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Abstract

Background Lung cancer is the leading cause for cancer-

related mortality and morbidity, and the survival of late-

stage non-small cell lung cancer (NSCLC) remains poor.

We hereby evaluate conventional chemotherapy followed

by immunotherapy using dendritic cells and cytokine-

induced killer cells in the treatment for late stage of

NSCLC.

Methods Twenty-eight untreated patients suffered from

IIIB to IV NSCLC were enrolled in the study between

August 2004 and October 2005, and all received four

courses of vinorelbine–platinum (NP) chemotherapy.

Fourteen of them received conventional NP chemotherapy

followed by vaccinated with CEA (605–613) peptide-

pulsed autologous dendritic cells and CIK cells. Vaccina-

tion was repeated at 30-day intervals for 4 cycles. The

adverse effects, time to progression (TTP), and overall

survival (OS) in each group were evaluated.

Results The adverse effect as a result of chemoimmuno-

therapy was mild and tolerable. Rash, acne, and pruritus

were more frequent in the chemoimmunotherapy group

than in the chemotherapy group (64.2% vs. 7.1%,

P = 0.004). Non-infectious fever was more frequent in the

chemoimmunotherapy group than in the chemotherapy

group (71.4% vs. 21.4% P = 0.02). Less grade 3/4 fatigue

was observed in patients receiving chemoimmunotherapy:

7.1% versus 57.1% in chemotherapy group, P = 0.01.

Compared with patients in chemotherapy group, time to

progression in chemoimmunotherapy significantly pro-

longed, with the median improved from 5.2 months (95%

CI: 3.3–6.0) to 6.9 months (95% CI: 5.0–8.8) (P = 0.03).

The 1-, 2-, and 5-year survival rates were 64.3, 49, and

21.0%, respectively in chemoimmunotherapy group.

Overall survival rate showed no statistically difference

between two groups (P = 0.18).

Conclusions Chemoimmunotherapy could alleviate

adverse effects of conventional chemotherapy and prolong

survival for patients with late-stage NSCLC.
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Introduction

Lung cancer is one of the most common cancers today, and

non-small cell lung cancer (NSCLC) is a leading cause of

cancer-related fatalities [1]. It is often diagnosed at an

advanced stage that is only amenable to palliative therapy

[2]. Chemotherapy is the current standard treatment for

advanced stage NSCLC. The median survival time of

patients with stage IIIB and stage IV disease is about

1 year [3]. The toxicity profiles of chemotherapy include

gastrointestinal, marrow-suppressive, and infective disor-

ders. The limited efficacy and moderate toxicity of che-

motherapy for lung cancer have justified the development

of novel therapeutic modalities [3].

Among various approaches, immunotherapy has become

one promising strategy to provide clinical benefits for these

patients. Immunotherapy, based on the knowledge that the

immune system can distinguish cancerous cells from
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normal cells, may represent one new approach with low

toxicity and high specificity. Increasing evidence suggests

that immunotherapy can increase survival and quality of

life of patients suffered from lung cancer [4, 5].

Dendritic cells (DCs) are the most potent antigen-pre-

senting cells in the body, and they are responsible for the

initiation of both innate and adoptive immune responses.

Vaccination of DCs pulsed with tumor-associated antigen

(TAAs) induces protective immune responses. Several

studies have shown that specific CTLs can be generated by

human DCs pulsed with TAAs in cancer patients. Some

studies employed preidentified TAA or synthetic peptides

containing CTL epitopes of known TAA as the source of

antigens. Carcinoembryonic antigen (CEA) is an 18-kDa

glycoprotein. It is widely used as a serological marker of

lung cancer because of its overexpression in the later.

These findings, together with the high prevalence of CEA

in NSCLC, seem to make it possible for CEA peptide-

pulsed DC vaccination to induce specific immune response

[6–8]. We therefore selected CEA as the antigen of choice

for active immunotherapy and used CEA605–613, restric-

ted with HLA-A2, for loading onto DC.

