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Abstract

This study aimed to understand the influence of näıve T cells in cytokine-induced killer (CIK) cell immunotherapy. A total of

68 patients with advanced solid tumors received activated autologous CIK cells weekly. Objective responses (complete or partial

responses, CR/PR) were observed in 11 patients (16.2%, 11/68), with five of 11 responses lasting more than 8 months, and in

16 patients with SD (23.5%, 16/68). The absolute number of CD4+ näıve T cells in patients who achieved CR/PR was higher

in SD and PD patients (CR/PR vs SD vs PD= 90 vs 149 vs 226 cells/μL), as were the absolute number of CD8+ näıve T cells

(CR/PR vs SD vs PD= 47 vs 60 vs 103 cells/μL). Patients with high absolute numbers of näıve T cells ({greater than or equal

to}298 cells/μL in näıve CD4+ and {greater than or equal to}156 cells/μL in näıve CD8+ cells) had a better response to ACT

(PFS=8 months vs 5 months). In this study, we found that Patients with a high absolute number of näıve T cells in circulating

blood had a better response to ACT, which showed the potential of näıve T cells as a biomarker for the response to ACT.
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This study aimed to understand the influence of näıve T cells in cytokine-induced killer (CIK) cell immuno-
therapy. A total of 68 patients with advanced solid tumors received activated autologous CIK cells weekly.
Objective responses (complete or partial responses, CR/PR) were observed in 11 patients (16.2%, 11/68),
with five of 11 responses lasting more than 8 months, and in 16 patients with SD (23.5%, 16/68). The absolute
number of CD4+ näıve T cells in patients who achieved CR/PR was higher in SD and PD patients (CR/PR
vs SD vs PD= 90 vs 149 vs 226 cells/μL), as were the absolute number of CD8+ näıve T cells (CR/PR vs
SD vs PD= 47 vs 60 vs 103 cells/μL). Patients with high absolute numbers of näıve T cells ({greater than
or equal to}298 cells/μL in näıve CD4+ and {greater than or equal to}156 cells/μL in näıve CD8+ cells)
had a better response to ACT (PFS=8 months vs 5 months). In this study, we found that Patients with a
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high absolute number of näıve T cells in circulating blood had a better response to ACT, which showed the
potential of näıve T cells as a biomarker for the response to ACT.

Keywords: Adoptive T cell therapy (ACT), cytokine-induced killer cell immunotherapy, näıve T
cells,immunological monitoring

Introduction

Adoptive T cell therapy (ACT) is a major immunotherapy and has been shown to be a powerful approach to
cancer treatment [1]. Cytokine-induced killer (CIK) cells are polyclonal T effector cells sharing immunological
properties and receptors with natural killer (NK) cells. They are attracting increasing interest for their ability
to perform non-MHC-restricted cytolytic activities towards susceptible autologous and allogeneic cancer cells
[2-3]. CIK cell treatment has an adjuvant immunomodulatory effect by prolonging survival in several types
of cancer patients who undergo curative treatment [4]. Adjuvant immunotherapy with autologous cytokine-
induced killer cells have evidence clinical effects in hepatocellular carcinoma [5]. Moreover, a phase I study
result showed that the activity of PD-1 blockade-activated CIK cells in patients with advanced solid tumors
was still unsatisfactory, as the objective response rate (ORR) across the 31 enrolled patients was 22.5%,
with only two patients (6.4%) showing a complete response (CR) and five patients (16.1%) showing a partial
response (PR) [6]. Therefore, a detailed analysis is necessary to determine which patients will have a good
response to CIK cell therapy that maintains sustained antitumor effects.

