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Predictive significance of T cell subset changes during
ex vivo generation of adoptive cellular therapy products for
the treatment of advanced non-small cell lung cancer
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Abstract. Adoptive T cell immunotherapy with
cytokine-induced killer cells (CIKs) has been demonstrated
to prolong the survival of patients with advanced non-small
cell lung cancer (NSCLC). The aim of the present study was
to evaluate whether the expansion of effector T cells and the
decrease of regulatory T cells (Tregs) that occurred during
the ex vivo generation of DC-CIKs were associated with
improved clinical outcome in patients who received treatment.
CIKs were generated ex vivo over a 28-day period from
the peripheral blood apheresis product of 163 patients with
advanced cancer (including 30 with NSCLC). CIKs were
also generated from an additional cohort of 65 patients
with NSCLC over a 15-day period. The progression-free
survival (PFS) and overall survival (OS) time of patients
treated with CIKs was determined by reviewing the patients'
medical records. The number of CIKs gradually increased
during the culture period and peaked at day 15, followed
by a slight decline until day 28. Similarly, the percentages
of T cell subtypes associated with anti-tumor activity
(CD3*, CD3*CD4"*, CD3*CD8* and CD8*CD28") peaked
at day 15. Although the percentage of CD4*CD25*CD127*
Tregs increased by day 7, a decrease was subsequently
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observed. Among the 95 patients with NSCLC, those with
a post/pre-culture ratio of CD8*CD28* T lymphocytes
>2.2 had significantly better PFS and OS compared with
those with ratios <2.2. Those with a post/pre-culture
CD4*CD25*CD127* Treg ratio <0.6 had significantly better
OS and PFS compared with those with ratios >0.6. The peak
expansion of CIKs from peripheral blood mononuclear cells
occurred at day 15 of ex vivo culture. PFS and OS were
associated with post/pre-culture CD8*CD28* T lymphocyte
ratio >2.2 and post/pre-culture CD4*CD25*CD127* Treg
ratio <0.6 in the CIKs of patients with advanced NSCLC
treated with adoptive T cell immunotherapy. Further efforts
are underway to optimize the DC-CIK infusion for cancer
immunotherapy.

Introduction

Non-small cell lung cancer (NSCLC) was the leading cause
of cancer-related mortality worldwide in 2011 (1). Advances
in chemotherapy, targeted therapy and immunotherapy have
prolonged survival in the last decade (2) Recently, the imple-
mentation of immune checkpoint inhibitors programmed
cell death protein 1 (PD-1) and/or programmed death ligand
1 has advanced the treatment options (2). Although those
developments and achievements have provided convicting
data allow immunotherapy to be included in the treatment
of NSCLC, a considerable population experience recurrence
or are refractory to those agents; this may be partly due to
immune tolerance and immune microenvironment resistance
occurrence. However, the insufficiency of T cell distribution
and/or T cell exhaustion have been studied more extensively;
the supplementary effective T cells were able to enhance the
interactions between T cells and tumor cell through cytokines
release and T cell recovery (3).

Adoptive cellular immunotherapy (ACT), the delivery of
ex vivo activated cellular products, including dendritic cells
(DCs), natural killer (NK) cells or T cells, is a personalized
approach, which has demonstrated promising results in mela-
noma (3,4) and a variety of other cancer types (5-15). The
combination of ex vivo-expanded DCs, potent stimulators of
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tumor-specific T cell responses, with cytokine-induced killer
cells (CIKs), lymphocytes with an NK/T-cell phenotype,
results in the formation of a cell infusion called DC-CIK (5).
The autologous adoptive cellular immunotherapy has certain
benefits including the relative feasibility of cell collection from
the patient induvial and T cell expansion in vitro, during which
CD8* cytotoxic T cells are harvested. It has previously been
reported that DC-CIK infusions, alone or when combined with
chemotherapy, improved the clinical outcome of patients with
advanced cancer (12,16).

