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ABSTRACT

Background The number of clinical studies evaluating
the benefit of cytokine-induced killer cell (CIK) therapy,

an adoptive immunotherapy, for colorectal cancer (CRC)
is increasing. In many of these trials, CIK therapy was
coadministered with conventional cancer therapy. The aim
of this review is to systematically assess the available
literature, in which the majority were only in Chinese,

on CIK therapy for the management of CRC using meta-
analysis and to identify parameters associated with
successful CIK therapy implementation.

Methods Prospective and retrospective clinical studies
which compared CIK therapy to non-CIK therapy in patients
with CRC were searched for electronically on MEDLINE,
Embase, China National Knowledge Infrastructure, and
Wanfang Data databases. The clinical endpoints of overall
survival (0S), progression-free survival (PFS), 0S and PFS
rates, overall response rate (ORR), and toxicity were meta-
analyzed using HR and relative ratio (RR), and subgroup
analyses were performed using chi-square (xz) test and
I-squared (%) statistics for study design, disease stage,
cotherapy type, and timing of administration.

Results In total, 70 studies involving 6743 patients were
analyzed. CIK therapy was favored over non-CIK therapy
for OS (HR=0.59, 95% Cl: 0.53 to 0.65), PFS (HR=0.55,
95% Cl: 0.47 10 0.63), and ORR (RR=0.65, 95% Cl: 0.57
to 0.74) without increasing toxicity (HR=0.59, 95% CI:
0.16 to 2.25). Subgroup analyses on 0S and PFS by study
design (randomized vs non-randomized study design),
disease stage (Stage I-Il vs Stage V), cotreatment with
dendritic cells (DCs) (CIK vs DC-CIK therapy), or timing

of therapy administration (concurrent vs sequential with
coadministered anticancer therapy) also showed that the
clinical benefit of CIK therapy was robust in any subgroup
analysis. Furthermore, cotreatment with DCs did not
improve clinical outcomes over CIK therapy alone.
Conclusion Compared with standard therapy, patients
who received additional CIK cell therapy had favorable
outcomes without increased toxicity, warranting further
investigation into CIK therapy for the treatment of CRC.

INTRODUCTION
Colorectal cancer (CRC) is the second leading
cause of cancerrelated death worldwide.!

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Cytokine-induced Killer cell (CIK) therapy is an
adoptive immunotherapy used to treat both solid
and hematological cancers for over 20 years. It is
predominantly used in China, with multiple studies
reporting benefits in patients with colorectal cancer
(CRC). Despite this, CIK therapy treatment regi-
mens are not widely used, possibly due in part to
the majority of the literature about CIK therapy in
CRC being reported in Chinese. Further, CIK ther-
apy is commonly combined with other therapies
but it is currently not known if there is a specific
combination or treatment regimen that is optimal
for CRC.

WHAT THIS STUDY ADDS

= We report the most comprehensive systematic re-
view to date of CIK therapy for patients with CRC,
combining both Chinese and English language re-
ports. Patients with CRC who received additional
CIK therapy had better survival outcomes than
with standard therapy alone. We also showed
that the addition of dendritic cells to CIK therapy,
common for CRC treatment, did not provide any
clinical benefit over CIK therapy alone and that CIK
therapy is effective whether given concurrently or
sequentially to standard treatment regimens.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our systematic review of Chinese and English
publications shows that patients with CRC benefit
from the addition of CIK therapy to standard treat-
ment protocols and warrants further international
studies.

Patients with locally advanced CRC, including
regional lymph node metastases, have a 5-year
survival of 75%, which reduces to 15% if there
are distant metastases.” Survival outcomes for
locally advanced and metastatic CRC have
steadily improved due to advancements in
surgical techniques, perioperative care, and
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therapeutic options. However, tumor recurrence and
therapy resistance remain a challenge, creating the need
for new treatment options.”

During the last decade, immunotherapy has revolu-
tionized cancer treatment, with clinical efficacy estab-
lished for multiple solid and hematological cancers.*
Immune checkpoint inhibitors have provided significant
clinical benefit, particularly in solid cancers with a high
tumor mutation burden.’ In advanced CRC cases, they
have become the standard of care for high microsatellite
instability/deficient mismatch repair tumors.’” Adoptive
immunotherapy involves the administration of immune
cells expanded and modified in ex vivo culture. Most
treatments have focused on chimeric antigen receptor
T (CAR-T) cell therapy. However, other technologies
including dendritic cell (DC) therapy, natural killer
(NK) cell therapy, and cytokine-induced killer cell (CIK)
therapy are being studied. Unlike immune checkpoint
inhibitors, none of the adaptive immunotherapy prod-
ucts are Food and Drug Administration approved for
CRC treatment.®

CIK therapy is an autologous, adoptive immunotherapy
generated by expanding a heterogeneous population of
immune effector cells from peripheral blood mononu-
clear cells (PBMCs).” The cell therapy product contains
conventional T cells (CD3+CDb56-), natural killer (NK)-
like T cells (CD3+CD56+), and NK cells (CD3-CD56+)."°
NK-like T cells are considered the main effector cells
in CIK therapy, being able to recognize tumor cells in
a major histocompatibility complex class I unrestricted
manner.'" ¥ Hence, guidelines for CIK therapy patient
transfusion require that the cell therapy product contain
at least 40% of NK-like T cells.”” While CIK therapy is
normally combined with conventional chemotherapy,
multiple trials which combine CIK therapy with other
immunotherapies are being investigated. One of the
more popular combinations is combining CIK therapy
with autologous DC therapy (DC-CIK therapy) with
reports suggesting an improvement in antitumor
activity."* China has been a leader in CIK therapy trials
for multiple solid tumors, and CIK therapy is commonly
prO\iidlgd for CRC treatment in some Chinese hospi-
tals."”

To date, there is a plethora of publications of varying
study quality examining the clinical benefit of CIK therapy
for CRC. The latest systematic review investigating the
clinical efficacy of CIK therapy with chemotherapy in
patients with CRC was published in 2017.'° Since then
more studies have been published that support its clinical
benefit,' " warranting an updated systematic review to
consolidate the evidence for CIK therapy in CRC manage-
ment. Many of the reports originate in China and are
written in Chinese. The objective of this work, therefore,
is to systematically assess by meta-analysis the available
literature on CIK therapy for the management of CRC,
written in either English or Chinese. It includes both
prospective and retrospective studies and also analyzed
the benefit of parameters commonly modified in trials,

such as the addition of DCs (DC-CIK therapy) or chemo-
therapy regimens.

METHODS

This systematic review and meta-analysis was performed
according to the Preferred Reporting Items for System-
atic Reviews and Meta-analysis statement.”!

Study selection and search

Studies which compared efficacy of CIK therapy, with or
without another anticancer treatment, with no treatment
or non-CIK anticancer treatment in adult patients with
CRC diagnosis were identified on MEDLINE, Embase,
China National Knowledge Infrastructure (CNKI), and
Wanfang Data databases. CNKI and Wanfang Data were
included as there were multiple studies published in
Chinese alone, which were not registered with Embase
or MEDLINE. The search strategy for Embase and
MEDLINE is described in online supplemental tables S1
and S2, respectively. For CNKI and Wanfang Data, the
following search keywords were used: “cytokine-induced
killer cells,” “CIK,” “rectal cancer,” “colorectal cancer,”
“colon cancer,” and “clinical trials.” No limits were placed
on the language in which studies were published and the
final search was performed in July 2022. Both prospective
and retrospective studies with a parallel-arm design were
considered, and the CIK therapy arm included patients
who received CIK or DC-CIK (CIK/DC-CIK) therapy.
Studies that did not report efficacy endpoints were
excluded from this systematic review.

Data extraction and quality assessment

Data collection was performed independently by two
authors, and discrepancies were resolved by discussion.
For studies reported in Chinese, authors who are native
to the Chinese language performed the data extraction
and translated them into English for collation. The
following information was extracted: (1) study character-
istics: study design, study site, and recruitment period; (2)
patient and disease characteristics: number of patients,
age, gender, primary tumor location, and tumor stage;
(8) study intervention: type of CIK therapy and non-
CIK anticancer therapy received; (4) clinical efficacy
endpoints: overall survival (OS); progression-free survival
(PFS); l-year, 3-year, and b5-year OS rates; l-year, 3-year,
and 5-year PFS rates; and overall response rate (ORR);
and (b) toxicity.