The state of T cell differentiation is an important factor that influences immune activity after ACT. It is
likely that innate humoral and cellular immune deficiencies, including inherent T cell defects, lead to T cell
exhaustion and treatment failure. Cultured T cells with the phenotype of CD45RO-, CCR7+, CD45RA+
and CD62L+ are characteristic of naive T cells. Naive T cells are a subset of less differentiated T cells
with strong self-renewal and multipotent capacity to derive effector T cells that are specific for multiple
viral and self-tumor antigens [7-9]. Naive T cells resist terminal differentiation and maintain high replicative
potential that have shown great efficacy in clinical trials, so they may be a superior subset for use in adoptive
immunotherapy. For ACT, because most protocols require that peripheral blood lymphocytes be cultured
for at least 12-14 days ex vivo , we hypothesized that the number of naive T cells among patients’ peripheral
blood lymphocytes may influence the culture results including T cell cytotoxicity and amplification. ACT
utilizes CIK cells, genetically engineered T cells with chimeric antigen receptors (CARs), T cells and T cell
receptor (TCR) therapy, but the blood-based biomarkers that may be useful for predicting clinical response
are still completely unclear. CD27+PD-1-CD8+ T cell populations of less differentiated cells have been
used as blood-based biomarkers to predict clinical response in CAR T cell therapy [10]. Pre-clinical studies
have also reported that naive and less differentiated T cells have strong cell activity for long-term immune
response [11-16]. Moreover, the increased persistence of adoptively transferred cells appears to be dependent
upon the acquisition of naive or less differentiated populations [17-20].

Naive and less differentiated T cells have strong self-renewal and multipotent capacity to derive effector T
cells and are specific for multiple viral and self-tumor antigens [21]. Blood-based biomarkers are important
for predicting clinical response to immunotherapy. In CIK cell therapy, it is unclear whether naive and
less differentiated T cells will work as blood-based biomarkers to determine which patients will have a good
response. We hypothesized that patients with high absolute numbers of naive T cells in circulating blood
will have a better response to CIK cell therapy. This clinical trial was therefore designed to understand
whether naive T cells in circulating blood can serve as pretreatment biomarkers to determine which patients
will have a better response to CIK cell therapy.

Materials and Methods

Cells and cell cultures

The generation of CIK cells was based on a previous study [22]. Blood (80 mL) was obtained from heparinized
peripheral blood of all the patients. Peripheral blood mononuclear cells (PBMCs) were isolated by Ficoll-
Hypaque gradient centrifugation. Cells were cultured in X-15 medium containing 2% autologous serum and
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adhered for 1 hour. The suspension cells were stimulated with 1000 U/ml IFN-gamma for the first 24 hours,
then induced into CIK cells with 100 ng/ml OKT-3, 1000 U/ml RHIL-2 and 100 U/ml IL-1α. At 14 days,
the fraction of CIK cells were collected to assess their number, phenotype, and viability of cells, and to test
for possible contamination by bacteria, fungi, or endotoxins. Vitalities of CIKs determined by trypan blue
staining, CIKs activity and CD3+CD45+ T cells were accounted for more than 95% and 90% of total cells.
Then, autologous CIK (1.0-1.5*1010 cells) were transferred to patients via intravenous infusion.

Flow cytometry

Whole blood (100 μL) or 1 x 106 CIK infusion cells were stained for cell surface markers to analyze T
cell differentiation status. The following antibodies were used: anti-CD45RA-FITC; anti-CCR7-PE, anti-
CD3-PC7; anti-CD8-APC, anti-CD45RO-PC7 (Tube1); anti-CD45-APC, anti-CD25-PE, anti-Helios-FITC;
anti-CD4-PC7; anti-FoxP3-PC5.5 (Tube2); anti-CD45-APC, anti-CD8-PE, anti-CD56-FITC; anti-CD4-PC7;
anti-CD3-PC5.5 (Tube3); anti-CD45-APC, anti-CD8-PE, anti-HLA-DR-FITC; anti-CD4-PC7; anti-CD3-
PC5.5 (Tube4); anti-CD45-APC, anti-CD16-PE, anti-CD1c-FITC; anti-CD11c-PC7. All antibodies were
titrated before use, and fluorescence-minus-one (FMO) controls were created for each antibody panel to
set gates for positive events. For anti-lineage-PC5.5 (Tube5), cells were washed with phosphate-buffered
saline (PBS) and stained for viability using LIVE/DEAD Fixable Violet (Molecular Probes) for 15 min,
washed once and resuspended in fluorescence-activated cell sorting (FACS) buffer consisting of PBS, 1%
BSA and 5 mM EDTA. Cells were then incubated with the above indicated antibodies for 1 h at 4°C.
Samples were washed three times with FACS buffer and fixed in 1% paraformaldehyde. Positively-stained
cells were differentiated from background using FMO controls. Flow cytometry was performed using the BD
LSR Fortessa flow cytometer. Analysis was performed using Flowjo software (Tree Star Inc. version 10.1).
Absolute cell numbers were determined by relating the CD45+cell count from flow cytometry to the total
leucocyte count.

