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Abstract. The aim of the present study was to evaluate
29 whole blood or serum indicators to identify factors able
to predict clinical outcome following cytokine-induced
killer (CIK) cell therapy combined with chemotherapy in
patients with advanced non-small cell lung cancer (NSCLC),
and to evaluate the 5-year prognosis of the patients. From
March 2008 to October 2013, 42 patients with advanced
NSCLC (stages III and IV) were enrolled in the study. These
patients were from a single hospital, and had been treated with
CIK therapy combined with chemotherapy. Evaluation of the
correlation between prognosis and age, gender, tumor stage,
surgery resection status, number of CIK therapy cycles, tumor
subtype, and the differential whole blood or serum indicators
were analyzed by Kaplan-Meier methods and the log-rank test.
The prognostic factors were analyzed by Cox proportional
models. The median progression-free survival (mPFS) time of
patients with high expression levels of albumin [20.0 months;
95% confidence interval (CI): 17.4-22.6 months] was signifi-
cantly longer than the mPFS for patients with low expression
levels of albumin (36.0 months; 95% CI: 24.7-47.3 months)
(P=0.034). Other factors demonstrated no significant differ-
ence. Following analysis using the Cox proportional hazards
regression model, the number of CIK therapy cycles (P=0.041)
and the expression level of albumin (P=0.038) were revealed
to be independent prognostic factors following the use of CIK
cell therapy combined with chemotherapy for patients with

Correspondence to: Professor Yaping Tian, Department of
Clinical Biochemistry, State Key Laboratory of Kidney Disease,
Chinese PLA General Hospital, 28 Fuxing Road, Beijing 100853,
P.R. China

E-mail: tianyp6l@gmail.com

Professor Weidong Han, Biotherapeutic Department, Chinese PLA
General Hospital, 28 Fuxing Road, Beijing 100853, P.R. China
E-mail: hanwdrsw69@yahoo.com

Key words: non-small cell lung cancer, cytokine-induced Killer,
chemotherapy, prognosis, albumin

advanced NSCLC. The risk of adverse outcomes in patients
receiving =4 CIK therapy cycles and in patients with increased
expression levels of albumin were 0.38 (95% CI: 0.14-1.13)
and 0.32 (95% CI: 0.10-1.24)-fold those of patients receiving
<4 CIK therapy cycles and with decreased expression levels
of albumin, respectively. The serum albumin concentration
may therefore be a predictor of the 5-year survival rate of
patients with advanced NSCLC treated with CIK cell therapy
combined with chemotherapy; patients with high expression
levels of albumin may have a better prognosis in comparison
with patients with low expression levels of albumin.

Introduction

Lung cancer is one of the most common cancers worldwide.
In the USA, an estimated 226,160 new cases were diagnosed
in 2012, accounting for 14% of cancer diagnoses. In addition,
lung cancer accounts for more mortalities than any other type
of cancer; an estimated 160,340 mortalities were reported in
2012, accounting for 28% of all cancer-related mortalities (1).
In China, lung cancer replaced liver cancer as the leading
cause of mortality in patients with malignant tumors in 2008,
and the mortality rate has increased by 464.84% in the past
three decades (2). Lung cancer has two major forms, namely
small cell lung cancer (SCLC) and non-small cell lung cancer
(NSCLCQ); the latter of these accounts for 85-90% of lung
cancer cases (3). As early detection methods are lacking, the
majority of NSCLC patients are diagnosed at an advanced
stage of disease (4). At present, the most common treatment
approaches for advanced NSCLC in clinical practice include
surgery, chemotherapy and radiation therapy; however, the
prognosis of surgery is poor due to the high incidence of recur-
rence. The effects of chemotherapy and radiation therapy are
also limited, associated with drug resistance and adverse reac-
tions (5). Therefore, novel and effective therapeutic strategies
are urgently required for advanced NSCLC in clinical therapy.

