Study of Adoptive Transfer of Invariant Natural Killer T Cells
Combined With TAE/TACE to Treat Unresectable Hepatocellular

Carcinoma (HCC): Phase II Clinical Trial

NCT04011033

October 1, 2017



1. Background and Aims

Hepatocellular carcinoma (HCC) is the fifth most common cancer and a leading
cause of cancer-related death among males and females of all ages '. It was estimated
that in 2018, there were 840 thousand new liver cancer cases and 780 thousand liver
cancer-related deaths in the world !. Of importance, unresectable HCC accounts for
more than 70%~80% of the cases, limiting the possibility of achieving a cure in many
patients >3, Currently, the prognosis of HCC is poor, with a 5-year survival of about
18% even in developed countries *.

Transarterial embolization (TAE) or transarterial chemoembolization (TACE) is
a standard therapy for intermediate-stage HCC, which is accepted as a routine practice
worldwide > ©. Nevertheless, different clinical characteristics of HCC, such as liver
function and tumor load (different size, number, and location), will lead to different
responses to TA(C)E treatment and different survival times. Furthermore, repeated
TACE procedures could gradually lead to TACE refractoriness, and some patients
even show TACE failure 7. According to the Japanese Society of Hepatology (JSH)
guidelines 8, TA(C)E failure is defined as an insufficient response after >2 consecutive
TA(C)E procedures, as revealed by the response evaluation using computed
tomography (CT) or magnetic resonance imaging (MRI) after 1~3 months. The
median tumor doubling time after an initial response of HCC to TACE is 46 days,
and >90% of the recurrent nodules have a doubling time of <3 months °. The
recurrence rate of intrahepatic lesions after TA(C)E is 37% and 61% at 6 and 12

months, respectively !°. Therefore, patients with HCC failed to respond to TACE,



under which circumstance is defined as TACE refractoriness, should switch to or
combine with systemic therapy as soon as possible because repeated TACE is no
longer beneficial for such patients °.

The Asia-Pacific region has the highest incidence of HCC, with >50% of all the
cases in the world !. In addition, >80% of HCC cases in China occur due to viral
hepatitis and cirrhosis ' 12. Of note, pancytopenia is a common clinical manifestation
of liver cirrhosis '* !4, Therefore, the number and frequency of peripheral blood
lymphocytes in many patients with HCC are lower than in the normal population '°.
Furthermore, the decline of immune system function is the basis of the occurrence,
development, recurrence, and metastasis of various tumors, including the decrease in
anti-tumor killing and immune monitoring functions '°. TA(C)E can induce tumor
necrosis, and ischemia-reperfusion injury can induce further tumor cell damage.
TA(C)E is considered to improve tumor immunogenicity by releasing antigens and
stimulating cytotoxic lymphocytes (CTL) recruitment in tumors 7. After reperfusion,
natural killer T (NKT) cells are activated rapidly by CD1d '®. Invariant NKT (iNKT)
cells are enriched in the human liver, and they express a limited T-cell receptor (TCR)
B spectrum and unique TCR o rearrangement (Va24-Jo 18 in humans and Val4-Jal18
in mice) !°. Clinical trials have shown that activated iNKT cells can rejuvenate
depleted CD8" T cells and natural killer (NK) cells 2->*. Some of these trials activated
iNKT with aGalcer-loaded monocytic dendritic cell vaccines and others adoptively
transferred iNKT cells. These activated or reactivated lymphocytes can help remove

residual cancer cells and prevent tumor recurrence and metastasis. Therefore, TA(C)E



combined with adoptive iNKT therapy might be an option for the treatment of HCC.
In our previous phase I trial %, the adoptive transfer therapy of autologous iNKT
cells in patients with recurrent or refractory Barcelona Clinic Liver Cancer (BCLC)
B/C liver cancer demonstrated a partial clinical response and objective immune
response, with very slight side effects. Therefore, we will conduct a multicenter,
randomized, open trial in BCLC B/C stage patients with HCC after failure to TACE to
explore the efficacy and safety of TAE combined with adoptive autologous iNKT cell

therapy compared with TAE alone.