Patients and treatment plans

A total of 68 patients were selected with advanced solid tumors (including 42 lung cancers, 14 liver can-
cers, 9 colon cancers and 3 renal carcinomas) who had experienced disease progression after at least one
previous course of tumor-appropriate treatment for advanced or metastatic disease. Other inclusion criteria
included stopping any cancer therapy before enrollment, an age of 18 to 75 years, a life expectancy greater
than 12 weeks, an Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1, adequate
organ function, and lesions that could be evaluated using the Response Evaluation Criteria in Solid Tumors
(RECIST) guidelines. The following exclusion criteria were applied: previous treatment with anti-CTLA-4 or
anti-PD-1/PD-L1 therapy, any form of primary immunodeficiency or history of autoimmune disease, ongoing
systemic infections and concurrent systemic steroid therapy, and recruitment into other clinical trials. All
participating patients provided informed consent.

This open-label, phase I & II trial was approved by the Review Board and Clinical Research
Ethics Committee of The First Affiliated Hospital of Guangzhou Medical University. It’s registered
atwww.chictr.org.cn.(ChiCTR-OIC-17011679). All methods and procedures employed by this study were
performed in accordance with Good Clinical Practice guidelines and were in accordance with the principles
of the Declaration of Helsinki and local laws. All authors had access to the study data and reviewed and
approved the final manuscript. The enrolled patients received intravenous infusions of autologous CIK cells.
All participants received at least eight cycles of infusions (four cycles at weekly intervals followed by four
cycles every 2 weeks) or received cycles until they experienced disease progression or unacceptable adver-
se events (AEs) or withdrew consent. Patients with disease progression were removed from the study and
then received multidisciplinary synthetic therapy or were recruited into other clinical trials according to the
recommendations of physicians. If the patients had an objective response or stable disease after treatment,
they were viewed as eligible to receive additional cycles of maintenance treatment every 2 weeks. The design
and procedures used in the clinical trial are shown in Figure 1.

Treatment-Related Toxicities
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The most common AEs arising from treatment with CIK cells during the study were fever; all fevers rose no
higher than 38°C and spontaneously resolved within 12 h. Additional AEs observed were decreased albumin
levels, increased serum AST and ALT levels, anemia, leukopenia, thrombocytopenia, chills, hypothyroidism
and vitiligo. All grades of treatment-related AEs occurred in 25 of 68 patients (36.8%), and most of the
cytotoxicity assay results were grade 1 or 2 (22 of 25 patients, 88%). Grade 3 or 4 treatment-related AEs
were observed in only 3 patients (12%). One NSCLC and one CRC patient were observed with grade 3 fever,
and grade 3 chill was observed in another HCC patient during treatment (Table 1).

T cell proliferation assay

The PBMCs were obtained from heparinized peripheral blood of patients. Cells were put into 96-well plates
at 1×104 cells/well and cultured in X-VIVO 15 containing 2% autologous serum and allowed to adhere for 1
h. The suspended cells were then collected and induced to become CIK cells using 1,000 U/mL rhIFN-γ for
the first 24 h followed by stimulation with 100 ng/mL OKT-3, 1000 U/ml rhIL-2 and 100 U/mL IL-1α. The
cells were counted 1, 3, 5, 7, 9, 12 and 15 days later. All experiments were performed at least three times
and the mean was calculated.

Statistical analysis

The graphs represent the mean value+standard deviation (SD), unless otherwise indicated. A student’s t
test for paired data, Wilcoxon rank-sum test, or a one-way ANOVA were performed using GraphPad Prism
version 5.0 (GraphPad Software). Descriptive statistics were used to summarize the patient characteristics,
treatment-related AEs, overall responses and CIK cell phenotypes. The Mann-Whitney U-test was used
to compare continuous variables, and Fisher’s exact test was used for categorical variables between groups.
Survival rates were calculated using the Kaplan-Meier method. Overall survival (OS) was defined from the
date of first treatment to the date of death resulting from any cause or the date of last follow-up. Progression-
free survival (PFS) was calculated from the time of first treatment to the time of first disease progression or
last follow-up. A difference of p<0.05 was considered statistically significant in all the analyses.