With the rapid development of cellular and molecular
immunology, the pathogenesis of cancer has been closely
linked to the host immune system (6). A number of researchers
and doctors have recognized immunological therapy as a prom-
ising therapeutic approach in the treatment of cancer when
following surgery, chemotherapy and radiation therapy (7,8).
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One type of immunological therapy uses cytokine-induced
killer (CIK) cells, which are peripheral blood mononuclear
cells (PBMCs) that have been stimulated by various cyto-
kines [interferon (IFN)-vy, anti-cluster of differentiation
(CD)3 antibodies, interleukin (IL)-1 and/or IL-2]. This
allows for the proliferation of effector cells, which include
non-specific T cells and natural killer (NK) cells, with
Ilymphokine-activated killer (LAK) activity. These prolif-
erative CIK cells simultaneously express the T-cell marker
CD3 and the NK cell marker CD56, which provide cytotoxic
effects in order to kill tumor cells. The CIK cells combine
the marked anticancer activity of T cells with the non-major
histocompatibility complex (MHC)-restricted anticancer
activity of NK cells (9). Compared with conventional
therapeutic approaches, CIK therapy has several advantages,
such as increased anticancer activity, a broader anticancer
spectrum, the ability to prevent tumor recurrence, and fewer
adverse reactions (10). CIK cells have been evaluated as
an adoptive immunotherapy by a number of clinical trials
investigating their clinical applicability in the treatment of
various kinds of cancers, including liver cancer (11), lung
cancer (12), melanoma (13), gastrointestinal cancer (14) and
renal cell carcinoma (15,16).

The efficacy and safety of chemotherapy and CIK
immunotherapy co-treatment and chemotherapy alone for
advanced NSCLC have been evaluated in previous studies;
however, these have mainly focused on short-time overall
survival (OS; <2 years), progression free survival (PFS) and
response rate (12,17-19). In addition, few studies on factors
predictive of clinical outcome in immune therapy have been
performed (20-23). Therefore, an effective prognostic factor
is urgently required to improve the effectiveness of CIK
therapy in advanced NSCLC patients. The aim of the present
study was to evaluate 29 whole blood or serum indicators
to identify factors that are predictive of clinical outcome
following CIK cell therapy combined with chemotherapy, and
to evaluate the 5-year prognosis of patients with advanced
NSCLC.

Materials and methods

Patient characteristics. The present study was approved by
the Ethics Committee of Chinese PLA General Hospital
(Beijing, China). Written informed consent was obtained
from all patients. All the procedures in this study were
conducted in accordance with the Declaration of Helsinki.
From March 2008 to October 2013, 42 patients with
advanced NSCLC (stages IIT and IV) were enrolled at the
Biotherapeutic Department of the Chinese PLA General
Hospital. All of the patients with NSCLC were administered
4-6 cycles of cisplatin- or carboplatin-based chemotherapy
regimens, including gemcitabine, pemetrexed or docetaxel.
All patients were treated with CIK cell therapy 7-10 days
following chemotherapy. CIK cell treatment was adminis-
tered at 1-month intervals. All 42 patients were eligible for
CIK maintenance treatment until they no longer agreed to
continue maintenance treatment or until disease progression
occurred. For each therapy cycle, patients were given an
infusion of 2-10x10° CIK cells. Data concerning age, gender,
tumor stage, surgery resection status, CIK therapy cycle and
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Table I. Characteristics of the 42 patients enrolled in the study.

Characteristic Number
Age

=60 years 21

<60 years 21
Gender

Male 25

Female 17
Stage

111 11

v 31
Surgery resection

Yes 8

No 34
Therapy cycles

>4 22

<4 20
Type

Squamous 30

Adenocarcinoma 6

Others 6

tumor subtype were also collected. Patient characteristics are
shown in Table I.