The DC-CIK product is comprised of various T cell
subpopulations post-induction with the presence of cytokine
stimulation. The final cell products may comprise effector
T cells and, to a lesser extent, regulatory T cells (Tregs) and
suppressive macrophage populations, all of which have the
potential to impact clinical therapeutic outcome (12,16). The
quantitation of these anti-cancer cell subpopulations, rather
than total cell count prior to iv infusion, should be addressed
before the infusions to collect the data required to qualify the
culture system. The efficient cytotoxic T cell infusion may be
able to predict the clinical responses (12,16). In the present
study, the T cell subsets within the DC-CIK infusion and the
association of changes in their frequency during ex vivo culture
with progression-free survival (PFS) and overall survival (OS)
time of patients with advanced NSCLC who were treated with
ACT were analyzed in order to aid in the optimization of
DC-CIK immunotherapy.

Patients and methods

Patients and study design. Data for the present study were
derived from two cohorts of patients treated at the Capital
Medical University Cancer Center, Beijing Shijitan Hospital
(Beijing, China) between September 2012 and June 2015
according to protocols approved by The Regional Ethics
Review Board of Capital Medical University Cancer Center
(Beijing, China) and to the ethical principles for medical
research involving human subjects of The Declaration of
Helsinki. All patients provided informed consent prior to partic-
ipation in the study. All eligible participants were included; the
patients included were diagnosed with NSCLC (n=95), meta-
static breast (n=30), colon (n=29), pancreatic (n=19), advanced
gastric (n=20) and other types of cancer (n=35). The first cohort
comprised 163 patients recruited between September 2012
and December 2014 with advanced cancer (including 30 with
NSCLC) for whom CIK products were generated ex vivo from
autologous peripheral blood mononuclear cells (PBMCs); the
PBMCs were expanded ex vivo over a 28-day period. The
data obtained from the 28-day expansion was analyzed as the
preliminary condition trial and subjected to optimization to
determine the cell harvest time. Based on these, the culture
protocol was adjusted and the second cohort was recruited,
which comprsed 65 patients with NSCLC for whom CIK prod-
ucts were generated ex vivo over a 15-day period at the same
hospital between January 2015 and June 2015. Subsequently,
30 patients with NSCLC from the first cohort plus the second
group of 65 patients with NSCLC were combined into an addi-
tional NSCLC cohort (n=95) to evaluate the impact of T cell
subsets during the ex vivo generation of DC-CIKSs on clinical
outcome in a homogeneous group (Fig. 1). Participants were
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required to meet the following inclusion criteria: Histologically
or cytologically confirmed, unresectable, locally advanced
or metastatic solid malignancy, planned treatment with
multi-cycle ACT, aged 18-80 years and adequate hematological
and organ function based on white blood cell count and normal
values of liver and kidney function tests. Eastern Cooperative
Oncology Group Performance Status (ECOG-PS) of 0-2 (17)
and no previous history of immunotherapy. Exclusion criteria
consisted of the following: A serious, uncontrolled medical
condition or a psychiatric disorder that would limit the ability
of the patient to comply with study requirements.

PBMC collection and CIK generation. PBMCs were collected
as described previously (18,19). Briefly, patients received
5 pg/kg/day of granulocyte-macrophage colony-stimulating
factor (GM-CSF; Chugai Pharmaceutical Co., Ltd.) subcutane-
ously until the level of mononuclear cells in peripheral blood
reached 1.5x10%/1 and subsequently underwent apheresis.
Patients were eligible for all standard anti-cancer treatments
and apheresis was performed after chemotherapy. PBMCs
were separated by a COBE Spectra cell separator (Terumo
BCT, Inc.) until CD34*cells reached a threshold of 4.5x10%/kg.
All collected cells were frozen at -80°C until required for
the DC-CIK infusion. For DC generation preparation, the
collected PBMCs were placed into a flask for 2 h to attach to
the walls; adherent cells (2-3x10°) were cultured in DC medium
(X-VIVO Lonza Group, Ltd.) medium for 7 days at 37°C
with 5% CO, with interleukin (IL)-4 (1,000 U/ml; Amoytop
Biotech Co., Ltd.), TNF-a (20 ng/ml; R&D Systems, Inc.) and
GM-CSF (800 U/ml; Amoytop Biotech Co., Ltd.). For CIK
generation, PBMCs (2-3x10%) were cultured at 37°C in AIM V
medium (Gibco; Thermo Fisher Scientific, Inc.) supplemented
with 10% heat-inactivated patient's autologous plasma or
human AB plasma obtained from the Beijing Shijitan Hospital
Blood Bank and the recombinant cytokines IL-2 (2,000 U/ml;
Sihuan Pharmaceutical Holdings Group, Ltd.), interferon-y
(1,000 U/ml; cat. no. TL-105; Beijing T&L Biotechnology
Co., Ltd.) and anti-CD3 antibody (1.7 ml/ml; cat. no. TL-101;
Beijing T&L Biotechnology Co., Ltd.). Half of the medium
was replaced with fresh AIM V containing IL-2 (2,000 IU/ml)
every other day. After 7 days, the autologous DCs were mixed
with cultured CIKs at a ratio of 1:100, and resulting DC-CIKs
from each mixture (2x10°) were subsequently collected for
infusion at day 15 or 28, at which time points the resulting
cells were harvested for treatment or analysis, as described in
the following text.

