or were unable to
proceed with chemotherapy due to significant side effects were enrolled in this study at
two individual health centers: Yonsei University Severance Hospital (Seoul, Korea) and
Gangnam Severance Hospital (Seoul, Korea). Additionally eligible for enrollment were
patients with a combined positive score (CPS) for the tumor >1%, positively determined
microsatellite instability-high (MSI-H), or deficient mismatch repair (AMMR). The CPS
was calculated by dividing the number of PD-L1-positive tumor cells, lymphocytes, and
macrophages by the total number of viable tumor cells and multiplying by 100. The MSI-
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H was determined by polymerase chain reaction (PCR) and considered positive when two
or more unstable markers were found among five microsatellite markers. The dIMMR was
analyzed by immunohistochemical staining and considered positive when one or more
genes were lost when staining for MLH1, MSH2, MSH6, and PMS2. Patients were ineligi-
ble if they had a history of any immunodeficiency disease, immunotherapy, or other site
tumors within 5 years before enrollment in this study. A full list of the inclusion and ex-
clusion criteria is presented in Table S1.

The primary objectives of the phase 1 trial were to determine the safety, including
adverse events (AEs), adverse drug reactions (ADRs), laboratory tests, vital signs, and
Eastern Cooperative Oncology Group (ECOG) performance status, and the tolerability by
dose-limiting toxicity (DLT) of the combination of allogeneic NK cells and pembroli-
zumab. The primary objective of the phase 2a trial was the ORR (complete response (CR)
and partial response (PR)) at the end of the study protocol. The secondary objectives were
the disease control rate (DCR), time to progression (TTP), PFS, and DLT at the end of the
study protocol. The severity of the AEs and ADRs were classified using common termi-
nology criteria for adverse events (CTCAE, version 5.0). The DLT was evaluated based on
National Cancer Institute-common toxicity criteria (NCI-CTC) version 4.03.

All patients provided written informed consent. This study was conducted in accord-
ance with the Declaration of Helsinki (1996) and approved by the institutional review
boards of all the participating institutions.

This study is registered with ClinicalTrials.gov (number NCT03937895).

2.2. Study Protocol

During the 3-week treatment schedule, which defined one cycle, patients intrave-
nously received highly activated allogeneic NK cells (“SMT-NK”, 3 x 106 NK cells per kg)
on weeks 1 and 2 and received pembrolizumab (Keytruda®) 200 mg prior to NK cell in-
jection on week 1 (Figure S1). On week 3, patients took a rest without treatment. The treat-
ment cycle was repeated until the end of the trial, with a total of 3 and 9 cycles in phases
1 and 2a, respectively. Finishing all of the phase 1 schedule, the patients with a stable
disease (SD) or higher efficacy status and without DLT were enrolled in the phase 2a trial
and continued the treatment schedule. The efficacy of the treatment was monitored by
computed tomography (CT) after every three cycles, which was compared to the baseline
values based on the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1.
Patients interpreted as having a progressive disease (PD) in the efficacy evaluation did
not continue with further cycles in the trial, and if they were interpreted as having SD, PR,
or CR, they proceeded up to 9 cycles, and up to three efficacy evaluations were conducted.

2.3. Preparation and Ex Vivo Expansion of Allogeneic NK Cells

At least 2 weeks before each injection of SMT-NKs, 60-80 mL of whole blood was
harvested from a healthy donor who did not meet any exclusion criteria (Table S2). We
isolated peripheral blood mononuclear cells (PBMCs) from the whole blood and depleted
CD3* T cells using MACSxpress (Miltenyi Biotec, Bergisch Gladbach, Germany). The T-
cell-depleted PBMCs were then washed two times with Dulbecco’s phosphate-buffered
saline (DPBS) and cultured in a T75 flask containing 20 mL of NK expansion medium
(ALyS505NK-IL2 1000 IU/mL, Cell Science & Technology Institute, Sendai, Japan). The IL-
2-activated NK cells were fed fresh medium every 3 days and transferred to a T175 flask
after 5-7 days of culture. The NK cell expansion was continued for another 7-14 days by
adding fresh medium until a desired cell number was reached. The viability and number
of expanded NK cells was measured by a trypan blue counting method with an automatic
cell counter.
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2.4. Characterization of NK Cells

To analyze the NK cell population, the obtained PBMCs were stained with PerCP-
CyTMS5.5-conjugated anti-human CD56 and FITC-conjugated anti-human CD3 antibodies
(BD Biosciences, San Jose, CA, USA). The cells were washed twice with phosphate-buffered
saline (PBS) and resuspended in FACS-staining buffer (PBS with 0.5% bovine serum albu-
min). The cells were then stained with the appropriate antibodies at 4 °C for 30 min. After
washing with PBS three times, the cells were analyzed with a flow cytometer (CytoFLEX).