Preparation of CIK cells. All procedures used in CIK cell
preparation were performed within a sterile environment.
Expansion and culture of the CIK cells was performed in accor-
dance with a previous method (24). Peripheral blood (50 ml)
was collected, and PBMCs were extracted by Ficoll-Paque
density-gradient centrifugation (GE Healthcare Life Sciences,
Chalfont, UK). PBMCs were then washed three times in PBS,
and suspended in GT-T551 medium (2x10° cells/ml; Takara
Bio, Inc., Otsu, Japan), seeded into a 75-cm? culture flask, and
then placed into a 5% CO, incubator at 37°C. After 6 h, the
liquid was transferred into a new 75-cm? culture flask, which
had been pretreated with phosphate-buffered saline containing
5 ug/ml mouse anti-CD3 monoclonal antibody (cat. no. T210;
Takara Bio, Inc.) at 4°C overnight. This medium was then
supplemented with 0.6% serum from the patient. On day O,
1,000 U/ml recombinant human interleukin-2 (rhIL-2; Pepro-
tech, Inc. Rocky Hill, NJ, USA) and 10,000 U/ml recombinant
IFN-y (Peprotech Inc.) were added to the culture medium.
The cells were cultured in a humidified 5% CO, incubator at
37°C. Fresh GT-T551 medium with 1,000 U/ml rhIL-2 was
added every 3 days. CIK cells were harvested on day 14.
The collection criteria were as follows: i) The proportions of
CD3*, CD3*CD8* and CD3*CD56" cells were >95, >80 and
>20%, respectively, as determined by flow cytometry; ii) cell
viability, which was measured by Trypan blue staining, was
>95%; iii) contamination, such as bacteria, fungi, endotoxins
and Mycoplasma, could not be detected (as assessed by
researchers from the Department of Microbiology, Chinese
PLA General Hospital, Beijing, China); iv) the total number
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Figure 1. Flowchart of the CIK cell therapy. PBMC, peripheral blood mononuclear cell; CIK, cytokine-induced killer; rhIL-2, recombinant human inter-

leukin 2; s.c., subcutaneously.

of cells was 2-10x10°. The CIK cell therapy cycle is illustrated
in Fig. 1.

Flow cytometric analysis of phenotype. The CIK cells were
resuspended in 100 ul of PBS containing 15 pul of the following
monoclonal mouse antibodies: anti-CD4-fluorescein
isothiocyanate (FITC), anti-CD8-phycoerythrin (PE),
anti-CD3-chlorophyll protein complex (PerCP), included
within a Tritest kit (cat. no. 340298), in addition to 5 ul
anti-CD56-allophycocyanin (APC; cat. no. 555518) in the dark
for 30 min at 4°C, and then washed twice in PBS. The anti-
bodies and isotype control antibodies were purchased from
BD Biosciences (San Jose, CA, USA). These were used to stain
cell surface markers in order to identify the CIK phenotype.
Data acquisition was performed using a FACSCalibur flow
cytometer (BD Biosciences).

Detection of 29 whole blood or serum indicators. A total
of 8 whole blood indicators that were tested, namely hemo-
globin, white blood cell (WBC) count, red blood cell (RBC)
count, platelet count, lymphocytes, monocytes, basophils and
eosinophils. These were detected using an XE-2100 Auto-
mated Hematology System kit (Sysmex Corporation). A
total of 21 serum indicators were tested, which were: Lactate
dehydrogenase (LDH), alkaline phosphatase (ALP), alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
total protein (TP), albumin (ALB), total bilirubin (TB), direct
bilirubin (DB), total bile acid (TBA), y-glutamyl amino-
transferase (YGGT), urea (UR), creatinine (CR), uric acid
(UA), carbon dioxide (CO,), neuron-specific enolase (NSE),
carcino-embryonic antigen (CEA), a-fetoprotein (AFP),
carbohydrate antigen (CA)125, CA724, CA153 and CA199.
Detection kits for LDH, ALP, ALT, AST, TP, ALB, yGGT,
UR, CR, UA, CO,, NSE, CEA, AFP, CA125, CA724, CA153
and CA199 were provided by Roche Diagnostics (Basel,
Switzerland). DB and TB detection kits were provided by
Hitachi Chemical Diagnostics (Mountain View, CA, USA).
TBA detection kits were provided by Strong Biotechnologies
(Beijing, China). LDH, ALP, ALT, AST, TP, ALB, yGGT,
UR, CR, UA, CO,, DB, TB and TBA were detected using a
Hitachi 7600 automatic biochemical analyzer (Hitachi, Tokyo,

Japan). NSE, CEA, AFP, CA125, CA724, CA153, and CA199
were detected using a Roche E170EE automated immunoassay
analyzer (Roche Diagnostics).