Flow cytometry analysis of ex vivo expanded DC-CIKs.
Various subpopulations within the cell products (PBMCs prior
to culture and cultured DC-CIKSs) were identified by flow
cytometry, as previously described (11), using the following
fluorochrome-conjugated antibodies: CD3 PerCP-Cy5.5,
CD4 FITC, CD8 FITC, CD25 PE, CD28 PE, CD56 PE (all
Beckman Coulter, Inc.), PD-1 PE, lymphocyte-activation gene
3 (LAG-3) PE, tumor necrosis factor receptor superfamily
member 9 (4-1BB; CD137) PE and T cell immunoglobulin
and mucin protein 3 (TIM-3) PeCy-7 (all BioLegend, Inc.).
Three-color flow cytometry analysis was performed on a
Cytomics FC500 flow cytometer with CXP analysis software
(Beckman Coulter, Inc.).
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Patients with advanced solid
tumors treated with DC-CIK
infusion from 28-day cultures (n=163)

Non-NSCLC NSCLC cohort

(n=133) #1 (n=30)

NSCLC cohort #2
(15-day culture) (n=65)

(n=95)

Combined NSCLC cohort

Figure 1. Flow diagram of the patient cohorts included in the present study. DC-CIK, dendritic cells-cytokine-induced killer cells; NSCLC, non-small cell lung cancer.

Treatment scheme. Patients received DC-CIK cell therapy
(median, 5.2x10° CIKs) in scheduled 21-day treatment cycles,
specifically on days 15, 17 and 19 of each cycle. Patients could
receive >2 cycles (one cycle refers 3 infusions) dependent upon the
physician's decision when combined with chemotherapy. Since
adoptive cell immunotherapy was combined with the existing
standard anti-cancer treatments, the present study focused on the
ex vivo expansion parameter acquisition; the clinical treatment
options were determined by the attending physicians. A total
of 50 patients received chemotherapy including paclitaxel plus
cisplatin (n=10), gemcitabine plus cisplatin (n=15), docetaxel plus
cisplatin (n=9), pemetrexed plus cisplatin (n=14) and Tegafur
Gimeracil Oteracil Potassium (S1) plus cisplatin (n=2) prior to
the DC-CIK infusions during each cycle.

Statistical analysis. Continuous variables are expressed
as the mean + SD and were compared using two-tailed
unpaired Student's t-tests. Multiple subgroup comparisons
were performed using ANOVA followed by Tukey's post hoc
test. Categorical variables were compared using ¥ or Fisher's
exact test. The predictive performance of T cell subtypes was
measured using receiver operating characteristic (ROC) curve
analysis and the area under the curve (AUC). AUCs were also
used to evaluate different T cell subtypes using the Hanley
and McNeil method (20). The impact of the combination of T
cell subtypes on the clinical outcome of patients with NSCLC
who received treatment, was analyzed using a Cox regression
model. The independent risk factors found to be significantly
related to survival at multivariate analysis were entered into
the Cox model. The sum of the relative risks that impacted
the hazard function was used in the Cox model to predict the
prognosis of the patients. Statistical analyses were performed
with SPSS version 18.0 (SPSS, Inc.) and ROC curve analysis
was conducted using MedCalcV.11.0.3.0 (MedCalc Software
bvba), GraphPad Prism version 5.04 (GraphPad Software, Inc.)
and SPSS version 21.0 (IBM Corp.). P<0.05 was considered
to indicate a statistically significant difference in all analyses.