The cytolytic NK cell activity was measured using Cell Counting Kit-8 (CCK-§;
Dojindo Molecular Technologies, Rockville, MD, USA). K562 human leukemia cells were
included as positive target cells to compare the cytolytic activity of the NK cells against
HuCCT-1 human cholangiocarcinoma cells in the cytotoxicity assay. K562 cells and
HuCCT-1 cells were cocultured with the isolated NK cells (T-cell-depleted PBMCs as de-
scribed above) at an effector-to-target cell ratio of 5:1 in 96-well plates. After 24 h, the
viability of the target cells was measured by CCKS8 following the manufacturer’s instruc-
tions. Absorbance was measured at 450 nm using a microplate reader.

The interferon-y (IFN-y) concentration was measured in the culture supernatants of
isolated NK cells using the human IFN-y Pre-Coated ELISA kit (BioGems, Westlake Vil-
lage, CA, USA) in accordance with the manufacturer’s protocol. The absorbance at 450 nm
was measured in each well using a microplate reader (ELx808).

2.5. Statistical Analysis

The data were analyzed as a full analysis set, per-protocol set, and safety set accord-
ing for the clinical trial protocol. For the safety evaluations in phases 1 and 2a, the safety
set was used. For the efficacy evaluation in phase 2a, the full analysis set was used as the
main analysis group and the per-protocol set as the auxiliary.

The ORR was defined as the ratio of patients whose tumor evaluation was PR or CR. The
radiological responses were categorized per RECIST version 1.1 and the best response re-
ported. The number and ratio of patients for the primary efficacy rate (i.e., ORR) were pre-
sented, with a 95% confidence interval (CI) for the ratio. For TTP, the survival function was
estimated and presented by the Kaplan-Meier method. The TTP was defined as the time from
first pembrolizumab administration to the time at which the disease was confirmed as pro-
gressive or the last observation time. Patients who did not progress at the time of completion
of the clinical trial or were lost to follow-up due to dropout (including those who died before
disease progression) were censored at the time of the last tumor evaluation date.

Toxicity was evaluated as the occurrence of AEs corresponding to the DLT. The PFS and
overall survival period (OS) were also considered as exploratory efficacy evaluation variables.
For each variable, the survival function was estimated by the Kaplan-Meier method, and the
median value of each variable with the 95% CI for both sides was presented.

In this clinical trial, unless otherwise specified, the significance level was 5% on both
sides, or a 95% CI was presented. All statistical analyses were performed using well-
known and validated statistical software SAS (Ver. 9.4; SAS Institute, Cary, NC, USA).

3. Results
3.1. Patient Characteristics

Between December 2019 and June 2021, 56 patients were screened for enrollment (11 for
the phase 1 trial and 45 for the phase 2a trial). Six eligible patients were enrolled in the phase
1 trial, and five of them completed the study. One of these patients had a stable response to
the treatment and proceeded into the phase 2a trial. Thirty-four eligible patients plus one pa-
tient from the phase 1a trial were enrolled in the phase 2a trial (Figure 1). Among the patients
in the phase 2a trial, the patients who received SMT-NKs and pembrolizumab at least once
were defined as the safety set (N =34). Among the patients who received SMT-NKs and pem-
brolizumab at least once, the patients for whom we could obtain data on the efficacy evalua-
tion were defined as the full analysis set (N = 23), and the patients who completed the study
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protocol were defined as the per-protocol set (N = 8). The patient demographics and baseline
characteristics are presented in Table S3. All enrolled patients had previously received chem-
otherapy, and most of the chemotherapy regimens were gemcitabine-based (85.5% and 100%
for the phase 1 trial and phase 2a trial, respectively).

11 Patients
Screened 5 Patients
Screening Failures
By inclusion/exclusion criteria = 4,
6 Patients serious AE (liver abscess) = 1
Enrolled
6 Patients
Patients received at least
once SMT-NK injection +
Pembrolizumab

|
l |

. 1 Patient
P n
go;g:at:j Withdrawn
By SAE (Blood bilirubin increased)
45 Patients
Screened 11 Patients
1 Patients Screening Failures
Enrolled from Phase 1° By inclusion/exclusion criteria = 9,
" subject request = 2
35 Patients
Enrolled 1 Patient
Discontinued
By underlying disease (hypoNa*)
34 Patients
Patients received at least
once SMT-NK injection +
Pembrolizumab

I

21 Patients 13 Patient
Completed Withdrawn
I
Disease progression = 5, AE/SAE = 3,
inclusion/exclusion criteria = 2, death = 1,
subject request = 1, underlying disease
(gastrointestinal ulcer perforation) = 1

Figure 1. Trial profile. A, phase [; B, phase Ila. * One patient showed a stable disease after completion
of the phase 1 trial and enrolled in the phase 2a trial. AE, adverse event; SAE, serious adverse event.