Prognosis evaluation. The median progress free survival
(mPFS) was used to evaluate the prognosis of the patients with
advanced NSCLC receiving CIK cell therapy combined with
chemotherapy. Patients without a known date of mortality
were reported as indicated at the time of the last follow-up.

Statistical analysis. All statistical analysis was performed
using SPSS software (version 13 for Windows; SPSS, Inc.,
Chicago, IL, USA) and GraphPad Prism (version 6 for
Windows; GraphPad Software, Inc., La Jolla, CA, USA). All
data are reported as median (25th percentile, 75th percentile).
The indicators were compared between pre- and post-therapy
by paired t-test, and the indicators between different CIK
cell therapy cycles were also compared by paired t-test. The
survival curves were calculated by the Kaplan-Meier method,
and differences between survival curves were compared by
the log-rank test. Log-rank tests were also used to conduct
the single factor analysis for age, gender, tumor stage, surgery
resection status, CIK therapy cycle, tumor subtype information,
and differential whole blood or serum indicators. Multivariate
analysis was performed using the Cox's proportional hazards
regression model to evaluate the significance of prognostic
factors. P-values <0.05 were considered to indicate a signifi-
cant difference.

Results

Comparison of peripheral lymphocyte subsets. The percent-
ages of CD3*, CD3*CD4*, CD3*CD8*, CD3*CD56* and
CD8*CD56*peripheral lymphocyte subsets, and the CIK/PBMC
ratio in the first and second cycles of therapy were compared
with those in PBMCs, as reported in Fig. 2. The percentage of
CD3*CD4* lymphocytes in the CIK group were significantly
reduced when compared with the PBMC group in the first cycle
(P<0.001) and second cycle (P<0.001) of therapy (Fig. 2A and
D). The percentage of CD3*CD8* lymphocytes in the CIK group
revealed a significant increase when compared with the PMBC
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Figure 2. Comparison of the percentages of peripheral lymphocyte subsets and the ratio of CIK/PBMC in the first cycle and second cycle of therapy.
(A) CD3*CD4* lymphocytes, (B) CD3*CD8" lymphocytes and (C) CD3*CD56* lymphocytes in the first cycle; (D) CD3*CD4* lymphocytes; (E) CD3*CD8*
lymphocytes and (F) CD3*CD56* lymphocytes in the second cycle; CD3* lymphocytes in (G) the first cycle and (H) the second cycle; (I) The ratio of CIK
and PBMC in the first cycle (CIK/PBMC-1) and second cycle (CIK/PBMC-1) CIK, cytokine-induced killer; PBMC, peripheral blood mononuclear cell; CD,

cluster of differentiation.

group in the first cycle (P<0.001) and second cycle (P<0.001) of
therapy (Fig. 2B and E). The percentage of CD3*CD56* lympho-
cytes in the CIK group was also significantly increased when
compared with that in the PBMC group in the first (P=0.001)
and second cycles (P<0.001) of therapy (Fig. 2C and F). Further-
more, the percentage of total CD3* lymphocytes in the CIK
group was significantly increased when compared with that in
the PBMC group in the first cycle (P<0.001) and second cycle
(P<0.001) of therapy (Fig. 2G and H). The CIK/PBMC ratio in
the first and second cycles of therapy was also compared. The
CIK/PBMC ratio in the second cycle was significantly reduced
when compared with that in the first cycle of therapy (P<0.001).
However, no significant difference was observed between the
percentage of total CD8*CD56" lymphocytes in the CIK group
and the PBMC group following the first and second cycles of
therapy (both P>0.05; data not shown).