For studies where patients received curative-intent
treatment, disease-free survival (DFS) and DFS rates
were extracted as PFS and PFS rates. Risk of bias was
assessed for the following domains and graded as high,
low, or unclear: (1) random sequence generation, (2)
allocation concealment, (3) blinding of participants
and personnel, (4) blinding of outcome assessment, (5)
imbalance in baseline characteristics, (6) incomplete
outcome data, and (7) uniformity of non-CIK/DC-CIK
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anticancer treatment administered between intervention
and control arms.

Data synthesis and analysis

Review Manager 5.4.1% was used for pooling data at
the study level and statistical analysis. For the multi-
intervention-arm study, the control arm was split equally
into each intervention arm, so that each pairwise compar-
ison can be entered separately. Pooled estimates of effect
were expressed as a HR calculated using an inverse vari-
ance model for OS and PFS, and risk ratios (RRs) were
calculated using the Mantel-Haenszel model for survival
rates and ORRs. When individual studies did not describe
OS and/or PFS HRs and associated 95% CIs, they were
estimated from the published Kaplan-Meier curves using
a previously described method.” ** The HR and 95% CI
were estimated under the assumption of Gaussian distri-
bution for the study that reported median PFS with a
p-value.”

As heterogeneity due to clinical diversity was expected
to be high, a random-effects model was used for all the
quantitative analyses performed in this review. Heteroge-
neity across studies was further assessed by visual inspec-
tion and statistical using chi-square (x?) test and I-squared
(I°) statistics for each analysis. A p-value threshold of 0.10
was employed to determine statistical significance for
% test, and I? of 30% or less was considered to be a low
degree of heterogeneity, 30% to 60% to be a moderate
degree, and 60% or more to be a high degree.

Subgroup analyses were carried out on OS and PFS
endpoints to investigate possible sources of heterogeneity.
The following subgroup analyses were performed in this
review: (1) quality of study design: randomized studies
versus non-randomized studies, (2) cancer staging: Stage
I-IIT after resection of primary versus Stage IV (unresect-
able, metastatic, or recurrent) CRC, (3) CIK therapy type:
CIK therapy versus DC-CIK therapy, and (4) CIK therapy
administration timing in relation to other anticancer
therapy: concurrent versus sequential. The subgroup
interactions were tested by using the formal statistical test,
x” test, with significance set at 10%.

RESULTS

Search results

Through our electronic search, 333 records were iden-
tified: 129 from Embase, 38 from MEDLINE, 60 from
CNKI, and 106 from Wanfang Data. After removing
duplicate publications and studies in which titles and/
or abstracts indicated were ineligible, 106 records were
assessed in detail. An additional 36 records were excluded
for only a single study arm, lack of information on clin-
ical efficacy endpoints of interest, overlapping patient
cohorts with another publication, being unable to extract
data specific to patients with CRC, inability to locate orig-
inal abstracts or full-text articles, patients in all study arms
receiving CIK therapy, and patients in the control arm
being healthy subjects. Thus, 70 studies containing 16

English!'"" *%7 and 44 Chinese® *** language articles
were selected for study synthesis (figure 1).

Study and patient characteristics

Standardized study cohorts are summarized in
table 1. Two studies'™ * were abstracts with the rest
being full-text articles. All studies were single-center

studies performed in mainland China. Fifty-four
. 95— 9 15 . | H—| 3-793 78! R
studies2527 30 32 34 35 38-40 42-51 53 55-61 6373 75 76 78-8183-80 01 . .

. . s 33 5
prospective and 15Stud16517 20 29 33 36 37 41 52 54 62 74 77 82

were
retrospective in nature. Of the prospective studies, 38'°

27 28 31 35 36 38 39 43-46 48 49 51 52 56 58 60-62 64-68 71-74 79-82 84 86 88 90

were randomized controlled studies.

Overall, 6743 patients with CRC, 3203 in CIK therapy
(intervention) arm, and 3540 in non-CIK therapy
(control) arm were available for analysis. The median
age ranged from 43.2 to 80.0 years old with the youngest
being 18 and the oldest being 92 years old. For studies
which provided the patient’s gender, 3592 out of 6017
patients (59.7%) were males. Primary tumor location
was reported in 30 studies, with 1657 colon and 1744
rectum cancer patients. Patients with CRC diagnosed
with all cancer stages were considered for analysis.
Three studies evaluated purely patients with Stage III
CRC,E0 5265 while 29 studies evaluated patients with
Stage IV CRC,20 202830 35 5740 44.46 45 51 57 55 60 66-68 7376 75 5283
85 8789 The remaining studies considered patients with
multiple stages. Among patients with known cancer
stages, 3109 (66.6%) of them had Stage IV disease,
comprising the largest group followed by 1148 patients
(24.5%) with Stage III disease, 375 patients with Stage
II disease, and 46 patients with Stage I disease. Cancer
staging for the remaining 1672 patients was either
unknown or reported in ranges.

Interventions

In 25 studies,
patientsin theintervention armreceived CIK therapy, while
in 45 studies!? 25 27 30 3137 40-43 46 50-53 55 57-62 64-68 70-72 74 76-84
868991 DC-CIK therapy was administered. Chemotherapy
was the most common cotreatment with CIK or DC-CIK
therapy, being used in 66 studies,'”20 25-27 29-53 5578 80-88 91
The most commonly used chemotherapy regimens were

FOLFOX and XELOX, being administered in 43'7 '®
26 30-32 34-38 40 42 44 47 49 50 54 56-65 6870 72-75 77 78 81-84 87 90 _ 4

2417 27 28 31 32 34 35 37 39-41 46 57 66 69 71 85 86 88

17 18 20 26 28 29 32-36 38 39 44 45 47-49 54 56 63 69 73 75 85

studies, respec-
tively. Other less commonly used regimens included
5-fluorouracil monotherapy in six studies,” ** % % 53 77
capecitabine monotherapy in seven studies,'” %30 5356 75 82
FOLFIRI in eight studies,'" 2" 1 674708186 31, d FOLFOXIRI
in two studies.”* *® In total, 2847 patients in the inter-
vention arm and 3033 patients in the control arm were
confirmed to have received chemotherapy as a part of the
study intervention. In 10 studies, local therapy was admin-
istered together with CIK/DC-CIK therapy: radiofre-
quency ablation in three studies,”"** radiotherapy in six
studies,19 4750 5456 77 ansarterial chemoembolization in
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129 records identified through Embase
38 records identified through MEDLINE

60 records identified through CNKI

106 records identified through Wanfang

227 records excluded for

- Identical or related publications for the

!

same study

333 records screened

- Titles and/or abstracts indicated ineligible

J [ Screening ] [ |dentification ]

36 abstracts or full-text articles
excluded for

- Studies with a single arm (n=10)

- No clinical efficacy data reported
(n=13)

- Overlapping of study patients with
another publication (n=4)

- Studies where data specific to
colorectal cancer patients cannot be
extracted (n=3)

- Unable to find abstracts or full-text
articles (n=2)

- Case report studies (n=2)

- 29 studies from Embase and MEDLINE *| healthy subjects (n=1)

- Patients in all Study arms received
CIK therapy (n=1)

- Patients in control arm being

Figure 1 Flow chart of study selection.

one study,88 and microwave hyperthermia in one study.54
In two studies, some or all patients in the intervention
arm received CIK/DC-CIK therapy alone. '™