Cytokine-induced killer (CIK) cells are cytotoxic

lymphocytes generated from peripheral lymphocytes by a

cytokine cocktail including anti-CD3 monoclonal anti-

body. They possess an enhanced cytotoxicity and a higher

proliferation than lymphokine-activated killer (LAK) cells

[9]. Several studies show that interactions between DC

and CIK cells caused changes in the surface molecule

expression of both populations, led to an increase in IL-12

secretion, and rendered an improved cytotoxic activity

[10–12]. Therefore, DC combining with CIK may have a

major impact on immunotherapeutic protocols for patients

with cancer.

Preclinical data accumulated in recent years suggest that

the combination of immunotherapy with chemotherapy

might provide significant benefit. However, to date, there is

no data to evaluate clinical efficacy of conventional che-

motherapy followed by DC/CIK immunotherapy in

patients suffered from late-stage NSCLC.

The initial results of this study provide clinical evidence

supporting the hypothesis that the combination of DC/CIK

immunotherapy with chemotherapy, called chemoimmu-

notherapy, could result in benefit for cancer patients with

advanced disease.

Patients and methods

We performed a paired study to compare the clinical out-

comes of patients with stage IIIB–IV receiving the com-

bination of chemotherapy and immunotherapy containing

CEA-pulsed dendritic cells (DC) and cytokine-induced

killer cells (CIK) (chemoimmunotherapy) and chemother-

apy alone. Patients had histologically proven non-small cell

lung cancer (NSCLC) according to the WHO criteria.

Participants were required to have elevated CEA level in

peripheral blood, ranging from 6 to 394 ng/ml (cutoff

value: 5 ng/ml). Mononuclear cells (MNC) obtained from

patients were phenotyped for HLA-A2 allele by flow

cytometry. Patients who are HLA-A2 positive were eligible

for this clinical trial. Each patient in the study had an

Eastern Cooperative Oncology Group performance status

score B2. All patients had adequate bone marrow, liver,

and renal functions. Patients who had metastatic disease in

the central nervous system, autoimmune disease, or active

acute or chronic infection were excluded. Between August

2004 and October 2005, 28 patients were enrolled in this

study. Patients were randomized in the chemoimmuno-

therapy group or chemotherapy group. Patients were

monitored for progression of their tumor by computed

tomography every 4 weeks. CEA level was measured

before and after treatment using chemiluminescence-based

technique. Toxicity was graded according to the National

Cancer Institute Common Toxicity Criteria v.2.0 grading

system. This study was approved by the ethical committee

of Shanghai Chest Hospital, and written informed consents

were obtained from all the patients before enrollment. The

primary end point was the assessment of toxicity. The

secondary end points were the time of progression (TTP)

and overall survival (OS).

Treatments

Fourteen patients in the chemotherapy group received 4

cycles of vinorelbine with platinum (NP) chemotherapy. In

each cycle, vinorelbine (25 mg/m2) was given at day 1, day

8, and cisplatin (75 mg/m2) was given at day 1. For the

chemoimmunotherapy group, peripheral blood was used

for the preparation of DC/CIK before each chemotherapy.

DC/CIK was administrated intravenously after NP was

given in the same way as in the chemotherapy group.

Patients in the chemoimmunotherapy group totally

received four treatments for DC/CIK at intervals of

1 month. Clinical examinations of these patients were

performed by oncology specialists weekly or biweekly,

including a complete blood count, chest computed

tomography scan, and liver and kidney function

examinations.

Preparation of DCs

Peripheral blood mononuclear cells (PBMC) from a 100-ml

blood specimen were enriched by density gradient centri-

fugation with Ficoll-Paque. PBMC were resuspended in ex

vivo with 1% autologous heat-inactivated serum, plated at
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a concentration of 5 9 106 cells/ml, and allowed to adhere

to 10-cm2 dishes. Non-adherent cells were removed after

4 h at 37�C in a humidified incubator for the CIK cells

preparation, and the adherent cells were cultured at 37�C

for 7 days in ex vivo supplemented with 1% heat-inacti-

vated autologous serum in the presence of 1,000 U/ml

granulocyte-macrophage colony-stimulating factor (GM-

CSF) (Leukomax; Novartis International AG, Basel,

Switzerland), 500 units/ml recombinant human interleukin

(IL-4) (GMP-grade, Strathmann Biotec AG, Hannover,

Germany).