2. Study Design and Participants

This randomized, multicenter, open-labeled phase II trial will be conducted at
Beijing YouAn Hospital of Capital Medical University, Beijing Shijitan Hospital of
Capital Medical University, and Beijing Ditan Hospital of Capital Medical University
between March 2018 and March 2020. This study will be performed according to the
guidelines of the Helsinki Declaration.

3. Criteria

Inclusion Criteria:

1) 18-80 years of age, 2) TACE failure/refractory BCLC B HCC confirmed by
CT, MRI, and/or histopathology, 3) life expectancy of at least 12 weeks, 4)
Child-Pugh A/B, 5) adequate hematological and renal functions, including white
blood cell (WBC) count >3.0 X 109/L, lymphocyte count >0.8x109/L, platelet

count >50x109/L, hemoglobin concentration >85 g/L, and serum creatinine



concentration of <1.5-times the upper limit of normal value (ULN), and 6) previous
treatment terminated at least 4 weeks before entry to this study.

Exclusion Criteria:

1) Known history of the human immunodeficiency virus (HIV) or syphilis
infection, 2) clinically serious infections, 3) history of stem cell transplant or organ
allograft, 4) history of severe hypertension or cardiac disease, 5) known central
nervous system (CNS) tumor, 6) autoimmune disease requiring systemic therapy with
immunosuppressive agents, 7) history of allergy to immunotherapy or related drugs, 8)
pregnancy or lactation, or 9) deemed not suitable for cellular immunotherapy by the
investigators.

Research Suspension / Termination Criteria:

1) the patient withdrew his informed consent and asked to withdraw, 2) CT/MRI
examination confirmed the occurrence of PD, according to the imRECIST, 3) unable
to tolerate AEs, or serious adverse events (SAE), abnormal laboratory tests or
concurrent diseases, etc, and the researchers judged that it is not in the best interests
of patients to continue to participate in the study, 4) the study and treatment of
patients was significantly delayed for any reason, which exceeded the scheduled
treatment time > 8 weeks from the time of the last administration, 5) other situations
in which the researchers believe that it is necessary to stop treatment, 6) pregnancy
occurred in the patient, 7) use new antineoplastic therapy, 8) the sponsor terminates
the study.

Elimination Criteria:



1) the use of research drugs is not consistent with the clinical regimen, and has a
significant impact on the evaluation of efficacy and safety, 2) those without any
record, 3) those who did not take research drugs.

TACE Failure Criteria:

1) Intrahepatic lesion [i, tWwo or more consecutive ineffective responses seen
within the treated tumors (viable lesion >50%), even after changing the
chemotherapeutic agents and/or reanalysis of the feeding artery, on response
evaluation CT/MRI after 1-3 months following adequately performed selective TACE.
ii, two or more consecutive progressions in the liver (including an increase in the
number of tumors compared to that before the previous TACE procedure), even after
changing the chemotherapeutic agents and/or reanalysis of the feeding artery, on
response evaluation CT/MRI after 1-3 months following adequately performed
selective TACE]. 2) Continuous elevation of tumor markers right after TACE, even
though transient minor reduction is observed. 3) Appearance of vascular invasion. 4)
Appearance of extrahepatic spread.

4. Endpoints and Definitions

The primary endpoint is the PFS, i.e., the time from enrollment to disease
progression according to the modified RECIST (mRECIST) guideline in trial
immunotherapeutics, or death from any cause, whichever occurred first. Secondary
endpoints include overall survival (OS), objective response rate (ORR), disease
control rate (DCR), quality of life (QoL), and safety. Patients without any

post-baseline tumor assessment are considered non-responders. Objective responses



will be confirmed at least 28 days after the initial documentation of the response.

Progression-Free Survival: Time from the date of enrollment to the date of first
documentation of tumor progression.

