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ABSTRACT

Background & Aims: There is no generally accepted adjuvant therapy for hepatocellular carcinoma (HCC)
after curative resection. Autologous cytokine-induced killer (CIK) cells therapy has been reported to
improve outcomes of patients with HCC, but its role as an adjuvant therapy remains unclear. This study
aimed to evaluate the efficacy and safety of CIK as an adjuvant therapy for HCC after curative resection.

Methods: This is a single center, phase 3, open label, randomized controlled trial (RCT). Two hundred
patients who were initially diagnosed with HCC of Barcelona Clinic Liver Cancer (BCLC) stage A or B, and
underwent curative hepatectomy were randomly assigned to receive four cycles of CIK treatment (the CIK
group, n = 100) or no treatment (the control group, n = 100). The primary outcome was time to
recurrence. The secondary outcomes included disease-free survival (DFS), overall survival (OS) and adverse
events.

Results: All patients in the CIK group finished the treatment by protocol. The median time to recurrence
(TTR) was 13.6 (IQR 6.5-25.2) mo in the CIK group and 7.8 (IQR 2.7-17.0) mo in the control group (p =
0.01). There were no significant differences between the groups in DFS and OS. All adverse events were
grade 1 or 2. There were no significant differences in incidence between the two groups.

Conclusions: Four cycles of CIK therapy were safe and effective to prolong the median TTR in patients
with HCC after curative resection, but the treatment did not improve the DFS and OS.
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Introduction . . . . .
recurrence and improve post-operative survival, but it has little

HCC is the fifth most common cancer and the third most com-
mon cause of cancer-related mortality in the world.! Resection
is still the main choice of treatment for patients with early stage
HCC and well-compensated liver function.” Unfortunately,
recurrence after resection occurs in up to 80% of patients
within five years following surgery, which together with con-
comitant hepatic decompensation, are the main causes of
death.” Several adjuvant treatments including arterial infusional
chemotherapy,* I'’' lipiodol,™ and interferon”® have been
used. Unfortunately, the clinical use of these adjuvant therapies
is either controversial or requires further evaluation.”'® Antivi-
ral therapy has been demonstrated to reduce late HCC

effect on early recurrence.'’ Given that no antitumor therapies
have been accepted as the standard of care in HCC after poten-
tially curative treatment, further studies need to be explored.
CIK are a type of antitumor T cells characterized by the
coexpression of T cell marker CD3 and natural killer (NK)
cell marker CD56 molecules, which can easily be generated
by expanding human peripheral blood mononuclear cells
(PBMC) in the presence of interferon-c (IFN-c), anti-CD3
antibody and interleukin (IL)-2. Many attributes and ration-
ales for the clinical use of CIK have been developed in the
past two decades, and CIK as an adoptive immunotherapy
should play an important role in cancer treatment.">”'* As
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an immunotherapeutic modality, infusion of CIK is more
likely to show efficacy in a relatively low tumor burden
stage or in an adjuvant setting, than in high tumor burden
diseases.”” We hypothesized that CIK treatment is beneficial
after an attempted curative resection of HCC, as residual
tumor, if present, would be minimal. We conducted this
study to assess the efficacy and safety of CIK as an adjuvant
therapy for HCC after curative resection.

Results
Patients

From May 2008 to Feb 2013, 1819 patients underwent hep-
atectomy in our department. Of the 608 patients who met
the inclusion and exclusion criteria, written informed con-
sent were obtained in 200 patients. The 200 patients were
randomized to group A (the CIK group) and group B (the
control group) with an allocation ratio of 1:1. All the
patients in group A finished the four cycles of CIK infusion
as scheduled by the protocol. The dose of CIK for each
cycle ranged from 1.0 x 10" to 1.5 x 10" cells, and the
total dose for each patient ranged from 4.0 x 10'° to 6.0 x
10" cells. Three patients received additional CIK treatments
after one year. Five patients in group B had protocol viola-
tion: two patients were crossed over to receive CIK treat-
ment, two accepted adjuvant hepatic arterial che-
moembolization, and one was later diagnosed histologically
as having a mixed HCC and cholangiocarcinoma. All the
200 randomized patients were included in the efficacy anal-
ysis (Fig. 1).