Comparison of whole blood routine and serum biomarker
tests. In addition to conducting an analysis of immune indi-
cators, 29 whole blood and serum biomarker indicators were
analyzed, the results of which are shown in Table II. The
hemoglobin (P<0.001) and RBC counts (P=0.001) of the whole
blood analyses were significantly reduced in the advanced
lung cancer patients post-therapy when compared with those
pre-therapy (Fig. 3A and B). The levels of hemoglobin in the
pre-therapy group were 125.00 (115.75, 135.50) mg/ml, and in
the post-therapy group were 112.00 (102.50, 122.00) mg/ml.
The RBC count in the pre-therapy group was 4.03 (3.74, 4.41)
x10'%/1, and in the post-therapy group was 3.67 (3.40, 4.01)
x10'%/1. No significant difference in the other indicators in the
whole blood analyses (WBC count, platelet count, lymphocytes,
monocytes, basophils and eosinophils) were observed between
pre-therapy and post-therapy in the patients with advanced
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Table II. Comparison of 29 whole blood routine and serum biomarker indicators between pre-and post-therapy in 42 patients

with advanced lung cancer.

Indicator Pre-therapy Post-therapy P-value
Hemoglobin, mg/ml 125.00 (115.75, 135.50) 112.00 (102.50,122.00) <0.001*
WBC count, x10%1 5.36 (4.66,7.04) 5.17 (4.28,6.98) 0.795
RBC count, x10'%/1 403 (3.74,4.41) 3.67(3.40,4.01) 0.001*
Platelet count, x107%/1 246 (184.50,297.50) 255.5 (185.50,310.00) 0.163
Lymphocytes, % 0.27 (0.21,0.31) 0.313(0.210,0.37) 0.400
Monocytes, % 0.72 (0.61,0.90) 0.076 (0.063,0.093) 0.575
Basophils,% 0.003 (0.002, 0.006) 0.004 (0.002, 0.007) 0918
Eosinophils, % 0.014 (0.09,0.028) 0.02 (0.010,0.037) 0.058
LDH, U/l 173.6 (138.6,244.9) 182.075 (138.75,246.48) 0.772
ALP, U/l 78.25 (61.20,99.15) 71.3 (60.50, 96.48) 0.992
ALT, U/l 17.05 (13.88,26.60) 17.7 (14.04, 26.60) 0.341
AST, U/l 19.35 (15.30, 23.55) 18.6 (16.05, 26.80) 0.971
TP, g/l 64.70 (60.60, 72.20) 64.6 (62.55, 68.00) 0.147
ALB, g/dl 40.10 (37.88,43.43) 37.95(34.38,41.71) 0.013*
TB, ymol/l 9.85(7.83,11.95) 8.65(6.38,11.20) 0.190
DB, ymol/l 2.85(2.08,4.23) 2.5(1.79,4.35) 0.902
TBA, pmol/l 3.75(2.95,6.78) 3.2(2.55,4.25) 0.119
vGGT, U/l 33.33 (21.50,56.98) 33.25(23.15,61.33) 0.668
UR, mmol/l 4.78 (3.79,5.70) 426 (3.40,5.52) 0470
CR, pmol/l 66 (56.20,73.10) 61.73 (52.04,79.96) 0.425
UA, pmol/l 286.6 (248.53,324.65) 27445 (230.23,353.80) 0.830
CO,, mmol/l 27 (25.68, 28.73) 27.33 (26.05,28.48) 0.389
NSE, ng/ml 11.55(9.75,16.69) 12.55(10.07, 19.13) 0.338
CEA, ng/ml 5.24(1.81,19.04) 6.25 (291, 56.10) 0.489
AFP, U/l 2.84(2.13,3.92) 3.02(2.37,3.96) 0.552
CA724,U/ml 6.1 (191, 14.20) 492 (2.05,8.47) 0.025*
CA153,U/ml 20.01 (13.62, 32.60) 2743 (16.57,51.93) 0.237
CA199, U/ml 12.04 (6.14,20.03) 12.8 (8.34,38.64) 0.134
CA125,U/ml 53.38 (19.75, 110.40) 30.34 (17.69, 124.60) 0.462