Progression was defined using Modified RECIST (mRECIST): an increase of at
least 20% in the sum of the diameters of viable (enhancing) target lesions, taking as
reference the smallest sum of the diameters of viable (enhancing) target lesions
recorded since treatment started.

Overall survival: time from the date of enrollment to the date of death from any
cause.

Objective response rate: including complete response (CR) and partial response
(PR) evaluated by imaging according to mRECIST for target lesions and assessed by
MRI/CT. Complete Response (CR), disappearance of any intratumoral arterial
enhancement in all target lesions. Partial Response (PR), at least a 30% decrease in
the sum of diameters of viable (enhancement in the arterial phase) target lesions,
taking as reference the baseline sum of the diameters of target lesions. Objective
Response Rate = CR + PR.

Disease Control Rate: including complete response (CR), partial response (PR),
and disease stabilization (SD), evaluated by imaging according to mRECIST for
target lesions and assessed by MRI/CT. Complete Response (CR), disappearance of
any intratumoral arterial enhancement in all target lesions. Partial Response (PR), at
least a 30% decrease in the sum of diameters of viable (enhancement in the arterial

phase) target lesions, taking as reference the baseline sum of the diameters of target



lesions. Stable disease (SD), any cases that do not qualify for either partial response or
progressive disease. Disease Control Rate = CR + PR + SD.

The Quality of Life (QoL) will be assessed according to the EORTC (EORTC:
the European Organization for Research and Treatment of Cancer) QLQ-C30 scale
between the TAE-INKT and TAE group. And the time to deterioration of QoL, as
reported by the patient, with deterioration defined as a decrease from baseline of 10
points or more on the EORTC QLQ-C30 maintained for two consecutive
assessments.

Safety and side-effect profiles will be assessed based on the nature, frequency,
and severity of adverse events, according to the National Cancer Institute (NCI)
Common Terminology Criteria for Adverse Events (CTCAE), version 4.0.3. Common
Adverse events (AEs) occurring on or after the first treatment day through the end of

this trial will be recorded according to NCI-CTCAE 4.03.

5. Drugs for research

Name of Drug

INKT cells

Production of iNKT Cells

1) Isolate PBMCs by leukapheresis using a COM.TEC apheresis system and
Lymphoprep density gradient medium.

2) Resuspend PBMCs in Corning serum-free cell medium KBMS581 and

stimulate with 100 ng/mL a-GalCer and 100 U/mL animal-free recombinant human



interleukin-2 for 48 hours; the rhIL-2 was replenished every other day.

3) Stimulate PBMCs with 1,000 IU/mL granulocyte-macrophage
colony-stimulating factor and IL-4 for 1 week, and obtain mature, monocyte-derived
DCs.

4) Sort iINKT cells by using anti-iNKT microbeads according to the
manufacturer’s protocol on day 7.

5) Co-culture the sorted iNKT cells with mature DCs for 14 days, and collect
cells for infusion on day 21. An aliquot of cells was used for immunophenotyping and
functional testing.

6) Determine the frequency of iNKT cells in T cells by using a FACSCanto 1I

cytometer.

7) The criteria for iNKT cell administration include a negative bacterial culture, a

negative mycoplasma test result, and an endotoxin level < 0.05 units/mL.

Production Standards

Inspection item

Statutory (Pharmacopoeia)

Internal quality control

survival cell

standard standard

Color --- Colorless or innocent
Character - Transparent suspension

. . Cellular

Identification Flow cytometry )
immunophenotype
Rate of
>95% >95%

Quantity

(survival cell)

Day7: >5%10;
Day 21: >1*108

Microbial limit

test

Aseptic, (bacteria and mold

shall not be detected).

Aseptic, (bacteria and mold

shall not be detected).




Mycoplasma (not allowed to | Mycoplasma (not allowed to be
be detected). detected).
Endotoxin<2EU/ml Endotoxin<2EU/ml
Proportion 90% 90%

Dose and Administration

Intravenous infusion. From the date of cell collection, the cells will be infused on
the 7th and 21st day of each month as a course of treatment for a total of three courses,
the reinfusion dose is determined according to the patient's body surface area, which
was about 108~10°cells/m?.