3.2. Tumor Response

The ORR (CR and PR) at the end of the study protocol was 17.4% (95% ClI, 5.0-38.8%)
in the full analysis set and 50.0% (95% CI, 15.7-84.3%) in the per-protocol set. The DCR
(CR, PR, and SD) at the end of the study protocol was 30.4% (95% CI, 13.9-54.9%) in the
full analysis set and 62.5% (95% CI, 24.5-91.5%) in the per-protocol set (Table 1). There
was no significant difference in the ORR according to the CPS (Table S4). When consider-
ing the best responses of each patient, the DCR was up to 73.9%, and the maximal change
in the targeted lesions from the baseline was -82.3% to 169% (Figure 2). Importantly, two
patients demonstrated the sustained objective regression of their main targeted lesions, as
assessed by RECIST. Patient E0107, a 40-year-old female diagnosed with gallbladder can-
cer with peritoneal carcinomatosis after undergoing cholecystectomy due to cholecystitis,
had previously received chemotherapies including gemcitabine, cisplatin, 5-fluorouracil
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(5-FU), onivyde® (irinotecan liposome), and leucovorin. After treatment with SMT-NKs
and pembrolizumab as described above, she experienced an 82.3% reduction in the meta-
static lymph nodes (Figure 3A-D) and remained progression-free 18 months after the in-
itial treatment. Patient E0217, a 76-year-old female diagnosed with extrahepatic cholangi-
ocarcinoma, underwent surgery for the segmental resection of the common bile duct and
cholecystectomy. Four months later, several hepatic metastases were found, and she re-
ceived systemic chemotherapy with gemcitabine and cisplatin. The multiple hepatic le-
sions then progressed. After the SMT-NK and pembrolizumab treatment as described
above, she experienced a 70.4% reduction in the hepatic metastasis lesions (Figure 3E-H)
and remained free from progression 12 months after the initial treatment. At the time of
analysis, the median PFS was 4.1 months (95% CI, 1.8-5.9 months) in the full analysis set
(Figure 4). As the progression rate was less than 50%, the median PFS in the per-protocol
set could not be calculated. We found no significant difference in the PFS according to the
CPS (Table S5). The mortality rate was less than 50% in both sets, so the median overall
survival could not be estimated in any set.

Table 1. Objective response rate and disease control rate.

Full Analysis Set (N=23) Per-Protocol Set (N = 8)

Tumor response

CR 0(0.0) 0(0.0)

PR 4(17.4) 4 (50.0)

SD 3(13.0) 1(12.5)

PD 16 (69.6) 3(37.5)

Objective response rate 2 4(17.4) 4 (50.0)
(95% CI) (5.0-38.8%) (15.7-84.3%)

Disease control rate b 7 (30.4) 5(62.5)
(95% CI) (13.9-54.9%) (24.5-91.5%)

2CR+ PR and PCR + PR + SD. CR, complete response; PR, partial response; SD, stable disease; PD,
progressive disease; CI, confidence interval. Data are presented as 1 (%) unless otherwise noted.

100 = — 1 CPS <5%
t =3 CPS 5-29%

L B CPS >30%
§ Bl PMS2 Loss
w
_5 50 4

W
9
e I
5 ]
= 0

[1h]

o

| =
8 30 -

[§]
g -50 7
A
o
=

-100 -

Figure 2. Best changes in the sizes of the target lesions from the baseline for 23 patients in the phase
2a trial. The change in target lesions was calculated as the ratio to the baseline diameters measured
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in computed tomography (CT) images. The yellow bars indicate patients with a combined positive
score (CPS) <5%, orange bars CPS 5-29%, and red bars CPS > 30%. The purple bar indicates a patient
who lost PMS2. The arrow indicates that the patient had a 169% increase in the size of the target
lesion according to Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1, and of the
scale for the figure is inaccurate. The upper red dashed line indicates a 20% increase in the size of
the target lesion from the baseline, and the lower red dashed line indicates a 30% decrease in the
size of the target lesion from the baseline.

ycles

- ; .

e

e e A\fter 6 cycles

Figure 3. Cancer regression in two patients. CT images of the main tumor lesions at the baseline in
each response evaluation. (A-D) Left infrarenal lymph node in patient E0107. (E-H) The main
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hepatic metastasis lesion in patient E0217. Yellow arrows indicate the target lesions. Response eval-
uations were performed after every three cycles.

A

j—y

(=]

L=}
]

Median PFS: 4.1 months
[95% CI: 1.8 = 5.9]

o
(=]
|

=}]
L=
1

FY
L=
L

Progression free survival (%)
(]
(=]
|

0 T T I I T T 1
0 1 2 3 4 5 6 7

Time after 15 SMT-NK/Pembrolizumab administration (months)

B
x| - 9 1D [ CPS <5%
* | @) @) : = CPS 5-20%
:I = - Bl CPS =30%
*# BN PMS2 Loss
% | [§] *
* I —— d Y Partial response
* O S = » O Stable disease
. — @ Progressive disease
) @) P
: — "y # Dropout
ﬁ [ ’
y———————+
@) b 4
%
| —
| —
| —
| —
| —
| —
T T T T T T
0 1 2 3 4 5 6

Time after 15 SMT-NK/Pembrolizumab administration (months)

Figure 4. Progression-free survival and time to progression for each patient. (A) Kaplan-Meier esti-
mates of the progression-free survival in the full analysis set. (B) Time to progression. The yellow
bars indicate patients with a combined positive score (CPS) < 5%, orange bars CPS 5-29%, and red
bars CPS >30%. The purple bar indicates a patient who lost PMS2. * The patient completed 27 cycles
of treatment.