Values are presented as median (25th percentile, 75th percentile). *Significant difference between pre- and post-therapy. WBC, white blood
cell; RBC, red blood cell; LDH, lactate dehydrogenase; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotrans-
ferase; TP, total protein; ALB, albumin; TB, total bilirubin; DB, direct bilirubin; TBA, total bile acid; yGGT, yglutamyl aminotransferase; UR,
urea; CR, creatinine; UA, uric acid; CO,, carbon dioxide; NSE, neuron-specific enolase; CEA, carcino-embryonic antigen; CA, carbohydrate

antigen.

lung cancer. In the serum biomarker test, the ALB (P=0.013)
and CA724 (P=0.025) levels revealed a significant reduction in
the patients with advanced lung cancer post-therapy compared
with those pre-therapy (Fig. 3C and D). The levels of ALB in
the pre-therapy group were 40.10 (37.88, 43.43) g/dl, and in
the post-therapy were 37.95 (34.38, 41.71) g/dl. The levels of
CAT724 in the pre-therapy group were 6.10 (1.91, 14.20) U/ml,
and in the post-therapy group were 4.92 (2.05, 8.47) U/ml.
The other indicators in the serum biomarker test (including
LDH, ALP, ALT, AST, TP, TB, DB, TBA, yGGT, UR, CR, UA,
CO,, NSE, CEA, AFP, CA153, CA199, and CA125) revealed
no observable significant difference between pre-therapy and
post-therapy in the advanced lung cancer patients.

Differential indicators in continuous therapy cycles.
Following analysis of the differential indicators between

pre- and post-therapy in the advanced lung cancer patients, the
differential indicators hemoglobin, RBC, ALB, and CA724
were compared between different numbers of continuous
therapy cycles. No significant difference in concentration of
hemoglobin was observed between 2 vs 4 cycles (P=0.542),
4 vs. 6 cycles (P=0.476) or 6 vs. 8 cycles (P=0.279; Fig. 4A).
No observably significant difference in RBC counts was
detected between 2 vs. 4 cycles (P=0.276), 4 vs. 6 cycles
(P=0.441) and 6 vs. 8 cycles (P=0.188; Fig. 4B). However, the
data report in Fig. 4C reveal that the concentration of albumin
was significantly reduced as the number of therapy cycles
increased; 2 vs. 4 cycles (P=0.041), 4 vs. 6 cycles (P=0.012),
6 vs. 8 cycles (P=0.047). The concentration of albumin at 4,
6 and 8 cycles of therapy was 36.64 (36.08,41.40),35.70 (30.15,
39.90) and 33.70 (26.25, 36.60) g/dl, respectively. No signifi-
cant difference was observed in concentration of CA724
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Figure 3. Differential whole blood or serum indicators pre-therapy and post-therapy in patients with advanced lung cancer. (A) Hemoglobin concentration,
(B) red blood cell count, (C) albumin concentration and (D) carbohydrate antigen 72-4.

between 2 vs. 4 cycles (P=0.283), 4 vs. 6 cycles (P=0.490) or
6 vs. 8 cycles (P=0.358; Fig. 4D).

Univariate and multivariate survival analysis. The results of
log-rank test analysis, as shown in Table III, indicated that age,
gender, tumor stage, surgery resection status, the number of
CIK therapy cycles and tumor subtype were not significant
predictors of PFS (P>0.05). The mPFS time of the patients
with high expression levels of albumin [20.0 months, 95%
confidence interval (CI): 17.4-22.6] was longer than the mPFS
for patients with low expression levels of albumin (36.0 months,
95% CI: 24.7-47.3), as reported in Fig. 5. Following Cox regres-
sion analysis, it was identified that the expression of albumin
had a significant effect on the prognosis of patients following
CIK cell therapy combined with chemotherapy (P=0.034).