Results

Patient characteristics. For data analysis, two study groups
were created (Fig. 1). Firstly, 163 patients with advanced

cancer (including 30 with NSCLC) were assessed to determine
when the number of cultured CIKs peaked Among these 95
NSCLC patients, 45 received DC-CIK cell therapy alone and
50 received DC-CIKs combined with chemotherapy. Their
characteristics are listed in Table 1.

DC-CIK phenotype during ex vitro culture expands in a
time dependent manner. Among the 163 patients for whom
the DC-CIKs were cultured for 28 days, the number of
CIKs peaked at 15+2.16 days followed by a slight decrease
(Fig. 2E and F). CIKs were successfully expanded ex vivo,
with a median fold expansion of 32.7 (range, 3.5-64.2) by
day 15. The percentages of CD3*, CD3*CD4*, CD3*CD8*,
CD8*CD28*, CD8*4-1BB*, CD8*LAG-3* and CD§*TIM-3*
cells also reached a peak on day 14 (Fig. 2); however, the
percentage of Tregs (CD4*CD25*CD127*) decreased after
day 7 of culture (Fig. 2C). In addition, the percentages of B
cells (CD19%) and NK cells (CD3'CD16*/CD56%) decreased,
whereas NK T cells (CD3*CD16"CD56") increased by day 28
(Fig. 2B). The expression levels of 4-1BB, LAG-3 and TIM-3
on CD4* and CD8* T cells increased between days 7 and 14
before decreasing (Fig. 2E and F).

Alterations in frequency of CD4*CD25*CDI27* and
CD8*CD28* T cells after ex vivo expansion for 15 days as
predictors for the efficacy of ACT in patients with NSCLC.
Having identified day 15 as the time point of maximum
CIK expansion, the ratios (pre-culture vs. day 15 of ex vivo
expansion) of the various T cell subsets within the DC-CIK
infusion were then compared in the 95 patients with NSCLC.
Specifically, post/pre-culture ratios of 0.6 and 2.2 were
determined as the cut-off values of CD4*CD25*CDI127*
and CD8*CD28* T cells, respectively. Patients with a
post/pre-culture CD4*CD25*CD127* Treg ratio <0.6 were
identified to have significantly favorable PFS (P=0.0071;
Fig. 3A) and OS (P<0.001; Fig. 3B) compared with those with
higher rations of these cells. Patients with post/pre-culture
CDS8*CD28* T lymphocyte ratio >2.2 had significantly favor-
able PFS (P=0.0277; Fig. 3C) and OS (P=0.0067; Fig. 3D)
compared with those with ratios <2.2. Subsequently, ROC
analysis was performed to confirm the optimal cut-off value
(Fig. 4).


https://www.spandidos-publications.com/10.3892/ol.2019.10964
https://www.spandidos-publications.com/10.3892/ol.2019.10964
https://www.spandidos-publications.com/10.3892/ol.2019.10964

5720

HUANG et al: EXPANSION OF T CELL SUBSETS FOR ADOPTIVE CELLULAR IMMUNOTHERAPY

Table I. Demographics and baseline characteristics of patients (n=95).

Therapy group
Variable DC-CIK alone DC-CIK combined with CT P-value
Cases, n 45 50
Age (years; mean + SD) 61.2+8.1 60.8+9.3 0.753
Sex 0.805
Female 29 31
Male 16 19
ECOG-PS 0.402
0 29 28
1 16 22
TNM staging 0.297
I 10 7
v 35 43
Previous adjuvant chemotherapy 0.858
Yes 17 18
No 28 32
Histopathological type 0.825
Adenocarcinoma 31 35
Squamous carcinoma 14 15
T cell subtypes
Post/pre CD4*CD25*CD127* T lymphocytes 0.269
>0.6 21 29
<0.6 24 21
Post/pre CD8*CD28* T lymphocytes 0.204
>2.2 22 18
<22 23 32
Disease control 0.001*
Stable 10 28
Progressive 35 22

‘P<0.05. DC-CIK, dendritic cells mixed with cytokine-induced killer cells; CT, chemotherapy; TNM, Tumor-Node-Metastasis.