3.3. Safety and Tolerability

Safety and tolerability were assessed in the 6 patients in phase 1 and 34 patients in
phase 2a who received at least one dose of SMT-NKs and pembrolizumab from the day
of the first administration to 12 weeks after the last administration of the clinical trial
drugs. In the phase 1 trial, four patients (66.7%; 95% ClI, 22.3-95.7%) experienced seven
AEs (four grade 1 and three grade 3 events; Table 2). Three severe AEs (grade 3) occurred
in one patient (16.7%; 95% CI, 0.4-64.1%), which was definitely not related to the admin-
istration of clinical trial drugs; however, due to the AEs, the further administration of
SMT-NKs and pembrolizumab was postponed and discontinued. No DLT was reported.
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Table 2. Summary of the adverse events and adverse drug reactions.

Phase 1 (N =6) Phase 2a (N = 34)
Patients with any AE 4 (66.7) (22.3-95.7%) 29 (85.3) (68.9-95.1%)
Number of events 7 126
Patient characteristics
Patients with serious AE 1(16.7) (0.4-64.1%) 16 (47.1) (29.8-64.9%)
Patients with ADR 2 (33.3) (4.3-77.7%) 7 (20.6) (8.7-37.9%)
Patients with serious ADR 0(0.0) 1(2.9) (0.1-15.3%)
Patients with unexpected ADR 0(0.0) 0(0.0)
Grade
Grade 1/mild AE 4 (66.7) 23 (67.6)
Grade 2/moderate AE 0 (0.0) 18 (52.9)
Grade 3/severe AE 1(16.7) 13 (38.2)
Grade 4/life-threatening or disabling AE 0 (0.0) 0 (0.0)
Grade 5/death related to AE 0 (0.0) 2(5.9)
Outcome
Recovered 3 (50.0) 24 (70.6)
Recovered with sequelae 0 (0.0) 2(5.9)
Recovering 0 (0.0) 7 (20.6)
Not yet recovered 2(33.3) 14 (41.2)
Lost to follow-up 0 (0.0) 0 (0.0)
Death 1(16.7) 3 (8.8)
Action taken with NP
Dose not changed 4 (66.7) 25 (73.5)
Dose delayed 1(16.7) 5 (5.9)
IP withdrawn 1(16.7) 12 (35.3)

AE, adverse event; ADR, adverse drug reaction; NP, injection of SMT-NKs and pembrolizumab.
Data are presented as 1 (%) with or without a 95% confidence interval.

In the phase 2a trial, 126 AEs occurred in 29 patients (85.3%; 95% CI, 68.9-95.1%). The
most frequent events were grades 1 or 2 and consisted of pruritus (14.7%), abdominal pain
(11.8%), fever (17.6%), general weakness (14.7%), and limb edema (8.8%; Table S6). Grades
3-5 AEs were reported in 16 patients (47.1%; 95% CI, 29.8-64.9%). Two patients (5.9%)
decided to delay any further treatment cycles, and 12 patients (35.3%) decided to discon-
tinue any further treatment cycles. Two patients experienced grade 5 AEs. Patient E0110
experienced grade 5 jaundice, which was not related to the clinical trial drugs, and dis-
continued any further cycles due to AE-related death. Patient E0215 was diagnosed with
newly developed cholangiocarcinoma during the trial and decided to stop any further
administration of the clinical trial drugs. No DLT was reported.

3.4. Biomarkers

To determine whether the patients’ tumor response depended on the characteristics
of the NK cells, we performed a flow cytometric analysis using isolated NK cells from
donor PBMCs. We analyzed the frequency of CD56* cells among CD3- cells and PD-1-
positive cells and CD107a-positive cells among NK cells. We found no significant differ-
ence between the patient groups (Figure S2A). We also evaluated the function of NK cells.
We measured the IFN-y concentration using the culture supernatants of isolated NK cells
and assessed the NK cell cytotoxicity against K562 cells and HuCCT-1 cells. We found no
significant difference in the function of NK cells between patient groups (Figure S2A). We
also analyzed the characteristics and function of the NK cells from the patients and found
that the expression of PD-1 on NK cells was upregulated in patients with PD compared to
the other outcomes (Figure S2B), suggesting that allogeneic NK cell therapy would be
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more beneficial to the patients whose peripheral NK cells have a weaker antitumor func-
tion [30,31]. No significant functional differences in the NK cells were found.

4. Discussion

To the best of our knowledge, this SMT-NK and pembrolizumab combination study
is the first phases 1 and 2a trial to demonstrate the safety, tolerability, and efficacy of al-
logeneic NK cells in patients with chemotherapy-refractory biliary tract cancer. Notably,
the administration of allogeneic NK cells in combination with pembrolizumab did not
cause more AEs than pembrolizumab monotherapy, as previously reported in advanced
biliary tract cancers [18,19,32]. Two patients experienced grade 5 AEs in this study (5.9%),
but they were not related to the drugs. Furthermore, no DLT was reported. More im-
portantly, the administration of SMT-NKs with pembrolizumab resulted in an increased
ORR compared to previous clinical trials using pembrolizumab in patients with chemo-
therapy-refractory advanced biliary tract cancers [19,32]. Taken together, the results of
this clinical trial provide evidence for future large, randomized trials comparing alloge-
neic NK cells and pembrolizumab to conventional chemotherapies for the treatment of
chemotherapy-refractory advanced biliary tract cancer.