All these patients were Chinese. Hepatitis B virus infec-
tion was the main cause of HCC (85.5%). Patients in group
A were younger (median 43, IQR 38-56 y) when compared
with group B (median 52, IQR 43-60 y, p = 0.001). Other-
wise, patients in the two groups were balanced. There were
no significant differences between the two groups in any
baseline demographic and prognostic characteristics for sur-
gery. Most (75.5%) patients received non-anatomic hepatec-
tomy. There were also no significant differences between
the length of hospital stay and the operation-related factors,
and the post-operative use of anti-viral drugs and immuno-
modulators were comparable between the two groups. The
baseline characteristics, operative and post-operative factors
of these patients are shown in Table 1.

Follow-up

As the actual accrual time was longer than we expected, we
extended the study by 16 mo to maintain the power of 0.8. The
follow up ended at the end of September 2014. The median fol-
low-up was 38.2 mo (range 3.7-73.0 mo). No patients were lost
to follow up in their first post-operative year. One patient was
lost to follow-up after 14 mo of surgery, three patients after two
years, four patients after three years, and three patients after
four years of surgery, respectively. For those who were lost to
follow-up, the date of the last assessment and the date of the
last contact were used to calculate recurrence and death,
respectively.
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Figure 1. Enrollment and population for analysis.

Time to recurrence

No patients were detected to have any residual tumor at the
post-operative 4th-week assessment. By the date this study was
censored on June 30, 2014, recurrence was diagnosed in 85
patients, with 40 patients in the CIK group and 45 patients in
the control group, respectively (40% vs. 45%, p = 0.474). The
median TTR of the CIK group was 13.6 mo (IQR 6.5-25.2 mo)
vs. 7.8 mo (IQR 2.7-17.0 mo) of the control group. There was a
74% improvement in median TTP for the patients in the CIK
group (p = 0.011). The recurrence events in each of the post-
operative years are shown in Fig. 2. The one-year recurrence
rate was significantly lower in the CIK group compared with
the control group (16% vs. 29%, p = 0.028). There was no sig-
nificant difference in the recurrence rate in the other post-oper-
ative years.

Pre-specified subgroup analyses by age, pre-operative AFP,
tumor capsulation, tumor differentiation and size of tumor
were performed for TTR. In the subgroups with age <45 vy,
pre-operative AFP >25 ng/mL, tumor size >5 cm, and moder-
ate/poor differentiated tumor, patients in the CIK group had
significant prolonged TTR than the control group. (Table 2,
p < 0.05)

Disease-free survival and overall survival

By the date of censor on September 30, 2014, 48 patients had
died (20 in the CIK group and 28 in the control group). Except
for one patient who died before the development of tumor
recurrence, 47 patients died from HCC progression. The one-,
three-, and five- year DFS were 83.8%, 59.9%, and 51.8% in the
CIK group, and 69.9%, 55.9%, and 44.9% in the control group,
respectively (p = 0.334). The one-, three-, and five- year OS
were 91.7%, 82.2%, and 69.3% in the CIK group, and 87.0%,



Table 1. Baseline and surgical prognostic characteristics of the patients (Intention-to-Treat Population).
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All Patients CIK Group Control Group