Prognostic performance of T cell subtypes in patients with
advanced NSCLC. The performance of the post/pre-culture
CD4*CD25*CDI127* Treg ratios, post/pre-culture CD8*CD28*
T cell ratios and the combined ratio of these T cell subtypes
was evaluated to determine whether these ratios could predict
different clinical outcomes in patients with NSCLC (Fig. 4).
The analysis demonstrated that the combination of these
T cell subtypes was a valuable marker in predicting the OS
of patients with NSCLC (AUC, 0.836; 95% CI, 0.574-0.936;
sensitivity, 86.4%; specificity, 61.3%). Details are provided in
Fig. 4.

Risk factors associated with clinical outcomes. Cox propor-
tional hazard models were used to quantify the prognostic
significance of risk factors following multivariate adjustment.
A multivariate analysis was performed to assess the factors
that demonstrated significant effects. Following adjustment
for competing risk factors (ECOG-PS, TNM stage and infu-
sion cycles), a post/pre-culture CD4*CD25*CD127* Treg ratio

>0.6, post/pre-culture CD8*CD28* T lymphocyte ratio <2.2
and treatment with the DC-CIK infusion combined with
chemotherapy remained independent predictors of PFS and
OS (Table II).

Discussion

ACT with CIKs has demonstrated antitumor activity against
bulky metastases in patients with various solid tumors (21,22);
however, the DC-CIK infusion generated in the present study
contained a variety of T cell subtypes. Improvements in
efficacy require further engineering of the cell infusion to
include additional cells with potent anti-tumor activity (CD8*
effector T cells) and fewer cells with immunosuppressive
activity (including Tregs). Therefore, a detailed analysis of
the number and phenotype of T cells within the DC-CIK infu-
sion administered to patients with NSCLC was performed.
In order to identify the optimal culture time for harvesting
the CIKs, a total of 163 patients with advanced solid tumors
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Figure 2. Measurements of the expanded population percentages of various cytokine-induced killer cell groups during ex vivo culture. Six sub-groups are
presented according to T cell subtypes. (A-F) Changes in the proportion of (A) CD3*,CD3*CD4* and CD3*CD8"; (B) CD3"CD16*CD56*,CD3*CD16*CD56" and
CD19%; (C) Tregs; (D) CD8*CD28" and CD8*CD28"; (E) CD4*TIM-3*, CD4*LAG-3* and CD4*4-1BB*; and (F) CD8*LAG-3*, CD8*4-1BB* and CD8*TIM-3*.
Multiple subgroup comparisons were performed using ANOVA. "P<0.05 vs. day 0; “P<0.05 vs. day 15. IFN-y, interferon-y; TNF-a, tumor necrosis factor-a;
IL-2, interleukin-2; LAG-3, lymphocyte-activation gene 3; 4-1BB, tumor necrosis factor receptor superfamily member 9; TIM-3, T cell immunoglobulin and

mucin protein 3.

were recruited for apheresis and subsequent DC-CIK immu-
notherapy. The number of CIKs gradually increased until
day 15 during the culture period, followed by a slight decline
by day 28. The percentages of CD3*, CD3*CD4*, CD3*CD8*
and CD8*CD28* cells peaked at day 15. Therefore, CIKs
cultured for 15 days were chosen to be administered to the
patients.