Risk of bias assessment

Risk of bias assessment is shown in online supple-
mental figure 1. Among the 38 studies reported to
be prospective randomized controlled studies, only
nine studies”” *2 % #5960 Jeseribed the method of
randomization and no study discussed allocation conceal-
ment. None of the included studies provided clarity on
the blinding of patients, study personnel, or investiga-
tors. However, it was considered unlikely that a lack of
blinding would affect the clinical efficacy endpoints eval-
uated in the review, namely OS, PFS, OS rate and PFS
rate, and ORR. All the studies were thus assessed to be
at low risk of performance and detection bias secondary
to insufficient blinding. Demographic and clinical
characteristics of patients were generally well-balanced
across the studies. Four studies'® *’ * *® were at unclear
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106 abstracts or full-text articles
assessed for eligibility
- 77 studies from CNKI and Wanfang
-/
(E—
70 studies included in qualitative
synthesis
- 16 studies in English language
=}
.g - 54 studies in Chinese language
=
18]
£
70 studies included in
quantitative synthesis
(meta-analysis)
_

risk of selection bias due to a lack of patient character-
istics information across treatment arms. Imbalance in
age, cancer stage, and history of primary cancer resec-
tion were noted for three studies,17 3637 and they were
similarly assessed to be at unclear risk of selection bias.
An unclear risk of performance bias due to uncertainty
around uniformity of non-CIK/DC-CIK treatment across
the intervention and control arms was identified in 21
studies!® 20273038 3741 4246 5051 5356 60 74 77-T981 8286 2 1) (1o
studies except one failing to adequately describe study
interventions or the proportion of patients receiving
various interventions. In the remaining one study,”
patients in the intervention arm received DC-CIK therapy
alone, while those in the control arm received the best
supportive care. The risk of attrition bias was rated
unclear for 18 studies 720 26 28 30 32 34-38 40 66 77 81 83 88 .
did not reveal the number of patients lost in follow-up
and for one study™ in which 18.8% of patients withdrew
from the study prematurely.
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A

CIK +/-DC Control Hazard Ratio Hazard Ratio
Study or Subgroup __log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chao 2016 -0.8675 0.3072 33 33 24% 0.42[0.23,077]
Gao 2014 -1.6607 0.5423 13 13 08% 0.19[0.07, 0.55]
Li2015 -0.3857 0.1994 65 65 53% 0.68[0.46,1.01] -
Li2016 0.5068 0.6892 30 30 05% 1.66 [0.43, 6.41] —
Li2022 -0.5621 0.2345 66 Il 4.0% 0.57 [0.36, 0.90] —_—
Lin 2016 -0.6162 01101 134 121 13.0% 0.54[0.44, 0.67] -
Liu 2014b -1.7148 06535 9 9 06% 0.18[0.05, 0.65]
Liu 2016¢ -0.1165 0.2364 45 45 39% 0.89[0.56, 1.41] b
Lv 2014 -0.2107 04281 43 42 1.3% 0.81[0.35,1.87] I
Pan 2020a -0.7765 0.1685 126 126 7.0% 0.46[0.33, 0.64] i
Pan 2020b -0.9943 0.3739 60 62 1.7% 0.37[0.18,077] —_—
Peng 2017 -1.1087 05231 23 23 09% 0.33[0.12,092]
Pu 2021 -0.7765 033189 49 49 21% 0.46[0.24, 0.88] -
Rui 2012 -0.5798 0.2398 45 45 39% 0.56 [0.35, 0.90] -
Wang 2019 -0.6675 0.2164 97 280  46% 0.51[0.34,0.78] —_—
Weng 2013 -0.3711 01542 124 111 8.1% 0.69[0.51,0.93] -
Wu 2018 -0.462 0.1949 62 70 55% 0.63[0.43,092] I
Xie 2017 -0.478 0.1669 Il i 71% 0.62[0.45, 0.86] -
Hu 2021 -0.0202 0.3186 18 35 23% 0.98[0.52,1.83] T
Yin 2013 -0.4005 0.2263 40 40 43% 0.67[0.43,1.04] ]
Ying 2010 -0.478 02919 51 51 27% 0.62[0.35,1.10] ]
Zhang 2014 -0.9163 0.4074 30 30 1.4% 0.40[0.18,0.89] ne—
Zhang 2015 -0.4943 0.2282 42 42 42% 0.61[0.39, 0.95] n—
Zhang 2022 -0.3011 0.2209 45 45 45% 0.74[0.48,1.14] T
Zhao 2016 -0.478 01987 61 61 5.3% 0.62[0.42,092] ]
Zhu 2014 -0.6349 0.3077 100 251 24% 0.53[0.28,0.97] I
Total (95% CI) 1482 1821 100.0% 0.59 [0.53, 0.65] L]
Heterogeneity: Tau®= 0.01; Chi*= 28.16, df= 25 (P = 0.30); F=11% 5001 051 150 o0 |
Test for overall effect: Z= 10.68 (P < 0.00001) ' Favours CIKIDC-CIK  Favours non-CIKIDC-CIK

B

CIK+/-DC Control Hazard Ratio Hazard Ratio
Study or Subgroup __log[Hazard Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Du 2013 -0.4308 0198 30 30 58% 0.65[0.44, 0.96]
Gao 2014 -1.6094 0.5161 13 13 17% 0.20[0.07, 0.59]
Li2015 -0.2485 01512 65 B5  71% 0.78[0.58, 1.05] -7
Liz2018 -0.5447 02577 30 30 45% 0.58 [0.35, 0.96]
Liz022 -0.5108 0233 66 il 5.0% 0.60[0.38, 0.95] -
Lin 2016 -0.6931 0.1268 134 121 77% 0.50[0.39, 0.64] -
Liu 2016¢c -1.1087 0.3093 45 45  36% 0.33[0.18, 0.61] Im—
Pan 2020a -0.5798 0.1468 126 126 7.2% 0.56[0.42,0.75] -
Wang 2019 -0.4813 01874 97 280 B.1% 0.62[0.43, 089 -
Weng 2013 -1.3093 01793 124 1 6.3% 0.27[0.18,0.39] -
Wu 2018 -0.5621 0.1936 62 70 59% 0.57 [0.39, 0.83] -
Xie 2017 -0.4943 01984 Il " 5.8% 0.61[0.41,0.90] -
Hu 2021 -0.5798 0.2855 16 47 40% 0.56 [0.32,0.98] -
Yin 2013 -0.3857 0.2338 40 40 50% 0.68[0.43,1.09] I
Ying 2010 -0.3711 02413 51 51 48% 0.69[0.43,1.11] T
Zhang 2014 -1.5606 0.4924 30 30 1.8% 0.21 [0.08, 0.55]
Zhang 2015 -0.6538 0.2477 42 42 47% 0.52[0.32,0.859) _—
Zhang 2022 -0.5276 0.1983 45 45  58% 0.59[0.40,087] -
Zhao 2016 -0.1863 0.1829 61 61 6.2% 0.83[0.58,1.19] -
Zhu 2013 -1.273 0.6014 2 75 1.3% 0.28[0.08,0.91]
Total (95% CI) 1169 1424 100.0% 0.55[0.47, 0.63] L
Heterogeneity: Tau®= 0.05; Chi*= 41.71, df= 19 (P = 0.002); F= 54% =[|01 D=1 1=D 1[|[|=

Test for overall effect: Z=8.28 (P < 0.00001)

Favours CIK/IDC-CIK  Favours non-CIK/DC-CIK

Figure 2 Comparison of CIK/DC-CIK therapy versus non-CIK/DC-CIK therapy for (A) overall survival (OS) and (B) progression-
free survival (PFS). Twenty-six studies involving 3,303 patients and twenty studies involving 2,593 patients contributed data to
OS and PFS analysis respectively. CIK, cytokine-induced killer cell; DC, dendritic cell.

Overall survival and progression-free survival

There were 26 studies'” 19 20 2729 32 33 36 38 39 41 43 47 48 53 55-57
6065 67.75 7779 81 86 involving 3303 patients which contrib-
uted data to the meta-analysis on OS (figure 2A). The
pooled HR was 0.59 (95% CI: 0.53 to 0.65) indicating
the OS benefit of CIK/DC-CIK therapy over the control
arm. Heterogeneity among the studies was low (I'=11%,
p=0.30). For PFS, 20 studies 520 26-30 33-36 56 62 72 7476 77 82 84
involving 2593 patients contributed the data to the meta-
analysis (figure 2B). The pooled HR was 0.55 (95% CI:
0.47 to 0.63), again favoring CIK/DC-CIK therapy.
Heterogeneity among the studies was moderate (I'=54%,
p=0.002).