The administration of SMT-NKs in combination with pembrolizumab had a modest
safety profile and was well-tolerated in this study. Four patients in the phase 1 trial and
twenty-nine patients in the phase 2a trial suffered from an AE, and the most frequent
events were consistent with previous studies of pembrolizumab monotherapy
[16,17,19,32]. One patient in the phase 1 trial and twelve patients in the phase 2a trial dis-
continued the trial due to serious AEs (grades 3-5). The most common serious AEs were
hematological toxicities and hepatobiliary toxicities. Despite the use of allogeneic NK cells
derived from healthy donors, no serious graft-versus-host disease (GVHD) was reported,
indicating that SMT-NKSs did not induce any non-specific cytotoxicity against host tissues.

In this clinical trial, the ORR and DCR in the full analysis set were 17.4% (95% CI,
5.0-38.8%) and 30.4% (95% CI, 13.9-54.9%), respectively. When analyzing only patients
who completed 27 cycles of the treatment, the ORR and DCR increased to 50.0% (95% CI,
15.7-84.3%) and 62.5% (95% CI, 24.5-91.5%), respectively. The median PFS in the full anal-
ysis set was 4.1 months (95% CI, 1.8-5.9 months). Considering that the enrolled patients
in this clinical trial were resistant to prior conventional chemotherapies based on gemcita-
bine, these efficacy outcomes can be evaluated as very effective. Currently, 5-FU and ox-
aliplatin (FOLFOX), 5-FU and irinotecan (FOLFIRI), or regorafenib are preferred as sec-
ond-line chemotherapy in advanced biliary tract cancers, but the ORR has not exceeded
11%, and the PFS has been reported to be less than 4 months [5,7,33-35]. To overcome this
limitation of the current conventional chemotherapies, several clinical trials using pem-
brolizumab as a second-line or greater treatment have been conducted in patients with
advanced biliary tract cancer. A recent Korean study of 40 advanced biliary tract cancer
patients using pembrolizumab reported an ORR of 10% and median PFS of 1.5 months
(95% CI, 0-3.0 months) [19]. The KEYNOTE-028 study of 24 patients reported an ORR of
13% (95% ClI, 2.8-33.6%) and median PFS of 1.8 months (95% CI, 1.4-3.1 months). The
KEYNOTE-158 of 104 patients reported an ORR of 5.8% (95% CI, 2.1-12.1%) and median
PFS of 2.0 months (95% CI, 1.9-2.1 months) [32]. Comparing the clinical outcomes of pre-
vious clinical trials with our results, the administration of SMT-NK with pembrolizumab
would be beneficial in patients with chemotherapy-refractory advanced biliary tract can-
cer. Further randomized clinical trials are required to compare the effects of the SMT-NKs
and pembrolizumab to the current second-line conventional chemotherapies.

Given the heterogeneous nature and prognosis of biliary tract cancer, the small num-
ber of enrolled patients is a possible limitation of this study. Forty patients were sufficient
to evaluate the safety, tolerability, and efficacy as initially planned, but it was insufficient
to analyze the tumor locations. In addition, the median follow-up of 2.1 months (95% CI,
1.9-4.2 months) was not long enough to estimate the OS. Furthermore, as this study was
a single-arm study, it was not possible to compare the effects of combinational therapy
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with SMT-NKs and pembrolizumab to SMT-NK monotherapy or pembrolizumab mono-
therapy. Therefore, this study was limited to determining whether the administration of
SMT-NKs and pembrolizumab induced a synergistic effect or an additive effect. Consid-
ering that PD-1, which was originally described on T lymphocytes, is also expressed on
NK cells [36-38], it is thought that the administration of SMT-NKs in combination with
pembrolizumab can induce a synergistic effect on each other. Further clinical trials in ad-
ditional patients are being planned to compare the effects of combinational therapy with
SMT-NKs and pembrolizumab to pembrolizumab monotherapy.

5. Conclusions

In conclusion, to the best of our knowledge, this was the first clinical trial to report
the safety and efficacy of allogeneic NK cells in combination with pembrolizumab in pa-
tients with advanced biliary tract cancer. We found that the SMT-NKs can be safely ad-
ministered with pembrolizumab to patients with chemotherapy-refractory advanced bil-
iary tract cancer, and the combinational therapy resulted in a higher response rate and
longer PES than previously reported for pembrolizumab monotherapy [18,19,32]. How-
ever, since this study was a nonrandomized, single-arm study, further large randomized
phase 2/3 trials are recommended to confirm the effects of SMT-NKs in combination with
pembrolizumab and to elucidate the role of SMT-NKs and pembrolizumab in the treat-
ment of advanced biliary tract cancer.