Variables n =200 n=100 n=100 p value
Patient

characteristics
Male sex 181 (90.5) 92 (92.0) 89 (89.0) 0.469
Age, yrs* 47 (39-58) 43 (38-56) 52 (43-60) 0.001
Tumor size 0.067
<3cm 48 (24.0) 30 (30.0) 18 (18.0)
>3-5cm 68 (34.0) 35(35.0) 33(33.0)
>5cm 84 (42.0) 35(35.0) 49 (49.0)
Number of tumors 0.756
Solitary 189 (94.5) 95 (95.0) 94 (94.0)
Multiple tumors 11 (5.5) 5 (5.0) 6 (6.0)
Capsule of tumor 0.377
None 48 (24.0) 20 (20.0) 28 (28.0)
Incomplete 48 (24.0) 24 (24.0) 24 (24.0)
Complete 104 (52.0) 56 (56.0) 48 (48.0)
Microvessel Invasion 3(1.5) 2(2.0) 1(1.0) 0.561
Grade of differentiation (n = 198) 0.962
High 20 (10.1) 10 (10.0) 0(10.2
Moderate and/or Poor 178 (89.9) 90.0) (89.8
AJCC 7th edition T staging 0.929
T 185 (92.5) 92 (92.0) 93 (93.0)
T2 7 (3.5) 4 (4.0 3(3.0
T3a 8(4.0) 4(4.0) 4(4.0)
Pre-operative factors
ECOGPS O 177 (88.5) 89 (89.0) 88 (88.0) 0.825
HBsAg Positive 171 (85.5) 84 (84.0) 87 (87.0) 0.547
HBV-DNA* 4430 (0-413000) 1865 (0-289500) 6580 (0-591000) 0.278
Pre-operative AFP 0.244
<25 94 (47.0) 44 (44.0) 50 (50.0)
25-400 37 (18.5) 24 (24.0) 13 (13.0)
>400-10,000 48 (24.0) 23 (23.0) 25 (25.0)
>10,000 21 (10.5) 9(9.0) 12 (12.0)
Pre-operative NLR 0.7 (0.6-1.0) 0.7 (0.6-1.0) 0.7 (0.6- 0.9) 0.410
Operative factors
Anatomic resection 49 (24.5) 26 (26.0) 23 (23.0) 0.622
Operation time, min* 150 (130-185) 150 (130-180) 150 (130-195) 0.579
EBL, ml* 300 (200-400) 250 (200-400) 300 (200-500) 0.10
Blood transfusion 16 (8%) 6 (6%) 10 (10%) 0435
LOS, days* 16 (14-19) 16 (14-18) 17 (15-20) 0.10
Post-operative factors
Histology of liver 0.884
None 9 (4.5%) 5(5.0%) 4 (4.0%)
Inflammation/Fibrosis 78 (39.0%) 40 (40.0%) 38 (38.0%)
Cirrhosis 113 (56.5%) 55 (55.0%) 8 (58.0%)
Post/Pre-op AFP (%)" 9.2 (0.9-90.0) 15.2 (0.9-94.1) 6.6 (1.5-78.3) 0.685
Anti-viral therapy 0.921
None 127 (63.5) 62 (62.0) 65 (65.0)
LAM 24 (12.0) 2(12.0) 12 (12.0)
ETV 46 (23.0) 24 (24.0) 22 (22.0)
Others 3(1.5) 2 (2.0) 1(1.0)
Use of immunomodulators 0.090
None 82 (41.0) 35(35.0) 47 (47.0)
TP5 109 (54.5) 62 (62.0) 47 (47.0)
Tal 9 (4.5) 3(3.0 6 (6.0)

*Reported as median and interquartile range (IQR). Other variables were reported as number (%).

CIK, cytokine induced killer cells; AJCC, American Joint Committee on Cancer; ECOG PS, Eastern Cooperative Oncology Group Performance Status; AFP, Alpha fetoprotein;
WBC, White blood cells; NLR, Neutrophils to lymphocytes ratio; EBL, estimated blood loss; LOS, Length of hospital stay; Post/Pre-op AFP, Post-operative to preoperative
« fetoprotein ratio; LAM, Lamivudine; ETV, Entecavir; TP5, Thymopentin for injection; Ter1, Thymosin o1 for injection.

76.3%, and 56.2% in the control group, respectively (p = 0.141).

(Fig. 3)

Time-dependent effects of CIK on overall survival

Fig. 4 showed the trend of the hazard ratios (HR) over time for
OS (Fig. 4) of the patients in the CIK group compared to
patients in the control group using the Aalen’s linear hazard

models. The curves of the HR and the 95% CI for OS showed a
significantly lower risk of death in patients in the CIK group
during the first 30 mo of surgery. Although the curves of the
HR for OS were always less than 1 over time, the confidence
intervals crossed the horizontal reference line in the later
period, implying that there was no significant difference of
mortality risk between the two groups in the later years of

surgery.
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Figure 2. Recurrence distribution among different post-operative years between
the CIK group and the control group.

Safety

Neither hospital death nor serious adverse events occurred in
the whole cohort. The overall incidence of treatment-related
complications was 11.8% in the CIK group and 14.7% in the
control group. All adverse events were of grade 1 or 2, without
any significant difference between the two groups (Table 3).
Fever was reported in eight (7.9%) patients who received CIK,
and five (4.9%) of them had transient recurring fever after each
cycle of CIK infusion. The fever was self-limiting. No infection
or allergic reaction was observed in the patients who received
CIK.