Overall survival rates

In total, 27 (2459 patients),!” 19 20 27 20 32 33 36
38 30 41 43 4749 53 55-57 60 63 67 75 77 79 81 86 g (9167
patients), 720 27-20 33 35 36 38 39 41 48 4956 67 7756 g 1() (1401
patients) "% 2729 35 36 4156 gidies contributed data for
l-year, 3-year, and 5-year OS rate meta-analyses, respec-
tively (online supplemental figure 2). The pooled RR for
all the analyses favored CIK/DC-CIK therapy. The 1l-year
OS rate was 91.7% in the intervention arm and 79.4% in

the control arm with a pooled RR of 0.47 (95% CI: 0.32
to 0.67). Heterogeneity among the studies was moderate
(I'=51%, p=0.002). The 3-year OS rate was 67.7% in the
intervention arm and 51.8% in the control arm with a
pooled RR of 0.67 (95% CI: 0.59 to 0.77). There was a
moderate level of heterogeneity among the studies
(I'=82%, p=0.09). The 5-year OS rate was 61.2% in the
intervention arm and 45.5% in the control arm with an
RR of 0.69 (95% CI: 0.54 to 0.88). Heterogeneity among
the studies was high (I'=73%, p=0.0001).

Progression-free survival rates

We identified 10 (1166 patients),'” 9202729 3336375677 1)
(1156 patients),'” 1920 272933355677 5y 4 7 (872 patients)
studies'” 1920 2729 3356 hat contributed data for meta-
analysis on l-year, 3-year, and 5-year PFS rates, respec-
tively (online supplemental figure 3). All the analyses
indicated the superiority of CIK/DC-CIK therapy over
non-CIK/DC-CIK therapy. The observed l-year PFS
rate was 86.5% in the intervention arm and 68.1% in
the control with the pooled RR of 0.43 (95% CI: 0.33
to 0.55). Heterogeneity among the studies was low
(I'=0%, p=0.48). The 3-year PFS rate was 47.8% in the
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CIK +/-DC Control Risk Ratio (Non-event) Risk Ratio (Non-event)
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bian 2013 29 42 21 42 2.2% 0.62[0.36,1.07] ——
Cai 2017 28 45 15 45 26% 0.57 [0.37,0.87] -
Chen 2014a 16 30 13 30 2.4% 0.82[0.50, 1.35] -
Chen 2014b 35 50 2 50 2.4% 0.52[0.32, 0.84] -
Chu 2016 (1) 25 29 g 14 1.1% 0.30[0.10,0.85]
Chu 2016 (2) 16 30 715 20% 0.88 [0.48, 1.61] —1
Deng 2018 27 30 18 30 1.0% 0.25[0.08, 0.80]
Dong 2018 6 20 5 20 27% 0.93 [0.64,1.37] -
Du 2013 12 30 1" 30 27% 0.95 [0.64, 1.41] -
Fan 2013 38 41 30 40 0.9% 0.29[0.09, 0.99]
Feng 2017 22 25 16 25 0.9% 0.33[0.10,1.09] T
Guo 2019 27 34 20 34 1.6% 0.50(0.23,1.08] /T
He 2018 43 50 N 50 1.6% 0.37[0.17,0.80] —_—
Jiang 2016 34 50 19 48 2.5% 0.53[0.33, 0.84] _—
Leng 2016 43 45 37 45 0.7% 0.25[0.06,1.11] T
Liu 20162 24 29 15 29 1.4% 0.36 [0.15, 0.86] —
Liu 2016h 24 40 23 40 2.3% 0.94 [0.56, 1.59] T
Liu 2016¢ 14 45 10 45 31% 0.89[0.69,1.14] -T
Liu 2019 2 35 1" 35 2.5% 0.58[0.37, 0.93] e
Liu 2020 29 34 20 34 1.4% 0.36[0.14,0.88] —_—
Lv 2014 29 43 26 42 21% 0.85[0.48,1.52] e
Ma 2019 2 25 12 25 1.2% 0.31[012,081] —
Niu 2016 17 25 9 25 1.9% 0.50 [0.26, 0.95] E—
Pu 2021 33 49 18 49 2.5% 0.52[0.33,0.81] -
Sun 2020 26 30 20 30 1.1% 0.40([0.14,1.14] ne—
Wang 2014 36 55 28 55 2.5% 0.70 [0.45,1.11] 7
Wang 2016 28 52 22 52 27% 0.80[0.55,1.16] -
Wang 2017 20 34 10 34 25% 0.58[0.37,0.92] -
Weng 2013 40 124 25 1M 3.3% 0.87[0.75,1.02] 1
Weng 2014 3 48 5 48 33% 0.91[0.77,1.07] =
Wu 2018 38 62 19 70 2.8% 0.53[0.38,0.75] e
Yan 2014 32 74 10 42 31% 0.74 [0.57,0.97] -
¥in 2013 15 40 9 40 3.0% 0.81 [0.60, 1.08] 7
Yuan 2016 9 20 7 20 2.3% 0.85[0.51,1.41] -
Yue 2016 1 55 1) 55 3.4% 0.98 [0.93, 1.03]
Zang 2019 40 45 3 45 1.3% 0.36[0.14,0.91] —
Zhang 2011 21 32 13 31 2.2% 0.59[0.34,1.04] ]
Zhang 2015 19 42 12 42 28% 0.77 [0.55,1.07] 7
Zhang 2016 30 65 2 47 2.8% 0.97 [0.69,1.37] -1
Zhang 2017 32 59 20 59 29% 0.69 [0.50, 0.97] —
Zhao 2015 15 15 15 15 Mot estimahble
Zhao 2016 10 54 4 51 3.3% 0.88[0.76,1.03] 1
Zhao 2018 43 45 35 45 0.7% 0.20 [0.05, 0.86]
Zhao 2019 47 73 10 78 2.9% 0.41[0.30, 0.57] e
Zhou 2015 14 30 3 30 26% 0.76 [0.51,1.15] -
Zhou 2016 21 45 10 45 2.9% 0.69 [0.50, 0.94] —
Total (95% CI) 1975 1885 100.0% 0.65 [0.57, 0.74] ¢+
Total events 1159
Heterogeneity: Tau®= 0.14; Chi*= 289.79, df= 44 (P < 0.00001); *= 85% 0 I=J1 Ul‘l 150 160

Testfor overall effect: Z= 6.28 (P < 0.00001)

Favours CIKIDC-CIK Favours non-CIKIDC-CIK

Figure 3 CIK/DC-CIK therapy versus non-CIK/DC-CIK therapy for overall response rate (ORR). Forty-five studies involving
3,860 patients contributed data to ORR analysis. *Study Chu 2016 appears twice in the figure as it contained 3 treatment arms
and data were entered separately for CIK + chemotherapy versus chemotherapy (Chu 2016 (1)) and CIK versus chemotherapy
(Chu 2016 (2)) by splitting the chemotherapy group into 2 subgroups, one for each CIK + chemotherapy and CIK treatment. CIK,

cytokine-induced killer cell; DC, dendritic cell.

intervention arm and 30.5% in the control arm. The
pooled RR was 0.76 (95% CI: 0.66 to 0.87) and hetero-
geneity among the studies was moderate (I'=53%,
p=0.02). At 5 years, the PFS rate was 46.0% in the inter-
vention arm and 25.9% in the control arm. The pooled
RR was 0.71 (95% CI: 0.59 to 0.87) and heterogeneity
among the studies was high (I'=68%), p=0.005).

Overall response rate

The ORR was 58.7% in the intervention (CIK/DC-CIK)
and 39.8% in the control (non-CIK/DC-CIK) arm for 3860
patientsfrom45stu g2 2031354042-4750-5459-6668-76 78-8385-8091
(figure 3). The pooled RR was 0.65 (95% CI: 0.57 to 0.74),
and heterogeneity among the studies was high (I'=85%,
p<0.00001).