Drug Combination

Human IL-2 (25,000 IU/kg per day) will be administered (subcutaneous injection)

once every other day for 1 week after iINKT cell infusion.

6. Interventions

The patients will be randomized 1:1 using a random number table to receive TAE
treatment vs. the combination treatment of TAE and adoptive autologous iNKT cell
infusion (TAE-iNKT). The patients in the TAE and TAE-iINKT groups will undergo
TAE at weeks 0 and 4 after enrollment. TAE will be performed at the local hospitals.

In the TAE-iNKT group, iNKT cells will be administered at 1%, 3%, 5t 7t oth
11" weeks after enrollment. After iNKT cell infusion, a subcutaneous injection of
interleukin (IL)-2 (25,000 IU/kg) will be administered once every other day for 1
week.

All target and non-target lesions will be assessed by chest, abdomen, and pelvis

CT or MRI at baseline and every 4 weeks until week 16, and then every 8 weeks until



radiological progression. At the same time points, routine blood tests, tumor
biomarkers, a-fetoprotein (AFP), and quality of life (QoL) will be measured.

After the end of treatment, the survival follow-up of the subjects will continue to
be conducted every 3 months, while those who end treatment for reasons other than
disease progression will undergo regular tumor imaging evaluation as much as
possible after treatment, and survival follow-up must be carried out.

The details of follow-up are shown in the table below:

Screening/ The first | The second Odd Even Out-of-
Project / time baseline period cycle cycle cycle cycle group
(-14d~0w) 3IW+7d 6w=7d +7d +7d follow-up
+7d
Sign the informed X
consent form
Medical history X
Inclusion / exclusion X
criteria
Physical x x x x x x
examination and
vital signs
Blood routine X X x x x x
Urine routine X X x x x x
Biochemistry (liver x x X x x x
and kidney function,
blood glucose, blood
lipid)
Myocardial enzyme X X X X x x
Thyroid function X x X X X x
Five items of X
hepatitis B
Hepatitis C antibody X
HBV-DNA/HCV X X x X
RNA quantification
Syphilis antibody X
HIV antibody X
Digestive tumor x x x x x x
markers, AFP
Coagulation x x x x x x




Autoantibody X

T cell subsets X X x x X X

Detection of cell X X X x X
suspension (bacteria,

fungi, endotoxin)

Electrocardiogram X x x x
Colour Sonography X x
Liver enhanced MR X x x x
or CT
Imaging data of X x x x

other organs

Pathological X

examination of

tumor
Drug combination x x x x x x
Adverse events X X X x x X

The Implementation of TAE

1) Select catheterization of the feeding artery by using a microcatheter.

2) Perform abdominal and hepatic arteriography.

3) Embolization with Gelfoam until near stasis of the arterial flow.

4) Determine the dose of iodized oil by the tumor size or based on whether the
portal vein had a tumor thrombosis.

5) Inject the emulsion of iodized oil until the accumulation of the emulsion in the
tumor and the visualization of the portal vein branches near the tumor. (If there was a
significant arterioportal shunt, embolization with Gelfoam was first performed to
occlude the shunt, after which the iodized oil emulsion was infused, and embolization

with Gelfoam was performed.)

7. Statistical Analysis



The trial was designed to use a 2-sided 5% type I error and had 80% power to
detect an improvement in PFS from 1.5 months in the TAE group to 4.5 months in the
TAE-INKT group, corresponding to a hazard ratio (HR) of 0.33 in terms of median
PFS. In consideration of these assumptions, the trial design was powered for 60
patients to be randomly assigned in each group as the intention-to-treat population
(allocation ratio of 1:1, n=30 patients in each group), and allowing for a drop-out rate
of 20%. Sample size estimation was performed using PASS 11.