Discussion

In this study, the patients who received adjuvant CIK therapy
after curative resection of HCC had a 74% improvement in the
median TTR when compared to those who did not receive CIK
infusion. The benefit of CIK to prolong the TTR was more sig-
nificant in patients with tumor >5 c¢m, complete tumor encap-
sulation, moderate/poor differentiated tumor, and a pre-
operative AFP >25 ng/mL. Patients in the CIK group had sig-
nificant lower recurrence rate in the first post-operative year,

Table 2. Subgroup analysis of time to recurrence (TTR) between the CIK group and
the control group.

TTR, months, median (IQR) p value
Subgroups CIK Group Control Group
Tumor size<5 cm 13.1(6.2-26.2) 11.3(3.5-19.4) 032
Tumor size>5 cm 15.0 (6.8-23.7) 6.0 (2.6-11.8) 0.01
Pre-operative AFP<25 ng/mL 12.2 (8.8-16.5) 10.3(6.3-22.6) 0.78
Pre-operative AFP>25 ng/mL 16.8 (6.0-26.3) 3.3(2.3-17.0) <0.001
Complete tumor capsule 15.0 (10.2-26.3) 8.6 (2.4-19.4) 0.08
None/Incomplete tumor capsule 9.8(5.8-203) 7.0(29-12.3) 0.14
Age < 45 years 13.2(5.9-23.7) 4.8(2.6-84) 0.02
Age > 45 years 15.7 (6.8-26.1) 9.5 (2.9-17.6) 0.09
High differentiated tumor Not reached 21.9(18.2-45.2) 0.18
Moderate/Poor differentiated tumor 13.8 (6.8-26.1) 7.2 (2.6-14.7)  0.001

TTR, time to recurrence; CIK, cytokine induced killer cells; IQR, interquartile range;
AFP, « fetoprotein.

although the overall recurrence rates were not different
between the two groups.

Adoptive immunotherapy is an old treatment strategy even
though it has not been widely accepted. It has been shown to be
useful in melanoma, lymphoma and renal cancer.'®"” With
rapid advances in technology in molecular biology, adoptive
cancer immunotherapy wusing CIK cells is receiving
attention. '>'® This technique may have a renew interests in
light of the expression of programmed cell death 1 (PD1) path-
way in HCC and recent encouraging outcome demonstrated in
patients treated with Nivolumab.'”* An international registry
of clinical trials on CIK was established in 2010 by Schmidt-
Wolf et al., with an aim to collect clinical data and standardize
treatment of patients with cancer using CIK cells.”! In previ-
ously published studies, CIK treatment has been shown to sig-
nificantly improve patient survival, especially when combined
with minimally invasive treatments to give a synergistic effect.”
However, these studies were not RCT, and the study populations
were heterogeneous and the sample sizes were relatively
small.*"»** The present trial was conducted to better evaluate the
role of CIK as an adjuvant therapy after curative resection for
HCC.

The recurrence rate in the CIK group was obviously lower
than the control group within the first post-operative year.
Using the Aalen’s linear hazard model, we also observed a sig-
nificantly lower risk of death in the first 30 post-operative
months in patients who received CIK when compared to the
control group. This significant suppression of early recurrence
by CIK is consistent with our hypothesis and with the results of
Takayama’ s study.”* CIK treatment has not been shown to
improve OS of patients with HCC after curative resection in
several other studies.”**> Our results suggested that CIK ther-
apy reduced recurrence and death in the earlier post-operative
period, but its efficacy failed to achieve any benefit in long-
term survival. Recently, Lee et al. reported a multicenter trial
using CIK as an adjuvant therapy for early stage HCC after
curative treatments (which included surgical resection, radio-
frequency ablation, and percutaneous ethanol injection). The
results showed both recurrence-free survival and OS were
improved in patients who received adjuvant CIK.*® Similar
results were obtained from a retrospective study on HCC after
surgery which showed a significant survival benefit using CIK
therapy.”” A possible explanation on the inconsistency of CIK
in providing any survival benefit in the different studies is the
differences on the cycles of infusions and the durations of
maintenance CIK treatment used. Another possibility is in the
two studies with a positive impact of CIK on survival, higher
portion of patients with very early stage HCC after curative
treatment were included than our study, as well as patients
treated with repeated ablation were included and CIK could
give more favorable survivals in these patients.”**’

Currently, there are no standard dose which has been estab-
lished for CIK therapy. In the previous studies, the number of
CIK cells used per infusion ranged from 7.2 x 10° to 2.1 x
10'°, and some patients were treated with up to 40 infusions of
CIK.*! In our study, we used four cycles of treatment which
were completed within 3 mo of surgery, and the dose of each
cycle ranged from 1.0 x 10" to 1.5 x 10" CIK cells. This strat-
egy of “high dose, short term, less cycles” was selected based on
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Figure 3. Kaplan—-Meier Curves of disease-free survival (DFS, Panel A) and overall survival (OS, Panel B) for patients in the CIK group and the control group.