Results

Patients with a high frequency of näıve T cells in circulating blood have better responses to
CIK immunotherapy.

To identify the specific factors in heparinized peripheral blood that predict why only certain patients have
strong responses to CIK treatment, we studied 68 patients with advanced solid tumors (including 42 lung
cancers, 14 liver cancers, nine colon cancers and three renal carcinomas) who received activated autologous
CIK cell treatment (Figure 1). The patient clinical characteristics are shown in Table 1. As shown in our
data, efficacy of treatment was not related to patient age, prior therapy, peripheral tumor burden, tumor
histology, ECOG PS or other typical factors (Table 1). We first tested the frequency of 11 leucocyte sub-
sets in the heparinized peripheral blood of patients before CIK treatment. The absolute and proportional
medians of the 11 leucocyte subsets in different clinical responses are presented in Table 2. As shown in
the hierarchical clustering of partial subsets of proportional data across all samples analyzed in a heatmap
representation, we divided the patient into three clusters of PD, SD and CR/PR. Näıve CD4+ and CD8+

T cells subsets contributed to the separation with higher frequencies (marked in green) observed in samples
from CR/PR patients, whereas samples from PD individuals contained fewer proportions (Figure 2A). The
näıve CD4+ and CD8+ T cell subsets were identified by surface markers: CD4+CD45RA+ CCR7+CD62L+

and CD8+CD45RA+ CCR7+CD62L+, respectively (Figure 2B and 2C). The patients who attained PR or
CR by CIK therapy had higher absolute numbers of näıve CD4+ and CD8+ T cells in heparinized peripheral
blood (näıve CD4+ means: PD vs SD vs CR/PR = 73 vs 108 vs 202; näıve CD8+ means: PD vs SD vs
CR/PR = 31 vs 62 vs 90) (Figure 2D and 2F). The frequency and absolute number of näıve CD4+ T cells
were significantly higher in the subset of patients who reached CR/PR than in PD or SD patients after
CIK therapy (Figure 2E and 2F). Moreover, the absolute number of näıve CD8+ cells was also higher in the
subset of patients who reached CR/PR than in PD or SD patients, but the frequency were no statistical
differences between CR/PR patients and PD/SD patients(Figure 2E and 1F). To summarize, our results
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indicated that patients who reached CR/PR after CIK therapy had higher absolute numbers of näıve CD4+

and näıve CD8+T cells.

The intrinsic potency of näıve T cells from heparinized peripheral blood drives the response
to CIK cell therapy.

T cells obtained from healthy donors and patients show variable proportions of T-cell subsets. Both CD4+

and CD8+ näıve cells (Tn) comprised a proportionately higher absolute number of healthy donor compared
with patients (298 cells/μL vs. 156 cells/μL, p < 0.001, for CD4+Tn, and 157 cells/μL vs. 56 cells/μL, p
< 0.001, for CD8+Tn). When there was only higher percentage of healthy donor compared with patients
in CD8+ näıve cells (44.6% vs. 17.5%, p < 0.001) (Figure 3A and 3B). We next compared the proliferation
of CIK cells from healthy donors and patients of absolute number of näıve CD4+ and näıve CD8+ cells in
peripheral blood. We found that T cells from healthy donors exhibited a significantly greater proportion
of näıve T cells compared to patients (Figure 3C and 3D). To understand whether CIK cells amplified
from healthy donors with high näıve T cell counts had more activity and cytotoxicity. The proliferation
of CIK cells that was associated with progressive differentiation during 15 days culture in vitro , and the
number of T cells displaying an immune exhaustion phenotype such as CD3+PD-1+Tim-3+were significantly
increased in samples from patients, but not in samples from healthy donors (Figure 3E ). However the
percentage of proliferating CIK cells (CD3+CD56+Ki67+) from healthy donors was significantly greater
than patients (Figure 3F). Moreover, cytotoxicity assays found that the in vitro cytolytic activity of CIK
cells after amplification was higher in the samples from healthy donors than in samples from patients (Figure
3G). In our study, the frequency of näıve T cell in the patients with CR/PR were higher then in PD or SD. To
determine if the higher proliferation rate and cytotoxicity of CIK cells amplified from patients with CR/PR
could be maintained as long-term persistent immune activity, we checked the frequency and absolute numbers
of näıve CD4+ and CD8+ cells in peripheral blood after 1 and 2 weeks transfer immunotherapy. Our results
showed that PR/CR patients maintained the high level of CIK cells (CD3+CD56+) (Figure 3H and 2I) and
IFN-γ -producing CIK cells (CD3+CD56+IFN-γ+) (Figure 3J and 3K) in peripheral blood. In summary,
these findings indicated that patients with high absolute number of näıve CD4+ and näıve CD8+ cells could
produce more CIK cells which likely play an important role in CIK immunotherapy.