Toxicity

Toxicity during the study intervention was reported by 31
studies with the majority of the data being provided in a
descriptive manner. Two studies'® compared the rate of
any adverse events between the treatment arms, and 11
studies® ¥ 3940 4254596068 10879y 1ted adverse events of
interest for each arm. Many of the described side effects

were thought to be related to chemotherapy admin-
istered together with CIK/DC-CIK therapy, including
bone marrow suppression, nausea, vomiting, neurop-
athy, diarrhea, and liver dysfunction. Meta-analysis
undertaken indicated equivalent adverse event rate from
CIK/DC-CIK and non-CIK/DC-CIK therapy (HR=0.59,
95% CI: 016 to 2.25) with the pooled adverse event
rate of 53.5% and 68.3%, respectively (online supple-
mental figure 4). Heterogeneity was high between the
studies (I°=80%, p=0.02). Fever was the most frequently
reported adverse event associated with CIK/DC-CIK
infusion, affecting 6.7% to 29.9% of patients receiving
CIK/DC-CIK therapy. Fever, in general, spontaneously
resolved or only required symptomatic management.

Subgroup analyses

Potential sources of heterogeneity were explored by
performing subgroup analysis on OS and PFS by study
design (randomized vs non-randomized study design),
disease stage (Stage I-III vs Stage IV), CIK therapy type
(CIK vs DC-CIK therapy), or timing of CIK/DC-CIK
therapy administration (concurrent vs sequential with
coadministered anticancer therapy).
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Randomized studies versus non-randomized studies

Of the 25 studies which provided OS HRs, 8
studies™ 2 3t % 63 66 67 72 involving 991 patients
were prospective randomized studies and 17

17-20 27 29 33 37 41 56 58 62 74 76 77 82 84

studies involving 2252

patients were either prospective non-randomized or retro-
spective studies. An OS benefit of CIK/DC-CIK therapy
was demonstrated for both randomized studies (HR=0.57;
95%CI: 0.50 to 0.66) and non-randomized studies
(HR=0.59, 95% CI: 0.51 to 0.67) (figure 4A). A test for

A
CIK+/-DC Control Hazard Ratio Hazard Ratio

Study or Subgroup  log[Hazard Ratio] SE Total Total Weight IV,R 95% CI IV, R: 95% CI
2.2.1 Randomised
Lin 2016 -0.6162 01101 134 121 143% 0.54 [0.44, 0.67] -
Lv 2014 -0.2107 0.4281 43 42 1.2% 0.81[0.35,1.87] I
Peng 2017 -1.1087 0523 23 23 0.8% 0.33[0.12, 0932
Pu 2021 -0.7765 03319 49 49 2.0% 0.46 [0.24, 0.88] —_—
Rui 2012 -0.5798 0.2398 45 45 3.8% 0.56 [0.35, 0.90] —_—
Weng 2013 -0.3711 0.1542 124 11 8.3% 0.69 [0.51, 0.93] -
Zhang 2014 -0.9163 0.4074 30 30 1.4% 0.40[0.18, 0.89]
Zhao 2016 -0.478 0.1987 61 61 5.3% 0.62[0.42, 0932 I
Subtotal (95% CI) 509 482 37.2% 0.57 [0.50, 0.66] ¢
Heterogeneity: Tau®= 0.00; Chi*= 4.89, df= 7 (P = 0.67); F= 0%
Testfor overall effect: Z=7.69 (P < 0.00001)
2.2.2 Non-randomised
Chao 2016 -0.8675 0.3072 33 33 2.4% 0.42[0.23,0.77] e
Gao 2014 -1.6607 0.5423 13 13 0.8% 0.19[0.07, 0.55]
Li 2015 -0.3857 0.1994 65 65 5.3% 0.68 [0.46, 1.01] -
Li2022 -0.5621 0.2345 66 71 3.9% 0.57 [0.36, 0.90] En—
Liu 2014b -1.7148 0.6535 9 9 0.5% 0.18[0.05, 0.65]
Liu 2016¢ -0.1165 0.2364 45 45 3.9% 0.89[0.56, 1.41] I
Pan 2020a -0.7765 0.1685 126 126 T1% 0.46 [0.33, 0.64] I
Pan 2020b -0.9943 0.3739 60 62 1.6% 0.37[0.18,0.77]
Wang 2019 -0.6675 0.2164 97 280 4.6% 0.51[0.34, 0.78] —_—
Wu 2018 -0.462 0.1949 62 70 5.5% 0.63[0.43, 092 -
Xie 2017 -0.478 0.1669 71 71 7.3% 0.62 [0.45, 0.86] -
Xu 2021 -0.0202 0.3186 18 35 2.2% 0.98[0.52,1.83] I
Yin 2013 -0.4005 0.2263 40 40 4.2% 0.67[0.43,1.04] —
Ying 2010 -0.478 0.2919 51 a1 26% 0.62[0.35,1.10] ma—
Zhang 2015 -0.4943 0.2282 42 42 41% 0.61 [0.39, 0.95] —
Zhang 2022 -0.3011 0.2209 45 45 4.4% 0.74[0.48,1.14] T
Zhu 2014 -0.6349 0.3077 100 251 2.4% 0.53[0.29, 0.97] ]
Subtotal (95% CI) 943 1309 62.8% 0.59[0.51, 0.67] ¢
Heterogeneity: Tau®*= 0.02; Chi*= 20.88, df=16 (P=0.18); F=23%
Test for overall effect. Z=7.73 (P < 0.00001)
Total (95% Cl) 1452 1791 100.0% 0.58[0.53, 0.64] [
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Figure 4 Subgroup analysis by study design for (A) overall survival (OS) and (B) progression-free survival (PFS). Twenty-
five studies involving 3,243 patients and nineteen studies involving 2,533 patients contributed data to OS and PFS analysis

respectively.
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subgroup difference did not reach statistical significance
(I'=0%, p=0.80). For PFS subgroup analysis, 732 patients
from five randomized studies® ** ***° ” and 1801 patients
from 14 non-randomized studies 820 272033 3656627476 77 8284
were analyzed. A benefit from CIK/DC-CIK therapy was
again shown for both prospective randomized (HR=0.47,
95%CIL: 0.31 to 0.72) and non-randomized studies
(HR=0.59, 95% CI: 0.47 to 0.63) (figure 4B). A test for
subgroup differences was not statistically significant
(I'=4.5%, p=0.31).

Stage I-Il versus Stage IV

Four studies® % %77 involving 363 patients with Stage I-
I CRC and 12 studies® 28 305335 3758 66 67747682 4,6 |ying
1595 Stage IV patients contributed data to the subgroup
analysis on OS by the disease stage. HR for Stage I-III
patients was 0.64 (95% CI: 0.48 to 0.85), while that for
Stage IV patients was 0.57 (95% CI: 0.50 to 0.65) and
the benefit of CIK/DC-CIK therapy was observed across
all stages of CRC (online supplemental figure 5A).
Test for subgroup differences failed to reach statistical
significance (I'=0%, p=0.48), although the observed
95% CI was much narrower for Stage IV patients. For
the subgroup analysis on PFS, four studies” ** %6 77
involving 321 patients with Stage I-III disease and eight
studies®’ 2028 3035 7476 82 involving 1045 Stage IV patients
were analyzed. A benefit from CIK/DC-CIK therapy was
demonstrated for both Stage I-1II (HR=0.60, 95% CI:
0.40 to 0.88) and Stage IV disease (HR=0.59, 95% CI:
0.52 to 0.67) (online supplemental figure 5B). A test
for subgroup difference was not statistically significant
(I'=0%, p=0.94).