a cost-effect consideration. We hypothesized that a patient’s
inherent immunologic function is most impaired by the trauma
of the surgery during the early post-operative period, and any
residual tumor is at its minimum at that time. This strategy
seems to be successful in decreasing early recurrence in the first
post-operative year, but it failed to maintain any long-term
effect. In another RCT for HCC after curative resection, no sig-
nificant difference was found in the DFS of HCC between
patients who received three courses of CIK and those who
received six courses.”> On the other hand, Pan et al. reported
patients who received more than eight cycles of CIK transfu-
sion exhibited significantly better survival than those patients
who received <8 cycles.”” In a recent RCT, patients who
received 16 cycles of CIK infusion in 60 weeks after curative
treatments had significantly better OS and RFS.*® In our study,
three patients received additional CIK infusions in the later
post-operative years, and all of them are still alive and without
any recurrence. All these data provide us with clues that more
infusions and a longer maintenance duration of CIK treatment
might result in better survival. The existing evidences are not
sturdy enough to advocate CIK to be used as an adjuvant ther-
apy for HCC after curative resection. However, future studies
should be conducted focusing on longer treatment duration,
and on the cost effectiveness for CIK infusion.

A major limitation of this trial is that it was conducted with-
out using a blind control. As the interventions were open to
both the patients and investigators, patients in the control
group were less compliant. Some patients decided to withdraw
from the study to receive some form of adjuvant therapy, thus
resulting in a bias in the two groups of patients. Moreover, the
unblinded design made the patients of the CIK group feeling
they were luckier and would have better chance to be cured,
which might lead underreporting of their AEs. Another limita-
tion is that the age distribution was imbalanced between the
two groups. Patients in the CIK group were significantly youn-
ger than the control group. Although younger patients are
more common to have more aggressive tumor factors, a large-
scale propensity score matching analysis has shown age not to
be a risk factor for long-term survival for patients with HCC
who underwent curative resection.”® Furthermore, the absence
of flow cytometry determination of injected immune cells did
not allow us to identify the correlation between quality and

quantity of immune cells and patients outcome. A study about
how long the CIK cells will be detectable in the peripheral
blood and whether long-lasting immune changes affect
patients” outcome would be of great interest, and is our future
plan.

In summary, this study showed that CIK as an adjuvant
treatment prolonged the TTR in patients with HCC, but CIK
failed to result in better DFS and OS. CIK was safe, with no sig-
nificant toxicity. More large-scale multicenter (RTC) are
needed to define the role of CIK as an adjuvant therapy.

Patients and methods
Study population

Consecutive patients who underwent liver resection with
curative intention for HCC at the Department of Hepato-
biliary Surgery, Sun Yat-sen University (SYSU) Cancer Cen-
ter between May 2008 and Feb 2013 were eligible for this
study. The inclusion criteria were: (1) age older than 18 vy;
(2) no prior anticancer therapy; (3) HCC with histological
diagnosis; (4) stage BCLC A or B with tumor number <3;
(5) underwent curatively resection (defined as histologically

110205 4
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Figure 4. Curves of Aalen’s linear hazard model for overall survival (OS) of patients
in the CIK group and the control group. The middle curve presents the hazard ratio
(HR) for the CIK group compared to the control group, and the upper and lower
curves present the corresponding 95% confidence intervals (Cls) of HRs over time;
the horizontal reference line presents a coefficient equal to 0 and a HR equal to 1.
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Table 3. Adverse events in patients who received CIK treatment or not (per treat-
ment population).