High absolute number of näıve T cells exhibit enhanced potency and persistence in patients.

The CR/PR patients showed a high absolute number of näıve CD4+ and näıve CD8+ cells in peripheral
blood. To confirm that näıve T cells played an important role in the response to CIK immunotherapy, we
checked the frequencies and absolute number of T cell phenotypic markers in CIK immunotherapy patients at
days 5, 10, 15, 20, 30 and 35. We found that patients with a high näıve T cell count ([?]298 cells/μL in CD4+

Tn and [?] 157 cells/μL in CD8+ Tn) maintained a higher frequency of CIK cells(CD3+CD56+) in peripheral
blood after CIK cell immunotherapy (Figure 4A ). The frequency of effector-memory phenotype CIK cells
(CD3+CD56+IFN-γ+) was higher in patients with high vs low näıve T cell counts (Figure 4B). However,
CIK cells derived from patients with high numbers of näıve T cells exhibited a lower frequency of the immune
exhaustion phenotype (CD3+CD56+PD-1+Tim-3+) compared with patients with low numbers of näıve T
cells on days 5, 15 and 20 after CIK cell immunotherapy (Figure 4D). Moreover, the higher frequency
of effector-memory phenotype CIK cells in high count näıve T cell patients included higher numbers of
CD3+CD56+Ki67+cells on treatment days 5, 15 and 20. In summary, these findings indicated that the CIK
cells harvested from patients with high absolute numbers of näıve CD4+ and näıve CD8+cells could produce
more CIK cells and maintain sustained antitumor activity.

The absolute number of näıve T cell populations in patients predicts response to CIK cell
therapy.

Based upon the above results that patients with a high absolute number of näıve CD4+ and näıve CD8+

cells could produce more CIK cells and maintain sustained antitumor activity, we compared the absolute
number of näıve T cells to healthy donors (Mean = 298 in näıve CD4+ and 156 in näıve CD8+ cells) by
dividing the patients into groups with high näıve T cell counts (15 of 68) and low näıve T cell counts (53 of
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68). In the overall population, the ORR was 13.2% (9 of 68), while the ORR in patients with high näıve T
cell counts was 40% (6 of 15) compared to 5.7% (3 of 53) in patients with low näıve T cell counts. Moreover,
4.4% of patients with high numbers of näıve T cells (3 of 68) showed CR and 11.8% (8 of 68) showed PR,
but only one patient showed CR among the low näıve T cell-count patients. In addition, 23.5% (16 of 68) of
patients achieved SD and a disease control rate (DCR) of 42.6% (29 of 68). Two NSCLC patients with high
numbers of näıve T cells had greater than 50% target lesion reduction by 18 weeks (Figure 5C), and a patient
with high näıve T cell counts who experienced multiple brain metastases achieved CR after chemotherapy
and treatment with radio frequency ablation (Figure 5C). Among responders, 26.5% (18 of 68 patients) had
responded by month 4, including 21.6% (11 of 51) with low näıve T cell counts and 41.2% (7 of 17) with high
counts. Among responders, 22% of responses (4 of 18 patients) were ongoing, with response durations ranging
from 4 to 14.5+ months. Among patients with high näıve T cell counts, 42.9% (3 of 7) displayed an ongoing
response, including a liver cancer and NSCLC patient with PR who achieved an antitumor response for more
than 10 months after eight cycles of autologous CIK cell treatment. In contrast, only one patient with a low
näıve T cell count achieved an ongoing response after eight cycles of autologous CIK cell treatment (Figure
5D). The median PFS was significantly longer in 51 patients with low näıve T cell counts (5 months; 95%
CI 1-9 months) than in 17 patients with high numbers of naive T cells (8 months; 95% CI 2–14.5 months;
P<0.0026; Figure 5E).