Peptide loading

The CEA peptide (YLSGANLNL; CEA605–613) was

from Boya Biotech Company (Shanghai, China) with at

least 95% HPLC-grade purity. All preparations were tested

to be free of endotoxins. On day 8, DC were incubated with

the CEA peptide at a concentration of 10 lg/ml for 12 h.

DC were then harvested, resuspended at concentration of

1 9 106/ml in 0.9% normal saline, and administrated

intravenously.

Generation of cytokine-induced killer cells

Non-adherent PBMC were prepared and grown in ex vivo

medium containing 1,000 units/ml of human recombinant

interferon (IFN-c) (Boehringer, Mannheim, Germany)

added on day 0. After 24 h of incubation, 50 ng/ml of

antibody against CD3 (Orthoclone OKT 3; Cilag GmbH,

Sulzbach, Germany) was added. Cells were incubated at

37�C in a humidified atmosphere of 5% CO2 and subcul-

tured every 3 days in fresh complete medium containing

1,000 U/ml IL-2 at 3 9 106 cells/ml. On day 9, CIK cells

resuspended in 0.9% normal saline were administrated

intravenously.

Statistical analyses

The result of CEA level was expressed as mean ± SD.

Results were analyzed by paired t test. The comparisons of

clinical characteristics and severity of treatment-related

toxicity were performed using Fisher exact test. Time to

disease progression (TTP) was calculated from the date of

initiation of treatment to the date of disease progression or

death. Overall survival (OS) was the time between the first

day of treatment and the date of death or the date on which

patients were last known to be alive. Correlations of the

methods of treatment with TTP and OS were determined

with the Kaplan–Meier method and its associate log-rank

statistic. Differences were considered statistically signifi-

cant when P \ 0.05 (two-tailed).

Results

Patients and treatment administration

Between August 2004 and October 2005, 28 patients were

enrolled in this study. The demographic and pathologic

characteristics of 28 patients were depicted in Table 1.

Patients treated with chemoimmunotherapy in this study(6

men and 8 women) had a median age of 50 (range 39–68),

and patients treated with chemotherapy (7 men and 7

women) had a median age of 48 (range 40–65). The most

common histological NSCLC subtype in chemoimmuno-

therapy was adenocarcinoma: 71.4% versus 78.5% in

chemotherapy group. Most of patients in each group had

stage IV disease (71.4%).

Characteristics of chemoimmunotherapy

In the chemoimmunotherapy group (Table 2), the average

number of DC injected was 8.1 ± 2.5 (106)and that of CIK

injected was 13.3 ± 3.5 (108). Serum CEA level was

considered evaluated when the value increased 25% of the

baseline. CEA level decreased 25% of the baseline was

defined decreasement. Otherwise, it was defined stable. In

chemoimmunotherapy group, CEA level decreased in 3

patients (21.4%), while it was stable in 9 patients (64.2%).

Grade 1–3 skin toxicity occurred in 9 patients (64.2%), and

grade 1–4 non-infective fever toxicity occurred in 10

patients (71.4%).

Table 1 Patient characteristics in two groups

Characteristics Chemoimmunotherapy Chemotherapy

Number 14 14

Sex

Male 6 7

Female 8 7

ECOG performance status

0 2 1

1 4 6

21 8 7

Stage statue

IIIB (T 4 alone) 1 1

IIIB (N3 alone) 1 2

IIIB (T4 N3 both) 2 1

IV 10 10

Tumor histology

Adenocarcinoma 10 11

Squamous cell 3 3

Large cell 1 0
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Adverse event

Severe treatment-induced hematological toxicities includ-

ing grade 3/4 anemia (28.5% vs. 42.8%, P = 0.69) and

grade 3/4 leucopenia (71.4% vs. 92.8%, P = 0.32) occur-

red more frequently in the chemotherapy only group. With

regard to non-haemotologic toxicities, nausea events

(64.2% vs. 92.8% P = 0.16) were significantly more fre-

quent in the chemotherapy group. Rash, acne, and pruritus

were more frequent in the chemoimmunotherapy group

than in the NP group (64.2% vs. 7.1%, P = 0.004). Non-

infectious fever was more frequent in the chemoimmuno-

therapy group than the NP group (71.4% vs. 21.4%

P = 0.02). Less grade 3/4 fatigue was observed in patients

receiving chemoimmunotherapy: 7.1% versus 57.1% in NP

group, P = 0.01. One patient (7%) in chemotherapy group

experienced febrile neutropenia.