All Patients CIK treatment Control group

Number (%) n=197 n=102 n=95 p value
Any complication® 26 (13.2) 12(11.8) 14 (14.8) 0.538
Grade 1 15 (7.6) 8(7.9) 7(7.4)

Grade 2 11 (5.6) 4 (3.9 7(7.4)

Pleural effusion 11 (5.6) 3(2.9) 8(8.4) 0.094
Grade 1 8(4.1) 2(1.9) 6 (6.3)

Grade 2 3(1.5) 1(1.0) 2(2.1)

Ascites 7 (3.6) 3(2.9) 4(4.2) 0.631
Grade 1 5(2.6) 2(1.9) 3(3.2)

Grade 2 2(1.0) 1(1.0) 1(1.0)

Liver dysfunction (Jaundice) 1 (0.5) 0 1(1.1) 0.299
Grade 1 0 0 0

Grade 2 1(0.5) 0 1(1.1)

Pain, abdominal 10 (5.1) 6 (5.8) 4(4.2) 0.593
Grade 1 6(3.1) 3(29) 3(3.1)

Grade 2 4(2.0) 3(2.9) 1(1.1)

Fever 25(12.7) 8(7.8) 17 (17.9) 0.073
< 38°C 19(9.7) 7 (6.9) 12 (12.6)

Grade 1 4(2.0) 1(0.9) 3(3.2)

Grade 2 2(1.0) 0 2(2.1)

Flu-like symptom 2(1.0) 0 2(2.1) 0.141
Grade 1 1(0.5) 0 1(1.05)

Grade 2 1(0.5) 0 1(1.05)

“The highest grade of any complications was taken as grade for a same patient.

negative margin, RO resection); (6) Eastern Cooperative
Oncology Group Performance status (ECOG PS) 0 or 1; (7)
liver function status of Child-Pugh A; (8) adequate organ
functions prior to study entry (platelet count >70 x 10°/L,
hemoglobin >85 g/L, prothrombin time <3 sec above con-
trol, albumin >35g/L, total bilirubin <25 pmol/L, alanine
aminotransferase and aspartate aminotransferase <2.5 times
the upper limit of normal, and serum creatinine <1.5 times
the upper limit of normal; (9) written informed consent
was obtained. The exclusion criteria were: (1) previous or
concurrent cancer; (2) history of cardiac disease; (3) known
central nervous system disease; (4) active infections other
than chronic viral hepatitis; (5) history of organ allograft;
(6) patients with clinically significant gastrointestinal bleed-
ing within 30 d; (7) pregnant or breast-feeding women. The
study was approved by the Ethics Committee of SYSU Can-
cer Center, and complied with the provisions of the Good
Clinical Practice (GCP) guidelines and Declaration of Hel-
sinki. The study was monitored by the GCP center of SYSU
Cancer Center, and audited by the Department of Medical
Sciences of SYSU. This trial has been registered and a copy
of the brief protocol and inclusion and exclusion criteria
are available at ClinicalTrials.gov (ClinicalTrials.gov regis-
tration number, NCT00769106).

Study design

This prospective randomized, open label, blank controlled,
phase 3, parallel trial was conducted at SYSU Cancer Cen-
ter. All eligible patients were randomly assigned in a 1:1
ratio to receive either intravenous autologous CIK infusion
versus no treatment. Randomization with a block size of 20
was applied. The random allocation sequence was generated
by a statistician. A non-research staff then made cards with

the assigned groups, and sealed each of the cards into num-
bered and opaque envelopes. The envelopes were stored by
block. After signing an informed consent with the investiga-
tor, each enrolled patient was assigned by a study nurse to a
study group by opening a sequential envelope. Both the
investigators and the patients were aware of the interven-
tion assignments. Physicians and radiologists who assessed
the outcomes, as well as statisticians were blinded of the
group assignments.

Crossover of patients between the groups was not per-
mitted. For patients who developed tumor recurrence within
four weeks after operation, or received other anticancer
treatment before recurrence, they were classified as protocol
violation. On the basis of the intention-to-treat (ITT) prin-
ciple, all randomized patients including the violation ones
were included in the analysis for efficacy in this study.

Interventions

Patients in the CIK group were scheduled to receive four cycles
of autologous CIK infusions within 3 mo after liver resection.
The first CIK infusion was performed within six weeks after
surgery. The patients received CIK infusions intravenously in
an upper limb at each cycle. The interval between cycles was
about two weeks. Treatment interruptions or discontinuation
were permitted when patients experienced intolerable adverse
effects.