A Cox proportional hazards regression model was then used
to conduct a multivariate analysis of age, gender, tumor stage,
surgery resection status, CIK therapy cycles, tumor subtype,
and the expression of albumin, and the results are reported in
Table IV. The number of CIK therapy cycles (P=0.041) and the
concentration of albumin (P=0.038) were demonstrated to be
independent indicators in the prognosis of CIK cell therapy
combined with chemotherapy for patients with advanced
NSCLC. The risk of an adverse clinical outcome in patients
receiving =4 CIK therapy cycles patients was 0.38 (95% CI:
0.14-1.13)-fold that of the patients receiving <4 CIK therapy
cycles. The risk of an adverse clinical outcome in patients
with increased expression levels of albumin was 0.32 (95% CI:
0.10-1.24)-fold that of patients with lower expression levels

of albumin; patients with high expression levels of albumin
and receiving more CIK therapy cycles may therefore have a
better prognosis compared with patients with low expression
levels of albumin and receiving fewer treatment cycles. Other
factors, including age, gender, tumor stage, surgery resection
status and tumor subtype, did not appear to be independent
prognostic factors (P>0.05).

Discussion

The primary treatment approaches for cancers in clinical prac-
tice are surgical resection, chemotherapy and radiotherapy;
however, efficacy can be poor due to high rates of recurrence
and a poor prognosis. With the development of immunology and
understanding of the etiology of cancer development, immuno-
logical therapy has emerged as a promising treatment approach
for cancers. Previous studies have demonstrated that the adap-
tive and innate cellular immunity are important for antitumor
effects (25-27). Antitumor cellular immune activity can be
markedly enhanced by increased lymphocyte number (28,29).
Immunological therapy is conducted using autologous T cells
or NK cells, which are isolated from the cancer patients,
activated and expanded in vitro, the expanded T cells or NK
cells are then re-infused in vivo into the cancer patients. These
expanded cells simultaneously express the T-cell marker
CD3 and the NK cell marker CD56, which provides the cells
with cytotoxic activity, enabling them to kill tumor cells (30).
Immunotherapy is a promising therapy in the advancement
of cancer treatment; however, the efficacy of CIK therapy in
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the treatment of NSCLC remains controversial (17,31). The
main reason for this controversy is that there is no systematic,
multi-center, convincing clinical evidence to support the use
of this therapy in NSCLC. Although numerous studies have

been performed to investigate CIK therapy of NSCLC, the
majority of the studies have focused mainly on short-term
survival and the adverse reactions (32-34). Studies on the
factors associated with clinical outcome of immune therapy
are lacking. In the present study, by evaluating the predictive
value of 29 whole blood or serum indicators, the aim was to
identify a predictive factor for the 5-year survival prognosis
of CIK cell therapy combined with chemotherapy in patients
with advanced NSCLC. The therapeutic effects of immuno-
therapy are considered to be mainly dependent upon boosting
the immune system to exhibit anticancer activity.

In the present study, the percentage of CD3*CD56" lympho-
cytes in the CIK group significantly increased when compared
with that in the PBMC group in the first and second cycles.
This is consistent with the findings of previous studies (35,36),
and demonstrated the expansion of CD3*CD56* T-cells
in populations of PBMCs in the present study. Albumin is
known as a negative acute-phase protein in inflammation (37).
The reduction in albumin concentration may be used as a
biomarker of inflammation (38). In addition, malnutrition
and cachexia in cancer patients are current problems (39),
associated with the host response to tumor and anticancer
therapies, and ultimately result in poor survival (40). Serum
albumin is a useful indicator for estimating visceral protein
function; in the advanced stage of cancer, malnutrition and
inflammation suppress albumin synthesis (41). Lower levels
of serum albumin have been associated with poor survival
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Table III. Univariate analysis of factors for prognosis analysis
of patients with advanced lung cancer treated with CIK cell
therapy combined with chemotherapy.
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Table IV. Multivariate analysis (Cox model) of factors for
prognosis analysis of patients with advanced lung cancer
treated with CIK cell therapy combined with chemotherapy.