Supplementary Materials: The following supporting information can be downloaded at
https://www.mdpi.com/article/10.3390/cancers14174229/s1. Figure S1: Study protocol for the phase
1 (A) and phase 2a (B) trials. Figure S2: The characteristics and functional activities of NK cells from
donors (A) and recipients (B). Table S1. Inclusion and exclusion criteria for patient enrollment. Table
S2. Inclusion and exclusion criteria for healthy NK cell donor. Table S3. Demographics and baseline
characteristics of enrolled patients. Table S4. Objective Response Rate (ORR) by Combined Positive
Score in Phase 2a. Table S5. Progression free survival (PFS) by Combined Positive Score in Phase 2a.
Table S6. Adverse events by system organ class.

Author Contributions: Conception and design: G.L., S-L]., ].-H.C,, Y.-Y.C,, ].-M.I. and S.W.P,; Fi-
nancial support: Y.-Y.C. and S.W.P.; Administrative support: Y.-Y.C,, I.-H]J.,, ].-M.I, D.-K.Y., H.-
C.C,J-EK, K-P.L, J-H.C. and S.W.P.; Patient enrollment and management: S.-L]., ].-H.C,, J H.J.,
HS.L,MJ.C,].Y.P, S.B. and S.W.P.; Provision of the study materials: I.-H.J., D.-K.Y., J.-EK. and Y .-
Y.C.; Collection and assembly of data: G.L.,S.-L].,J.-H.C,, J.H.]., HS.L, M.].C,, ].Y.P.,, S.B. and S.W.P.
and Data analysis and interpretation: G.L., S.-L]., Y.-Y.C,, L-H.J,, ].-M.I,, ].-H.C. and S.W.P. All au-
thors have read and agreed to the published version of the manuscript.

Funding; This study was supported by the Research and Development Project for Health and Medical
Technology HI18C2044, which is funded by the Ministry of Health and Welfare and SMTbio Co.

Institutional Review Board Statement: This study was approved by the Institutional Review Board
of the Yonsei University Medical Center (number 4-2019-0646), and all patients gave their written
informed consent.

Informed Consent Statement: This manuscript contains only clinical information about partici-
pants’ data, and all participants gave their written informed consent.

Data Availability Statement: All data obtained and analyzed for this clinical study are available
from the corresponding author (S.W.P.) upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

Trial Registration: ClinicalTrials.gov identifier: NCT03937895.

1. Siegel, R.L.; Miller, K.D.; Fuchs, H.E.; Jemal, A. Cancer Statistics, 2021. CA Cancer J. Clin. 2021, 71, 7-33.
2. Banales, ].M.; Marin, J.].G.; Lamarca, A.; Rodrigues, P.M.; Khan, S.A.; Roberts, L.R.; Cardinale, V.; Carpino, G.; Andersen, ].B.;
et al. Cholangiocarcinoma 2020: The next horizon in mechanisms and management. Nat. Rev. Gastroenterol. Hepatol. 2020, 17,

557-588.



Cancers 2022, 14, 4229 12 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Valle, ] W.; Kelley, R.K.; Nervi, B.; Oh, D.-Y.; Zhu, A.X. Biliary tract cancer. Lancet 2021, 397, 428-444.

Valle, J.; Wasan, H.; Palmer, D.H.; Cunningham, D.; Anthoney, A.; Maraveyas, A.; Madhusudan, S.; Iveson, T.; Hughes, S.;
Pereira, S.P.; et al. Cisplatin plus Gemcitabine versus Gemcitabine for Biliary Tract Cancer. N. Engl. J. Med. 2010, 362, 1273-1281.
National Comprehensive Cancer Network. Hepatobiliary Cancers (Version 5.2021). 2021. Available online:
https://www .nccn.org/professionals/physician_gls/pdf/hepatobiliary.pdf (accessed on 21 September 2021).

Alabraba, E.; Joshi, H.; Bird, N.; Griffin, R.; Sturgess, R.; Stern, N.; Sieberhagen, C.; Cross, T.; Camenzuli, A.; Davis, R;; et al.
Increased multimodality treatment options has improved survival for Hepatocellular carcinoma but poor survival for biliary
tract cancers remains unchanged. Eur. J. Surg. Oncol. 2019, 45, 1660-1667.

Lamarca, A.; Hubner, R.A; David Ryder, W.; Valle, ].W. Second-line chemotherapy in advanced biliary cancer: A systematic
review. Ann. Oncol. 2014, 25, 2328-2338.

Malka, D.; Cervera, P.; Foulon, S.; Trarbach, T.; de la Fouchardiére, C.; Boucher, E.; Fartoux, L.; Faivre, S.; Blang, J.; Viret, F.; et
al. Gemcitabine and oxaliplatin with or without cetuximab in advanced biliary-tract cancer (BINGO): A randomised, open-
label, non-comparative phase 2 trial. Lancet Oncol. 2014, 15, 819-828.