The CIK infusions were prepared under conditions in
accordance with current good manufacturing practices in
the Biotherapy Center at SYSU cancer center as described
in our previous report.”” Briefly, 50 mL of heparinized
peripheral blood were obtained from the patients after two
weeks of surgery. The PBMCs were separated by Ficoll-
Hypaque density centrifugation, resuspended in fresh
serum-free X-VIVO 15 medium containing 1,000 U/mL
interferony (IFNy, ShangClone) at 2 x 10° cells/mL and
incubated at 37°C in a humidified atmosphere containing
5% CO, for 24 h. Then, 100 ng/mL mouse anti-human
CD3 monoclonal antibody (R & D Systems), 100 U/mL
Interleukin-ler (IL-1e, Life Technologies) and 1,000 U/mL
human recombinant IL-2 (rhIL-2, Beijing Sihuan) were
added. Cell growth was observed daily. Fresh medium con-
taining IL-2 was added every two days to maintain a cell
concentration of 2 to 4 x 10° cells/mL. On day 14, cells
were harvested, washed, and resuspended with 100 mL of
normal saline containing 1% of human serum albumin. The
cell dose was based on the total viable cell number, as
determined by manual hemacytometer cell counts. Before
administration, samples of CIK were assessed for viability
using the dye exclusion test and checked twice to exclude
contamination by bacteria, fungi and endotoxins. Then, the
autologous CIK was transfused through a vein within
60 min after harvest.

Patients in the control group were regularly followed up in the
clinic without any anticancer therapy. Anti-viral treatment and
other supportive medicine were allowed in the two groups. Any
other anticancer therapy or medication was forbidden during the
study period. After tumor recurrence was confirmed, the patients
were treated actively with the best available clinical practice.



Outcomes and assessment

The primary outcome was TTR. The TTR was measured from
the date of surgery to the date when intrahepatic or/and extra-
hepatic recurrence was first diagnosed. The diagnosis of recur-
rence was based on the Response Evaluation Criteria in Solid
Tumors (RECIST). Once there was any suspicious finding by
ultrasound or X-ray, an enhanced contrast computed tomogra-
phy (CT) or magnetic resonance imaging (MRI) was performed
to confirm the diagnosis of recurrence. When the recurrence
was confirmed, the date of the first ultrasound or radiography
which detected abnormality was used to calculate the TTR. A
contrast abdominal CT or MRI was performed at four weeks
(1 week) after hepatectomy to assess any residual lesions. The
patients were then assessed once every 3 mo. The assessment
included physical examination, clinical laboratory tests (hema-
tologic and biochemical parameters, « fetoprotein), and
abdominal Doppler ultrasonography. Additionally, an abdomi-
nal CT or MRI with contrast and chest X-ray were conducted
every 6 mo in the first two years of surgery, then every 12 mo
for the subsequent three years. Patients who had no recurrence
within five years of surgery were assessed every 6 mo from the
6th year onwards.

The secondary outcomes included DFS, OS, and safety. DFS
was measured from the date of surgery to the date when recur-
rence was first diagnosed or to the date of death, whichever
occurred earlier. OS was measured from the date of surgery to
the date of death from any reason or to the date of the last fol-
low-up. Safety was assessed using version 3.0 of the National
Cancer Institute’s Common Terminology Criteria for adverse
events (CTCAE 3.0).%

Statistical analysis

The sample size was calculated based on the primary outcome
of TTR. Assuming a two-sided type I error of 0.05, a randomi-
zation ratio of 1:1 between the two groups, a median TTR of 8
mo in the control group, and an expected accrual time of 18
mo and additional follow-up time of 42 mo (total study dura-
tion of five years), we estimated that with 99 patients in each
group, the study would have a power of 80% to detect a 4 mo
(50%) prolongation in TTR for the CIK group. An interim
analysis was planned for safety and compliance. A single final
analysis was planned for the primary outcome. Subgroup anal-
ysis were planned to explore the potential benefit of CIK for
patients with different characteristics.

The efficacy outcomes (TTR, DFS, and OS) were analyzed
on the basis of the ITT principle. Safety outcomes were assessed
based on the per protocol principle. Continuous variables were
described as medians with interquartile range (IQR). Categori-
cal variables were described as totals and frequencies. The dif-
ferences between the groups were assessed by the Chi-square,
student’s t-test and Wilcoxon rank-sum test, as appropriate.
TTP was assessed using the Wilcoxon rank-sum test. OS and
DES were estimated using the Kaplan-Meier (KM) method,
and the differences in OS and DFS were compared using the
log-rank test. Aalen’s linear hazard models were used to analyze
the time-dependent effects of CIK therapy on DFS and OS. All
analyses were carried out with the STATA version 12.0
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(StataCorp, College Station, TX) and a p value of <0 .05 (two
tailed) was considered statistically significant.
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