CIK therapy versus DC-CIK therapy

Ten studies'” '8 20 282952313556 63 (1391 hagients) and 16
studies!® 273033 87 41 586266 67 72 7476 77 8281 (1919 patients)
which evaluated CIK and DC-CIK therapy, respectively,
were assessed in the subgroup analysis on OS by the type
of CIK therapy. HR for studies examining CIK therapy
was 0.57 (95% CI: 0.47 to 0.69), while that for studies
examining DC-CIK therapy was 0.61 (95% CI: 0.54 to
0.69) (figure 5A). Both types of CIK therapy were found
to benefit OS. A test for subgroup differences did not
reach statistical significance (I'=0%, p=0.58). Subgroup
analysis on PFS by CIK therapy type contained nine
studies'® 0 20 28 29 356 56 jy0lving 1294 patients, where
the intervention arm contained CIK therapy, and 11
studies'? 27 30 33 62 72 THT6 TT82 84 u0lving 1299 patients,
where the intervention arm contained DC-CIK therapy.
PFES benefit was demonstrated for both CIK-examining
(HR=0.63, 95% CI: 0.53 to 0.74) and DC-CIK-examining
studies (HR=0.50, 95% CI: 0.41 to 0.61) (figure 5B). A
test for subgroup differences met statistical significance
(I2=66.5%, p=0.08) with improved HR seen for DC-CIK,
although HRs for the two subgroups overlapped each
other, suggesting that the advantage of DC-CIK over CIK
therapy alone may not be clinically meaningful.

Concurrent CIK/DC-CIK therapy versus sequential CIK/DC-CIK
therapy

Subgroupanalysiswas performed comparingstudieswhere
CIK/DC-CIK therapy was administered either concur-
rently or sequentially with the non-CIK/DC-CIK therapy.
For OS analysis, 16 studies'? 20283335 37 4156 58 62 63,6772 74 8284
involving 2000 gatients with concurrent administration
and 8 studies'” 272930 32346677 involving 846 patients with
sequential administration were considered (figure 6A).
CIK/DC-CIK therapy administered in either manner
improved OS; the HR was 0.63 (95% CI: 0.56 to 071) for
concurrent administration and 0.59 (95% CI: 0.53 to 0.65)
for sequential administration. A test for subgroup differ-
ences reached statistical significance (I'=76.3%, p=0.04)
with lower HR being observed for sequential administra-
tion, although 95% CIs of the two subgroups overlapped
each other. Subgroup analysis on PFS was similarly in favor
of CIK/DC-CIK therapy for both concurrent (HR=0.56,
95%CI: 0.46 to 0.67) and sequential administration
(HR=0.54, 95%CIL: 0.46 to 0.63) (figure 6B). Twelve
studies'? 20202833 3556627274 8284 involving 1460 patients who
had concurrent administration and five studies”” 2 * %77
involving 580 patients who had sequential administration
were evaluated, and a test for subgroup differences did
not meet statistical significance (I'=0%, p=0.43).

DISCUSSION

Chemotherapy with/without biological therapy remains
the standard treatment for patients with CRC with the
high-risk resected disease, and the majority of those
with advanced disease. This therapeutic approach is
associated with limited survival benefit, unlike immu-
notherapy, which has demonstrated long-term survival
outcome in some solid tumors owing to its mechanism
of action.”” New therapeutic approaches which involve
modulation of the immune system may provide new treat-
ment options for a broader range of patients with CRC
and improve their survival outcome. Autologous adop-
tive immunotherapy such as CIK therapy represents a
highly personalized cancer treatment. While it remains
a non-standard treatment option for solid cancers, there
are a growing number of clinical trials examining such
immunotherapy.”

Our study demonstrated that providing CIK or DC-CIK
therapy to patients with CRC improved OS, PFS, and
ORR compared to standard treatment. The upper 95% CI
of pooled HRs for 5-year OS rate and 3-year and 5-year
PFS rates exceeded 0.85, a commonly applied cut-off to
delineate no effect from an important effect, raising the
possibility that the observed benefit for these endpoints
may not be precise. However, for all the other endpoints,
the observed HRs favoring CIK/DC-CIK therapy
appeared robust. The OS and PFS benefit of CIK/
DC-CIK therapy persisted when prospective randomized
studies alone were examined in the subgroup analysis,
with no subgroup differences being identified compared
with non-randomized studies. While the number of

Li CMY, et al. J Immunother Cancer 2023;11:006764. doi:10.1136/jitc-2023-006764
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Test for overall effect: Z=8.28 (P < 0.00001)
Testfor subaroun differences: Chi*= 2.98, df=1 (P = 0.08), F= 66.5%

0.01

01 10 0
Favours CIK/DC-CIK  Favours non-CIK/DC-CIK

Figure 5 Subgroup analysis by CIK therapy type (with or without DC therapy) for (A) overall survival (OS) and (B) progression-
free survival (PFS). Twenty-six studies involving 3,303 patients and twenty studies involving 2,593 patients contributed data to
OS and PFS analysis respectively. CIK, cytokine-induced killer cell; DC, dendritic cell.

randomized studies assessed was small, HRs and associ-
ated 95% ClIs reported by each study, especially for the OS
endpoint, were all comparable, indicating consistency in
the results and so strengthening the overall finding.
Subgroup analysis by CRC disease stage indicated a lack
of differences for both OS and PFS. However, the observed
95% ClIs associated with the pooled HRs were persistently
narrower for Stage IV patients compared with Stage I-III
patients, with the upper limits of 95% CIs for Stage I-
III patients exceeding 0.85 for both endpoints. Together
with the uncertainties around the best way to incorporate
CIK/DC-CIK therapy into the established 3-6 months
of monoadjuvant or doublet-adjuvant chemotherapy,

depending on the disease stage and accompanying other
prognostic factors, our study highlights that patients with
Stage IV disease may be a more suitable target to evaluate
CIK/DC-CIK therapy application, at least initially. The
immunosuppressive effect of cancer surgery, including T
cell and NK cell dysfunction and expansion of myeloid-
derived suppressor cells and regulatory T cells in the
postoperative period has been described previously,”
although how this affects the antitumor activity of CIK/
DC-CIK therapy is not known.

Subgroup analysis based on combining DC therapy with
CIK therapy revealed statistically significant subgroup
differences in favor of DC-CIK over CIK therapy for PFS,
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Figure 6 Subgroup analysis by CIK/DC-CIK therapy administration timing for (A) overall survival (OS) and (B) progression-free
survival (PFS). Twenty-four studies involving 2,846 patients and seventeen studies involving 2,040 patients contributed data to
OS and PFS analysis respectively. CIK, cytokine-induced killer cell; DC, dendritic cell.

but not for OS. DCs are major antigen-presenting cells
and the essential link between the innate and adaptive
immune systems.” Coculturing of CIK cells with DCs
results in increased CIK cytolytic function, including
cytotoxic activity against a tumor cell line resistant to
CIK cells cultured in the absence of DCs.'"* This review
observed more patients who received DC-CIK therapy
than CIK therapy; however, the results suggest that the
addition of DC therapy to CIK therapy does not have a
strong clinical benefit, as only statistical significance was
observed for PFS and not for OS. This result points to the
need for future clinical trials investigating the benefit of
including DC therapy in CIK therapy, and whether other

combinations such as immune checkpoint inhibitors or
CAR-T incorporation with CIK therapy may be of better
value for patients with CRC.

Subgroup differences were similarly detected for OS
for concurrent versus sequential administration of CIK/
DC-CIK. Subgroup analyses for both PFS by CIK therapy
type and OS by CIK therapy administration timing had
similar HRs with highly overlapping 95% CIs, making
it unclear whether the differences are clinically mean-
ingful. The timing of CIK/DC-CIK delivery for patients
with CRC may not be critical and could be selected based
on logistical issues.
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There have been two previous publications that system-
atically reviewed the literature for CIK/DC-CIK therapy in
CRC." " In 2010, Zhang and Schmidt-Wolf, in coopera-
tion with Stanford University, established the International
Registry on CIK Cells (IRCC) to evaluate clinical trials of
CIK therapy.”” *® The registry identifies both prospective
and retrospective clinical trials involving CIK therapy for
cancer treatment from PubMed, Web of Science Core
Collection, WHO International Clinical Trials Registry
Platform, ClinicalTrials.gov as well as proceedings of the
American Society of Clinical Oncology and European
Cancer Conference Annual Scientific Meetings. In addi-
tion, the IRCC incorporates clinical trials submitted by
individual researchers for inclusion.” In 2020, the registry
recorded 106 clinical trials, of which only 6 examined
CIK therapy in patients with CRC.”” This contrasts with
the 29 trials including 2610 patients with CRC reported
in the published systematic review and meta-analysis in
2017 by Zhang et al, which purely compared the clinical
benefit of CIK therapy plus chemotherapy to CIK therapy
in patients with CRC with advanced disease.'® They also
used two Chinese databases, CNKI and Wanfang Data,
in addition to the English databases Cochrane Library,
Embase, and PubMed. The majority of the studies were
published in Chinese similar to our findings.