Continuous variables will be expressed as the median and IQR, and will be
compared using t tests or Mann-Whitney tests. Categorical variables will be presented
as the frequency and percentage, and will be compared using Fisher’s exact tests.
Survival and time to QoL deterioration will be estimated using the Kaplan-Meier
method, and their 95% ClIs will be calculated using the Brookmeyer and Crowley
method. Survival differences will be compared using log-rank tests. Peripheral blood
cells will be analyzed using Sidak’s multiple comparison test. The overall two-sided
significance level of P< .05 will be split into a two-sided significance level of P< .01
for tests of PFS, OS, ORR, DCR, and QoL according to the Bonferroni method
(dividing the available total a (typically 0.05) equally among the chosen endpoints). If
the PFS and/or all secondary endpoints are statistically significant at a two-sided
significance level of 0.01, the curative effect of TAE-INKT will be deemed better than
that of TAE alone. All statistical analyses will be conducted using SAS software

version 9.4 (SAS Institute).

8. Data Management.



Designated and trained staff act as data managers, responsible for the data
management of this study, complete data collection, input, quality inspection and
make data security monitoring plan in accordance with the requirements of GCP.
When the following conditions are met, the data can be locked: all data have been
entered into the database; all questions have been solved; the researcher has
completed the signature; the analytical population has been defined and judged. After
the database is locked, if the project team evaluates that it needs to be unlocked, it can
reopen the lock. The process of unlocking the database should include notifying the
project team, clearly defining which data errors will be changed, the reason for the
change, and the date of the change, and signed by key researchers, data managers, and
statistical analysts. The re-locking of the database should follow the same notification

/ approval process as the database lock for the first time.

9. Handling of Adverse Events during and after the Study.

Researchers should follow up, observe and record the outcome of all adverse
events, and follow patients who drop out of the study because of adverse events until
the adverse events are completely relieved. Researchers must determine whether
adverse events are related to research drugs and provide evidence to support this
judgment.

In all clinical or laboratory examinations, abnormal items of clinical significance
should be filled in the form of adverse events and followed up at least once a week

until normal or reached the baseline level.



Measures to Deal with Expected Adverse Events

1) Fever: patients may have different degrees of fever, doctors will give
symptomatic antipyretic treatment.

2) Allergic reaction: a small number of patients may have allergic reaction, such
as skin pruritus, urticaria, chest tightness and so on.

3) Digestive tract symptoms: patients may have digestive tract symptoms of
nausea, vomiting and various stomach discomfort, and doctors will give gastric
mucosal protective agents, acid suppressants, gastric motility drugs or antiemetic
drugs according to the situation.

If any serious adverse event occurs in the course of clinical research, the
researcher shall report the serious adverse event to the ethics committee of the
research unit and the applicant unit of clinical research within 24 hours of knowing
the serious adverse event. At the same time, researchers must fill in the form of
serious adverse events and record the time, severity, duration, measures taken and

outcome of serious adverse events.

10. Follow-up and Medical Measures after the End of the Study.

After the completion of this study, the subjects may still have the end events of
the disease itself, such as the progression of liver cancer and the deterioration of liver
function. We will closely observe and follow up, communicate with patients in time,
and put forward objective medical suggestions. Therefore, the regular return visit of

the subjects will be very important, because it will help to detect the progress of these



diseases in the early stage, so that the clinical follow-up doctors can take timely and

effective treatment measures to improve the prognosis.

11. Data Preservation.

The original data of the examination results (including the test sheet) are owned
by the researchers. The CRF shall be in triplicate, one copy shall be retained by the
bidding unit, one copy by the participating unit and one copy by the statistical unit.
Demographic data, related medical history, physical examination, a series of
laboratory tests and combined medication and adverse events take the CRF table and
hospital case system data as the original data, in which the part related to the privacy
of the subjects is only reflected in the original medical records.

Researchers should properly preserve research documents in accordance with
relevant requirements. Important documents should be kept until 5 years after the end

of the clinical study.
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