Hodji, F.S.; O'Day, S.J.; McDermott, D.F.; Weber, R.W.; Sosman, ].A.; Haanen, ].B.; Gonzalez, R.; Robert, C.; Schadendorf, D.; Hassel,
J.C,; et al. Improved Survival with Ipilimumab in Patients with Metastatic Melanoma. N. Engl. ]. Med. 2010, 363, 711-723.
Brahmer, J.R.; Tykodi, S.S.; Chow, L.Q.M.; Hwu, W.-].; Topalian, S.L.; Hwu, P.; Drake, C.G.; Camacho, L.H.; Kauh, J.; Odunsi,
K.; et al. Safety and Activity of Anti-PD-L1 Antibody in Patients with Advanced Cancer. N. Engl. ]. Med. 2012, 366, 2455-2465.
Motzer, RJ.; Rini, B.I,; McDermott, D.F.; Redman, B.G.; Kuzel, T.M.; Harrison, M.R.; Vaishampayan, U.N.; Drabkin, H.A,;
George, S.; Logan, T.F.; et al. Nivolumab for Metastatic Renal Cell Carcinoma: Results of a Randomized Phase II Trial. J. Clin.
Oncol. 2015, 33, 1430-1437.

National Comprehensive Cancer Network. Non-Small Cell Lung Cancer (Version 7.2021). 2021. Available online:
https://www.nccn.org/professionals/physician_gls/pdf/nscl.pdf (accessed on 9 November 2021).

National Comprehensive Cancer Network. Melanoma: Cutaneous (Version 2.2021). 2021. Available online:
https://www.ncen.org/professionals/physician_gls/pdf/cutaneous_melanoma.pdf (accessed on 19 February 2021).

National ~Comprehensive Cancer Network. Melanoma: Uveal (Version 2.2021). 2021. Available online:
https://www.nccn.org/professionals/physician_gls/pdf/uveal.pdf (accessed on 25 June 2021).

National Comprehensive Cancer Network. Kidney Cancer (Version 2.2022). 2021. Available online: https://www.nccn.org/pro-
fessionals/physician_gls/pdf/kidney.pdf (accessed on 8 September 2021).

Ueno, M.; Chung, H.C; Nagrial, A.; Marabelle, A.; Kelley, R.K.; Xu, L.; Mahoney, J.; Pruitt, S.K.; Oh, D.-Y. Pembrolizumab for
advanced biliary adenocarcinoma: Results from the multicohort, phase Il KEYNOTE-158 study. Ann. Oncol. 2018, 29, viii210.
Bang, Y.-J.; Ueno, M.; Malka, D.; Chung, H.C.; Nagrial, A.; Kelley, R.K; Piha-Paul, S.A.; Ros, W.; Italiano, A.; Nakagawa, K; et
al. Pembrolizumab (pembro) for advanced biliary adenocarcinoma: Results from the KEYNOTE-028 (KN028) and KEYNOTE-
158 (KN158) basket studies. J. Clin. Oncol. 2019, 37 (Suppl. S15), 4079.

Ueno, M.; Ikeda, M.; Morizane, C.; Kobayashi, S.; Ohno, I.; Kondo, S.; Okano, N.; Kimura, K.; Asada, S.; Namba, Y.; et al.
Nivolumab alone or in combination with cisplatin plus gemcitabine in Japanese patients with unresectable or recurrent biliary
tract cancer: A non-randomised, multicentre, open-label, phase 1 study. Lancet Gastroenterol. Hepatol. 2019, 4, 611-621.

Kang, J.; Jeong, ] H.; Hwang, H.S.; Lee, S.S.; Park, D.H.; Oh, D.W,; Song, T.J.; Kim, Ki.; Hwang, S.; Hwang, D.W. Efficacy and
Safety of Pembrolizumab in Patients with Refractory Advanced Biliary Tract Cancer: Tumor Proportion Score as a Potential
Biomarker for Response. Cancer Res. Treat. 2020, 52, 594-603.

Vivier, E.; Tomasello, E.; Baratin, M.; Walzer, T.; Ugolini, S. Functions of natural killer cells. Nat Immunol. 2008, 9, 503-510.
Abel, AM.; Yang, C.; Thakar, M.S.; Malarkannan, S. Natural Killer Cells: Development, Maturation, and Clinical Utilization.
Front. Immunol. 2018, 9, 1869.

Purdy, A.K.; Campbell, K.S. Natural killer cells and cancer: Regulation by the killer cell Ig-like receptors (KIR). Cancer Biol. Ther.
2009, 8, 2211-2220.

Long, E.O.; Kim, H.S,; Liu, D.; Peterson, M.E.; Rajagopalan, S. Controlling natural killer cell responses: Integration of signals for
activation and inhibition. Annu. Rev. Immunol. 2013, 31, 227-258.

Amand, M.; Iserentant, G.; Poli, A.; Sleiman, M.; Fievez, V.; Sanchez, I.P.; Sauvageot, N.; Michel, T.; Aouali, N.; Janji, B.; et al.
Human CD56(dim)CD16(dim) Cells as an Individualized Natural Killer Cell Subset. Front. Immunol. 2017, 8, 699.

Leem, G.; Cheon, S.; Lee, H.; Choi, S.J; Jeong, S.; Kim, E.S; Jeong, HW.; Jeong, H.; Park, S.; Kim, Y.; et al. Abnormality in the
NK-cell population is prolonged in severe COVID-19 patients. ]. Allergy Clin. Immunol. 2021, 148, 996-1006.e18.