Discussion

ACT is an important component of anti-tumor therapies. Although CIK cell immunotherapy has been
confirmed to be effective in solid tumors, many patients still display no response to ACT. The mechanisms
controlling which patients will respond to CIK cell immunotherapy are still unclear. Naive T cells that develop
in the thymus have long-term persistence over the human lifespan that could drive immune responses to new
antigens. Expansion of immune cells is an essential part of ACT immunotherapies. It is likely that innate
humoral and cellular immune deficiencies, including inherent T cell defects, will lead to T cell exhaustion and
treatment failure. We showed that the patients who reached CR/PR after CIK therapy had higher absolute
numbers of naive CD4+and naive CD8+ cells. Patients who achieved PR or CR by CIK therapy also had
higher absolute numbers of naive CD4+ and CD8+ T cells in heparinized peripheral blood.

Data from several preclinical immunotherapy studies suggest that the ability of T cells to engraft following
adoptive transfer is related to their state of differentiation, and effector CD8+ T cells derived from naive
rather than memory subsets possess superior traits for ACT [8-11]. Naive T cells present in the periphery
since birth are highly proliferative, with long telomeres and high levels of telomerase activity [22-26]. Based
on these studies, we investigated whether CIK cells amplified from patients with high naive T cell numbers
had more activity and cytotoxicity and found that the proliferation rate of CIK cells from patients with high
absolute numbers of naive T cells was significantly greater than in patients with low numbers of naive T
cells. Our findings showed that patients with high absolute numbers of naive T cells could produce more
CIK cells, indicating that naive T cells play an important role in CIK immunotherapy.

A study of CAR T immunotherapy found that CAR T cells derived from a shorter duration of ex vivo culture
could product less differentiated T cells, significantly enhanced effector function and enhanced immunological
activity in vivo [27]. To understand whether naive T cells were a critical factor that could affect the
response to CIK immunotherapy, we checked the frequencies and absolute number of T cell phenotypic
markers in CIK immunotherapy patients at days 5, 15 and 20. The frequency of effector-memory phenotype
CD8+ T cells (IFN-γ+CD3+) was higher in patients with high vs low numbers of näıve T cells. The higher
frequency of effector-memory phenotype CD8+ T cells (IFN-γ+CD3+) was associated with higher numbers
of Ki67+CD3+CD56+cells in these patients. These findings indicated that CIK cells harvested from patients
with high absolute numbers of näıve CD4+ and näıve CD8+ cells could produce more CIK cells and maintain
sustained antitumor activity.

ACT is a major immunotherapy, as some clinical trials have demonstrated [28, 29]. CIK immunotherapy
has potential benefits for several solid tumors including NSCLC; however, the factors that determine which
patients will have a positive response to CIK immunotherapy are still unclear. In our study, in order to
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confirm that näıve T cells play an important role in CIK immunotherapy, we first analyzed the relationship
between clinical response and näıve T cell content after CIK treatment. We found that the ORR was 13.2%
(9 of 68), but the ORR in patients with high counts of näıve T cells patients was 35% (6 of 17) compared to
5.9% (3 of 51) in patients with low counts. Moreover, 2.9% of patients (2 of 68) showed CR and 10.3% (7 of
68) showed PR, but only one of the CR patients had a low näıve T cell count. In addition, 23.5% (16 of 68)
of patients achieved SD and a DCR of 42.6% (29 of 68).

In summary, our results suggested that amplification of CIK cells from patients with high numbers of näıve
T cells significantly enhanced effector function, enhanced proliferative capacity and improved anti-tumor
efficacy in vivo . The patients with high absolute numbers of näıve T cells in circulating blood had a better
response to ACT, which demonstrated the potential of using pretreatment biomarkers of response in ACT.
The frequency of näıve T cells in circulating blood may serve as a biomarker to identify which patients will
have a better response to CIK cell immunotherapy. Our study thus provides critical information to establish
highly efficient CIK cell immunotherapy that may be applicable in various clinical settings.
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Figure 1. Flow diagram of eligible study population. A total of 68 patients were selected with advanced
solid tumors (including 42 lung cancers, 14 liver cancers, nine colon cancers and three renal carcinomas) who
had experienced disease progression after at least one previous course of tumor-appropriate treatment for
advanced or metastatic disease.