To date, China has taken the lead in research of adop-
tive immunotherapy including CIK therapy."” '" There-
fore, the inclusion of articles published in Chinese was
necessary to comprehensively review the currently avail-
able literature examining the clinical efficacy of CIK
therapy in CRC. Additionally, the current work included
clinical trials which compared CIK therapy with non-
CIK treatment not limited to chemotherapy, to increase
the number of trials assessed. Consequently, the review
considered 70 studies involving 6743 patients and is the
largest systemic review on CIK/DC-CIK therapy in CRC.
It meta-analyzed OS and PFS, the two most important
clinical endpoints in assessing the efficacy of any cancer
therapy. Endpoints covered by Zhang'® were limited to
OS and DFS rates as well as ORR. The CRC population
covered by this review is also broader having included
patients at all stages.

This study has a number of limitations. The hetero-
geneity observed in the clinical study design requires
caution when interpreting results. There are general
guidelines for the production of CIK therapy. The CIK
therapy product is generated from PBMCs cultured for
21-28days in the presence of anti-CD3 stimulation and
the cytokines interferon-gamma and interleukin-2. Prior
to transfusion, the therapy product is expected to have
minimum percentage of NK-ike T cells."”’ While having
basic production guidelines makes reproducing this
therapy achievable, we observed heterogeneity in the
culture systems used to generate these cells, including
the media, concentration of stimuli and cytokines used,
and intervals of cytokine addition in culture. Charac-
terization of the cell therapy product prior to transfu-
sion to meet the guidelines was normally not provided.

Clinical parameters such as anticancer treatment history,
demographics, and number of treatment cycles were
also observed to be heterogeneous among the studies
analyzed. These variables could contribute to the hetero-
geneity observed in our analysis that was not rectified
by our subgroup analyses. As the studies identified were
all undertaken in China, clinical trials in non-Chinese
ethnicity are needed to confirm its efficacy outside of
Chinese patients. Finally, the possibility of publication
bias was raised as only a handful of studies reported nega-
tive outcomes of CIK/DC-CIK therapy for the efficacy
endpoints assessed.

Despite these limitations, our data strongly support
that complementing conventional treatment regimens
with CIK/DC-CIK therapy in patients with CRC provides
clinical benefits. By highlighting the parameters that
contribute to the heterogeneity in the study designs, we
suggest that standardization of these will lead to greater
adoption of CIK therapy worldwide.

CONCLUSION

CIK therapy in combination with standard treatments,
in particular chemotherapy, provides clinical benefits
for patients with CRC. The benefit existed whether the
included studies were prospective and randomized or not,
strengthening the finding. CIK therapy was well tolerated,
with fever being the most common adverse event. While
DC therapy is commonly combined with CIK therapy for
patients with CRC, our study suggests that this may not
provide extra benefit. The findings support further evalu-
ation of the clinical utility of CIK therapy in CRC.
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Supplementary Table 1. Search strategy for Embase
#1  Cytokine-Induced Killer Cells/

#2 cytokine induced Killer cell*.mp. [mp=title, abstract, original title, name of
substance word, subject heading word, floating sub-heading word, keyword
heading word, organism supplementary concept word, protocol
supplementary concept word, rare disease supplementary concept word,
unique identifier, synonyms]

#3  (cytokine induced adj6 killer cell*).mp. [mp=title, abstract, heading word, drug
trade name, original title, device manufacturer, drug manufacturer, device

trade name, keyword heading word, floating subheading word, candidate term

word]
#4 2or3
#5 1or4

#6 *colorectal  cancer*/  or  colorectal neoplasm*.mp. or  colon
cancer*.mp. [mp=title, abstract, heading word, drug trade name, original title,
device manufacturer, drug manufacturer, device trade name, keyword
heading word, floating subheading word, candidate term word]

#7  exp colon tumor/

#8 exp rectum tumor/

#9 6or7o0r8

#10 50r9
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Supplementary Table 2. Search strategy for MEDLINE

#1

#2

#3

#4

#5

#6

#7

#8

#9

Cytokine-Induced Killer Cells/

cytokine induced Kkiller cell*.mp. [mp=title, abstract, original title, name of
substance word, subject heading word, floating sub-heading word, keyword
heading word, organism supplementary concept word, protocol

(cytokine induced adj6 killer cell*).mp. [mp=title, abstract, original title, name
of substance word, subject heading word, floating sub-heading word, keyword
heading word, organism supplementary concept word, protocol
supplementary concept word, rare disease supplementary concept word,
unique identifier, synonyms]

2o0r3

1or4

exp Colorectal Neoplasms/

*colorectal cancer*/ or colorectal neoplasm*.mp. or colon cancer*.mp.
[mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary concept word, rare
disease supplementary concept word, unique identifier, synonyms]