CD4*CD25* Tregs maintain the balance between immune
activation and tolerance (23,24), preventing autoimmune
disease (25). Tregs are also thought to facilitate tumor progres-
sion by suppressing adaptive immunity against tumors. Treg
cell depletion in transplantable, carcinogen-induced, and
autochthonous tumor models has demonstrated increased
anti-tumor immune responses (26,27). A total of 95 patients
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Figure 3. Survival analysis stratified by different T cell subtypes. Comparison of (A) progression-free survival and (B) overall survival between patients
with post/pre-culture CD4*CD25*CDI127* T lymphocyte ratios <0.6 and >0.6. Comparison of (C) progression-free survival and (D) overall survival between

patients with post/pre CD8*CD28* T lymphocyte ratio >2.2 and <2.2.
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Figure 4. Receiver operating characteristic curves indicating the prognostic performance of (A) the post/pre CD4*CD25*CD127* regulatory T cells, (B) the
post/pre CD8*CD28" T cells and (C) the combination of these T cell subtypes. CI, confidence interval; AUC, area under the receiver operating characteristic

curve.

with NSCLC with a post/pre-culture CD4*CD25*CD127*
T lymphocyte ratio of <0.6 were identified to have signifi-
cantly improved OS and PFS compared with those with a
post/pre-culture CD4*CD25*CD127* Treg ratio >0.6.

CD28 is aco-stimulatory molecule that serves multiple roles
in the activation, proliferation and survival of T cells (28,29).
CD8*CD28* T cells are found in the tumor microenvironment
and in the circulation of patients with cancer. Both active

and suppressive antitumor immune responses have been
ascribed to CD8*CD28* T cell populations (30,31). It was
found that CD8*CD28* T cells were significantly increased
after CIK expansion and were associated with PFS and OS in
the treated patients with NSCLC. Specifically, patients with
a post/pre-culture CD8*CD28* T lymphocyte ratio >2.2 had
significantly improved OS and PFS compared with those with
a post/pre-culture CD8*CD28* T lymphocyte ratio of <2.2.
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Table II. Multivariate Cox proportional hazard regression analysis of patient demographic and clinical characteristics and survival.

PFS (0N
Variable HR (95% CI) P-value HR (95% CI) P-value
ECOG-PS, 2 1.032 (0.783-1.231) 0.462 0.923 (0.872-1.253) 0.188
TNM stage, [V 1.059 (0.718-1.629) 0.521 0.936 (0.783-1.258) 0.894
Post/pre CD4*CD25*CD127* T lymphocytes >0.6 1.574 (1.381-2.932) 0.017 1.859 (1.136-2.264) 0.006
Post/pre CD8"CD28* T lymphocytes <2.2 1.834 (1.524-3.187) 0.011 2.732 (1.774-5.673) 0.002
Infusion cycles 1.103 (0.851-1.253) 0.724 0.972 (0.761-1.354) 0.758
DC-CIK combined with CT 0.436 (0.168-0.579) 0.001 0.343 (0.257-0.857) 0.035

PES, progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; ECOG-PS, Eastern Cooperative Oncology
Group Performance Status; TNM, Tumor-Node-Metastasis; DC-CIK, dendritic cells-cytokine-induced killer cells; CT, chemotherapy.

In our previous report, the role of DC-CIK infu-
sion in patients with NSCLC was determined using
a non-randomized control study design; the results
demonstrated that the incorporation of DC-CIK into the
standard anti-cancer treatment exhibited benefits for clinical
responses (32). Therefore, the present study was performed
to further analyze the expanded cell phenotype variations
that may impact the cell yield. The results of the present
study demonstrated that patients with a post/pre-culture
CD8*CD28* T lymphocyte ratio >2.2 and post/pre-culture
CD4*CD25*CD127* Treg ratio <0.6 exhibited significantly
longer PFS and OS time.

The present study has certain limitations. First, 50 of
the patients with NSCLC received chemotherapy prior to
the DC-CIK infusions; the number of patients receiving
DC-CIK alone was too low to allow subgroup analysis in
the current study. Secondly, despite assessing the effect of
changes in the major lymphocyte subsets within the DC-CIK
infusion during ex vivo culture on clinical outcome, other
cellular components or polymorphisms in cytokines or their
receptors on the cells within the DC-CIK infusion may have
potentially affected the outcome. Larger numbers of treated
patients are required to assess these impacts. Nonetheless,
the present study supports the hypothesis that further ex vivo
manipulations of the DC-CIKs may contribute to the devel-
opment of a consistent cell therapy product with greater
antitumor activity.
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