Figure 2. Näıve T cells from patients were related to CIK cell therapy response. (A) Cluster
analysis of flow cytometry data acquired from patients before CIK cell therapy. The measured values of
subsets of absolute blood cell numbers are displayed as heatmaps, which are colored per subset according to
mean-centered and sigma-normalized data (Z-scores). The top-bars indicate the PD, SD or PR/CR of each
individual. (B and C) Flow cytometry analysis of sorted human CD45RA+CCR7+CD62L+näıve CD8+ and
CD4+ T cells acquired from patinaiveents before CIK cels therapy. Numbers indicate the percentage of cells
in the gates. Graphs show PD vs SD vs PR/CR expression in the CD45RA+CCR7+CD62L+CD8+or CD4+

gate. (D, F, G, H) Percentages and absolute numbers of CD8+ (D and F) and CD4+(G and H) T cells in
subsets of patients with different clinical prognoses before CIK cells therapy (obtained as described in panel
C).

Figure 3. Light microscopic representation of CIK cells from patients with high and low numbers of näıve
T cells on days 3, 5, 9 and 13 after amplification in vitro . (B) Quantification of proliferation of T cells
after amplification in vitro . Cells were placed in 96-well plates (4,000 cells/well); the first bar represents
the unstimulated control cells, the second bar represents stimulated T cells. (C) The frequency of PD-
1+TIM3+CD8+cells in CIK cell expansions from patients with high and low numbers of näıve T cells at
the indicated time points. (D) The frequency of Ki67+CD8+ cells in CIK cell expansions from patients with
high and low numbers of näıve T cells at the indicated time points. (E) Cytolytic activity of non-activated
CIK cells expanded from patients with high and low numbers of näıve T cells in response to their respective
autologous tumor cells, which were obtained from two NSCLC patients. E:T ratio, effector cell to target
cell ratio. (F, G, H) The frequency of PD-1+TIM3+CD8+cells at each time point from PD (F), SD (G) or
PR/CR (H) patients before or after amplification in vitro . (I) The frequency of IFN-γ+CD3+CD56+cells
before and after amplification in vitro from patients in different response categories.

Figure 4. The CIK cells derived from patients with different frequencies of näıve T cells drive
the response to therapy. (A, B, C & D) The frequency of IL-2+CD3+CD56+(A), IFN-γ+CD3+CD56+(B),
PD-1+CD3+CD56+ (C) and Ki67+CD3+CD56+cells (D) before and on days 5, 10, 15, 20 and 25 after CIK
cell therapy in different response categories.

Figure 5. Patients with high numbers of näıve T cells show more potent and durable antitumor
responses in vivo. (A) Best percent change in target lesion tumor burden from baseline. Data only includes
patients with baseline target lesions and one or more post-baseline target lesion assessments with no missing
values (n = 66). Maximum percent reductions in target lesion tumor burden from baseline across all tumor
assessments before subsequent therapy were used. Positive change in tumor burden indicates tumor growth;
negative change in tumor burden indicates tumor reduction. Horizontal lines denote 30% decrease and 20%
increase. Not all reductions of [?]30% from baseline are partial responses (i.e., decrease in target lesion tumor
burden but new or progressive nontarget lesions). (B) Percent change in target lesion tumor burden from
baseline over time. Data only includes patients with baseline target lesions and one or more post-baseline
target lesion assessments with no missing values (n = 66). Horizontal lines denote 30% decrease, 20% increase
and no change. (C) MRI showing that a 43-year-old CRC patient with brain metastases who had a high
naive T count experienced a CR of the brain after eight cycles of CIK cell infusion (Top). Chest CT scans
showing a 51-year-old NSCLC patient with high numbers of naive T cells experienced PR of the lung after
four cycles of CIK cell infusion (middle). Chest CT scans showing a 48-year-old NSCLC patient with a high
naive T cell count experienced PR of the lung after four cycles of CIK cell infusion (bottom); the arrows
show regression of ascites. (D) Time to and duration of response. CR, complete response; DOR, duration
of response. (E) Progression-free survival (PFS). Data for PFS are based on an August 2018 database lock.
Symbols denote censored observations.
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