6or7

5and 8
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A
CIK +/-DC Control Risk Ratio (Non-event) Risk Ratio (Mon-event)
Study or Subgroup  Events Total Events Total Weight M-H, Rand 95% CI M-H, Random, 95% CI
Cai 2010 ar 40 34 0 44% 0.60[0.15, 2.34] —
Cai 2013 40 40 3 32 1.2% 0.27 [0.01, 6.37]
Chao 2016 33 33 11 33 1.5% 0.02 [0.00, 0.38]
Chen 2014h 50 a0 14 50 1.5% 001[000,022) &
Fan 2013 ar 41 34 40 8.1% 0.65[0.20, 2.13] T
Fang 2016 25 26 23 26 2.2% 0.33[0.04, 3.00] L
Feng 2014 20 20 20 20 Mot estimable
Gao 2014 13 13 11 13 1.3% 0.20[0.01, 3.80] I E—
Jiang 2016 44 a0 32 48 T.0% 0.36[0.15, 0.84] —_—
Liz2012 20 20 149 20 1.2% 0.33[0.01,7.73]
Li 2015 G4 65 G2 65 21% 0.33[0.04, 3137 I R
Li 2022 62 Gh 64 T 3.4% 215[0.41,11.36] T
Liu 2014a 28 28 27 28 1.2% 0.33[0.01, 7.858]
Liu 2016a hal 29 14 28 8.1% 0.53[0.27, 1.06] I
Lw 2014 40 43 35 42 4.7% 042012, 1.81] e
FPan 20204 123 128 97 126 5.3% 0.10[0.03, 0.33] —_—
Pan 2020k 59 G0 61 62 1.5% 1.03[0.07,16.15]
Feng 2017 23 23 23 23 Mot estimahle
Rui 2012 40 45 ar 45 5.9% 0.63[0.22,1.76] .
Xie 2017 60 71 46 il 8.5% 0.44[0.23,0.82] I
Hu 2021 11 18 3 ki 5.6% 340[1.15,10.11] e
Yan 2014 a6 T2 23 42 9.0% 0.459[0.28, 0.85] -
Ying 2010 a1 a1 a1 a1 Mot estimable
Yue 2016 32 a5 21 85 10.1% 0.68 [0.47, 0.98]
Zhang 2011 kil 3z 28 kil 2.2% 0.32[0.04, 2.94] — 1
Zhao 2018 <] T3 G2 Th 8.7% 0.32[0.11,0.92] EE—
Zhu 2013 hal 21 T3 Th 1.3% 0.69[0.03,13.86] ]
Total (95% CI) 1211 1248 100.0% 0.47 [0.32, 0.67] L 2
Total events 1110 991
Heterogeneity: Tau®=0.31; Chi®= 46.86, df= 23 (P =0.002), F= 51% ID om 051 150 1DDD=
Testfor overall efiect 2= 4.08 (P < 0.0001) Favours CIKIDC-CIK Favours non-CIKIDC-CIK
B
CIK +/-DC Control Risk Ratio (Non-event) Risk Ratio (Mon-event)
Study or Subgroup  Events Total Events Total Weight M-H, Rand 95% Cl M-H, Random, 95% CI
Zhu 2013 hal 21 G4 Th 0.2% 0.15[0.01, 2.458] - 1
Pan 2020k 58 0 52 62 0.8% 0.21 [0.05, 0.90] E—
Fang 2016 23 26 17 26 1.2% 0.33[0.10,1.08]
Feng 2014 16 20 14 20 1.3% 0.67 [0.22, 2.01] I
Gao 2014 10 13 3 13 1.5% 0.30[0.11, 0.84]
Li 2016 24 30 20 a0 2.0% 0.60[0.25,1.44] -1
Ying 2010 45 a1 35 a1 21% 0.38 [0.16, 0.88] -
Cai 2010 il 40 24 40 32% 0.67 [0.34,1.30] T
Cai 2013 a0 40 18 32 3.3% 0.57[0.29,1.11] I
Li 2015 a2 65 41 65 4.1% 0.54 [0.30, 0.97] I
Li 2022 48 Gh 47 T 5.0% 0.81[0.48,1.34] T
Hu 2021 B 18 16 ki 6.0% 1.23[0.79,1.92] T
Zhao 2018 48 T3 ar Th T.2% 0.68 [0.46, 1.00] 7
Chao 2016 16 33 g 33 T.9% 0.61 [0.42, 0.87] -
Wang 2019 65 a7 181 280 9.4% 0.72[0.52, 0.98] -
Zhao 2016 a0 61 14 61 10.3% 0.66 [0.50, 0.87] -
FPan 20204 T8 126 42 126 11.2% 0.56[0.43, 0,73 -
Hie 2017 33 71 17 MO1.3% 0.70[0.55, 0.91] -
Rui 2012 13 45 9 45 12.0% 0.89[0.70,1.13] -
Total (95% CI) 956 1211 100.0% 0.67 [0.59, 0.77] +
Total events 647 627
Heterogeneity: Tau?= 0.02; Chi®= 26.63, df= 18 (P = 0.09); = 32% ID o 051 150 1DDD=
Testior overall ffect Z= 5.83 (P < 0.00001) Favours CIKIDC-CIK Favours non-CIKIDC-CIK
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C
CIK +/-DC Control Risk Ratio (Non-event) Risk Ratio (Non-event)
Study or Subgroup  Events Total Events Total Weight M-H, Rand 95% CI M-H, Random, 95% CI
Chao 2016 10 33 200 33 101% 1.77[1.10, 2.86] —
Gao 2014 10 13 2 13 4.2% 0.27[0.10,0.76]
Li 2015 43 65 29 65 11.4% 0.61[0.41,082] -
Liz022 44 BB 327 15% 0.61[0.41,0.91] -
Fan 2020a 63 126 33 126 15.0% 0.68 [0.55, 0.83] -
Fan 2020b 53 60 45 62 5.8% 0.43[0.19,0.95] I
Wang 2019 T2 97 142 280 123% 0.52[0.37, 0.75) -
Hie 2017 30 fl 14 71 146% 0.72[0.87,0.91] -
Hu 20 3 18 4 35 145% 0.94[0.74,1.19] -
Zhu 2013 21 el 57 Ta 0.7% 0.09[0.01,1.49] —
Total (95% CI) 570 831 100.0% 0.69 [0.54, 0.88] L2
Total events 349 ara
Heterogeneity: Tau?= 0.09; Chi*= 33.52, df= 9 (P = 0.0001); #=73% ) t t |
Testforgovergll effact Z= 3I.D4 P= D.DDEI) ( ’ 0.001 N 01 U 10 1000
Favours CIKIDC-CIK Favours non-CIKIDC-CIK

Supplementary Figure 2. CIK/DC-CIK therapy versus non-CIK/DC-CIK therapy for
(A) 1-year, (B) 3-year and (C) 5-year overall survival (OS) rates. Twenty-seven
studies involving 2,459 patients, nineteen studies involving 2,167 patients and ten
studies involving 1,401 patients contributed data to 1-, 3- and 5-year OS rate
analysis respectively. CIK, cytokine-induced killer cell; DC, dendritic cell.
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A
CIK +/-DC Control Risk Ratio (Non-event) Risk Ratio (Mon-event)
Study or Subgroup  Events Total Events Total Weight M-H, Rand 95% CI M-H, Random, 95% CI
Gao 2014 13 13 11 13 07% 0.20[0.01, 3.80]
Li 2015 a3 65 41 65 17.2% 0.50[0.27, 0.91] —
Li 2022 a5 Gh a4 To111% 0.99[0.47, 2.08] s
Pan 2020a 107 126 70 126 296% 0.34[0.21,0.54] —
FPan 20200 a9 G0 a3 62 1.5% 011 [0.02, 0.88]
Kie 2017 61 71 46 71 14.48% 0.40[0.21,0.77] -
Hu 2021 14 16 35 47 3.2% 045012, 1.96] — 1
Ying 2010 41 a1 28 a1 15.5% 0.43[0.23, 087 I
Zhu 2013 18 21 a2 Th 3.3% 0.31[0.08,1.21] E—
Zhu 2014 18 21 a2 Th 3.3% 0.31[0.08,1.21] ™
Total (95% CI) 510 656 100.0% 0.43[0.33, 0.55] L ]
Total events 441 447
Heterogeneity: Tau?= 0.00; Chi*=8.50, df=9 (P =0.48); P= 0% ) t t |
Testforgovergll effact Z= EI.GG P= D.DDIDD1) ( ) 0.001 T 0'1. U 10 . . 1000
Favours CIKIDC-CIK Favours non-CIKIDC-CIK
B
CIK +/-DC Control Risk Ratio (Non-event) Risk Ratio (Mon-event)
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Gao 2014 9 13 2 13 2.3% 0.36 [0.16, 0.84]
Li 2015 28 65 18 65 12.4% 0.79[0.61,1.02] ]
Liz016 6 30 4 30 138% 0.92[0.74,1.16] -
Li 2022 43 Gh 35 T T % 0.65 [0.46, 1.03] -
FPan 20204 45 126 28 126 17.3% 0.80[0.69, 0.94] -+
Pan 20200 48 a0 32 62 46% 0.41[0.23,0.73] ——
Kie 2017 46 71 3 T 8.3% 0.63[0.43, 0.91] I
Hu 2021 g 16 13 47 5.3% 0.659[0.41,1.16] e
Ying 2010 22 a1 14 a1 11.1% 0.78 [0.58, 1.08] - T
Zhao 2016 12 61 g 61 17.2% 0.92 [0.79,1.08] —
Total (95% CI) 559 597 100.0% 0.76 [0.66, 0.87] L 2
Total events 267 182
Heterogeneity: Tau®= 0.02; Chi®=19.20, df= 9 {P = 0.02%; = 53% ID 05 052 é 20‘
Testfor overall efiect 2= 3.87 (P = 0.0001) Favours CIK/IDC-CIK  Favours non-CIKIDC-CIK
C
CIK +/-DC Control Risk Ratio (Non-event) Risk Ratio (Mon-event)
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Supplementary Figure 3. CIK/DC-CIK therapy versus non-CIK/DC-CIK therapy for
(A) 1-year, (B) 3-year and (C) 5-year progression-free survival (PFS) rates. Ten
studies involving 1,166 patients, ten studies involving 1,156 patients and seven
studies involving 872 patients contributed data to 1-, 3- and 5-year PFS rate analysis
respectively. CIK, cytokine-induced killer cell; DC, dendritic cell.
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Supplementary Figure 4. CIK/DC-CIK therapy versus non-CIK/DC-CIK therapy on
any adverse events. Two studies involving 467 patients contributed data to any
adverse events analysis. CIK, cytokine-induced killer cell; DC, dendritic cell.
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Supplementary Figure 5. Subgroup analysis by disease stage for (A) overall
survival (OS) and (B) progression-free survival (PFS) between CIK/DC-CIK therapy
versus non-CIK/DC-CIK therapy. Sixteen studies involving 1,958 patients and twelve
studies involving 1,366 patients contributed data to OS and PFS analysis
respectively. CIK, cytokine-induced killer cell; DC, dendritic cell.
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