Kaplan-Meier single factor analysis

Correlative mPFS

factor No. (months) 95% CI ~ P-value

Age 0.219
>60 years 21 24.0 17.0-36.0
<60 years 21 390 18.0-41.0

Gender 0.350
Male 25 21.0 6.8-35.2
Female 17 36.0 19.2-52.7

Stage 0.287
I 11 48.0 32.3-63.7
v 31 334 24.6-43.1

Surgical resection 0.555
Yes 8 31.0 14.7-47.3
No 34 25.0 6.3-43.7

Therapy cycles 0.058
>4 22 39.0 22.0-55.9
<4 20 20.0 14.1-259

Type 0.148
Squamous 30 37.7 28.0-47.5
Adenocarcinoma 6 430 17.7-68.3
Others 6 222 7.8-36.5

Albumin 0.034°
Increased 19 20.0 17.4-22.6
Decreased 23 36.0 15.8-46.2

CIK, cytokine-induced killer; mPFS, median progression free sur-
vival; CI, confidence interval. *Significant difference.

across numerous studies (42-45). In the present study, it
was revealed that the patients with high expression levels of
albumin had a relatively better prognosis when compared
with patients with low expression levels of albumin, which
is consistent with the previous studies. Serum albumin levels
have also been associated with autoimmune symptoms, and
the appearance of autoimmune symptoms may be a predictive
indicator of better survival and prognosis following cancer
treatment (46). In patients with thyroid cancer, serum thyroid
auto-antibodies have been identified to be a positive prognostic
indicator (47). For melanoma patients treated with IFN-a2b,
autoimmune symptoms were demonstrated to predict better
overall survival rates (48.,49). These studies indicate that auto-
immune symptoms may positively correlate with the survival
time of patients. Immune cell infiltration by T helper 1 cells
and cytotoxic T cells may also be a promising prognostic indi-
cator (50). MHC class I chain-related gene A (MICA) protein
was demonstrated to be a potential indicator of the clinical
outcome in patients with advanced NSCLC (20,51). In addi-
tion, immunology score and tumor-associated antigens may
predict the outcome of immunotherapy (50,52). Until now, the

Cox multiple factor analysis

Correlative factor P-value Exp(B) 95% CI

Age 0.109 2.31 0.83-6.41
>60 years

<60 years
Gender

Male

Female

0.992 1.01 0.32-3.13

Stage 0.236 247 0.55-11.05
I

v

Surgical resection
Yes
No

Therapy cycles
>4
<4

Type
Squamous
Adenocarcinoma
Others

Albumin
Increased
Decreased

0.363 0.47 0.10-2.37

0.041* 0.38 0.14-1.13

0.166 1.54 0.84-2.82

0.038* 0.32 0.10-1.24

CIK, cytokine-induced killer; Exp(B), hazard ratio; CI, confidence
interval.

association between autoimmune symptoms and the prognosis
in patients with advanced NSCLC was unknown. The present
study revealed that albumin concentration may be an indicator
of the clinical outcome in patients with advanced NSCLC.

There are certain limitations to the present study. First, the
sample size was relatively small (the number of patients was
only 42) and following 2, 4, 6 and 8 cycles, the numbers of
matched patients were even fewer. This may create a bias in
the results, thus a greater number of patients are required in
future studies. Second, the present study was only performed
in a single center, and the results may be affected by the
patients enrolled, ages, gender, and so on. Multi-center vali-
dation should be performed to provide more representative
results. Third, the present study is prospective; a retrospective
study should be performed to validate the results in this study.
Fourth, due to inconsistency of therapeutic standards between
the present and previous studies, standardization of the therapy
process is necessary to ensure comparability between studies.
Lastly, any other factors that may cause high expression of
albumin should be investigated. Further studies are required
to evaluate the effect of other factors on the prognosis in
advanced NSCLC patients.



In conclusion, continuous evaluation of the expression of

albumin in serum in patients with advanced NSCLC may help
to predict the 5-year survival prognosis of the patients. Patients
with high expression levels of albumin may have a relatively
better prognosis compared with patients with low expression
levels of albumin. However, the expression of albumin should be
detected continuously in order to eliminate any other factors that
may cause abnormal increases in albumin levels. The present
study provides a potential prognostic indicator following CIK
cell therapy combined with chemotherapy in the treatment of
advanced NSCLC, and builds a theoretical basis for the person-
alized treatment for patients with advanced NSCLC.
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