Ruggeri, L.; Capanni, M.; Urbani, E.; Perruccio, K.; Shlomchik, W.D.; Tosti, A.; Posati, S.; Rogaia, D.; Frassoni, F.; Aversa, F.; et al.
Effectiveness of Donor Natural Killer Cell Alloreactivity in Mismatched Hematopoietic Transplants. Science 2002, 295, 2097-2100.
Yang, Y.; Lim, O.; Kim, T.M.; Ahn, Y.O.; Choi, H.; Chung, H.; Min, B.; Her, ].H.; Cho, S.Y.; Keam, B.; et al. Phase I Study of
Random Healthy Donor-Derived Allogeneic Natural Killer Cell Therapy in Patients with Malignant Lymphoma or Advanced
Solid Tumors. Cancer Immunol. Res. 2016, 4, 215-224.

Lin, M.; Luo, H.; Liang, S.; Chen, J.; Liu, A.; Niu, L.; Jiang, Y. Pembrolizumab plus allogeneic NK cells in advanced non-small
cell lung cancer patients. J. Clin. Investig. 2020, 130, 2560-2569.

Jung, LH.; Kim, D.H.; Yoo, D.K; Baek, S.Y.; Jeong, S.H.; Jung, D.E.; Park, SSW.; Chung, Y. In Vivo Study of Natural Killer (NK)
Cell Cytotoxicity Against Cholangiocarcinoma in a Nude Mouse Model. In Vivo 2018, 32, 771-781.



Cancers 2022, 14, 4229 13 of 13

30.

31.

32.

33.

34.

35.

36.

37.

38.

Liu, Y.; Cheng, Y.; Xu, Y.; Wang, Z.; Du, X,; Li, C,; Peng, J.; Gao, L.; Liang, X.; Ma, C. Increased expression of programmed cell
death protein 1 on NK cells inhibits NK-cell-mediated anti-tumor function and indicates poor prognosis in digestive cancers.
Oncogene 2017, 36, 6143-6153.

Niu, C; Li, M.; Zhu, S.; Chen, Y.; Zhou, L.; Xu, D.; Xu, J.; Li, Z.; Li, W.; Cui, ]. PD-1-positive Natural Killer Cells have a weaker
antitumor function than that of PD-1-negative Natural Killer Cells in Lung Cancer. Int. ]. Med. Sci. 2020, 17, 1964-1973.
Piha-Paul, S.A.; Oh, D.Y.; Ueno, M.; Malka, D.; Chung, H.C.; Nagrial, A.; Kelley, R K.; Ros, W.; Italiano, A.; Nakagawa, K.; et al.
Efficacy and safety of pembrolizumab for the treatment of advanced biliary cancer: Results from the KEYNOTE-158 and KEY-
NOTE-028 studies. Int. ]. Cancer 2020, 147, 2190-2198.

Caparica, R.; Lengele, A.; Bekolo, W.; Hendlisz, A. FOLFIRI as second-line treatment of metastatic biliary tract cancer patients.
Autopsy Case Rep. 2019, 9, €2019087.

Lamarca, A.; Palmer, D.H.; Wasan, H.S.; Ross, P.J.; Ma, Y.T.; Arora, A; Falk, S.; Gillmore, R.; Wadsley, J.; Patel, K.; et al. ABC-
06 | A randomised phase III, multi-centre, open-label study of active symptom control (ASC) alone or ASC with oxaliplatin/5-
FU chemotherapy (ASC+mFOLFOX) for patients (pts) with locally advanced/metastatic biliary tract cancers (ABC) previously-
treated with cisplatin/gemcitabine (CisGem) chemotherapy. J. Clin. Oncol. 2019, 37 (Suppl. 515), 4003.

Sun, W.; Patel, A.; Normolle, D.; Patel, K.; Ohr, J.; Lee, ].J.; Bahary, N.; Chu, E.; Streeter, N.; Drummon, S.D. A phase 2 trial of
regorafenib as a single agent in patients with chemotherapy-refractory, advanced, and metastatic biliary tract adenocarcinoma.
Cancer 2019, 125, 902-909.

Dong, W.; Wu, X.; Ma, S.; Wang, Y.; Nalin, A.P.; Zhu, Z.; Zhang, J.; Benson, D.M.; He, K.; Caligiuri, M.A_; et al. The Mechanism
of Anti-PD-L1 Antibody Efficacy against PD-L1-Negative Tumors Identifies NK Cells Expressing PD-L1 as a Cytolytic Effector.
Cancer Discov. 2019, 9, 1422-1437.

Pesce, S.; Greppi, M.; Grossi, F.; Del Zotto, G.; Moretta, L.; Sivori, S.; Genova, C.; Marcenaro, E. PD/1-PD-Ls Checkpoint: Insight
on the Potential Role of NK Cells. Front. Immunol. 2019, 10, 1242.

Quatrini, L.; Mariotti, F.R.; Munari, E.; Tumino, N.; Vacca, P.; Moretta, L. The Inmune Checkpoint PD-1 in Natural Killer Cells:
Expression, Function and Targeting in Tumour Immunotherapy. Cancers 2020, 12, 3285.