Time to progression and overall survival

All 28 eligible patients were assessed for TTP and OS. At

the time of the analysis, there were 25 deaths and 3 patients

confirmed alive. The median time to progression of patients

in chemoimmunotherapy is 6.9 months (95% CI: 5.0–8.8)

and 5.2 months (95% CI: 3.3–6.0) in the chemotherapy

group. (P = 0.03) (Fig. 1).

The 1-, 2-, and 5-year survival rates in chemoimmuno-

therapy were 64.3, 49.8, and 21%, respectively. Overall

survival showed numeric improvement in chemoimmuno-

therapy, but there is no statistical difference. (P = 0.18),

(Fig. 2).

Discussion

Increasing clinical studies suggest that immunotherapy

may represent another solution to improving cancer treat-

ment. It is generally accepted that the advantage of CIKs

lies in its specificity with the ability to directly lyse tumor

cell and to secrete IFN-c and TNF-a.

Table 2 Chemoimmunotherapy of patients

Patient Average number of

DC administrated (106)

Average number of CIK

administrated (108)

Serum

CEA

Toxicity of

skin (�)

Non-infective

fever (�)

1 11.5 ± 1.9 18.9 ± 2.3 : 0 I

2 6.5 ± 0.98 12.5 ± 2.5 ; I III

3 7.6 ± 1.7 11.3 ± 0.8 ? II I

4 12.25 ± 2.8 11.2 ± 2.2 ? 0 0

5 5.4 ± 2.5 9.9 ± 0.4 ? 0 I

6 6.6 ± 0.85 19.4 ± 0.8 ? II 0

7 7.5 ± 3.3 10.8 ± 0.9 ? III 0

8 8.2 ± 0.8 16.3 ± 2.2 ? I I

9 5.5 ± 2.5 17.7 ± 0.6 ? II 0

10 10.5 ± 0.7 13.8 ± 1.9 ; III II

11 8.9 ± 0.7 9.7 ± 0.4 : 0 I

12 8.2 ± 1.0 10.4 ± 0.9 ; I IV

13 6.7 ± 0.9 10.9 ± 1.1 ? 0 III

14 10.4 ± 2.6 11.8 ± 1.2 ? II II

The average number of immune cells and adverse event in each patient of chemoimmunotherapy group were shown. CEA level decreased in 3

patients (21.4%), while it was stable in 9 patients (64.2%)

Time to progression
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Fig. 1 Time to progression in chemoimmunotherapy group showed

statistically improvement (long dash) compared with chemotherapy

only (solid dash) (P = 0.03). The median time to progression is 6.9

(95% CI: 5.0–8.8) and 5.2 (95% CI: 3.3–6.0), respectively
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Dendritic cells, known as the most powerful antigen-

presenting cells, have been under intense investigation as

components of antitumor vaccines, specifically as a deliv-

ery mode for tumor antigens. Identification and selection of

appropriate antigens for DC loading is very important in

the development of DC-based immunotherapy.

Here, we launch an open-label phase I/II clinical trial to

compare chemoimmunotherapy containing CEA-pulsed

DC and CIK with conventional chemotherapy.

A major aim of this study was to examine the safety and

feasibility of the combination treatment using DC/CIK

vaccination and conventional chemotherapy. The combi-

nation therapy was well tolerated, and it appeared that

adverse effects commonly seen in the conventional che-

motherapy were less likely to occur in the chemoimmu-

notherapy group, although there was no evidence of

statistical significance. Furthermore, chemoimmunotherapy

relieved fatigue commonly seen in the conventional che-

motherapy. Skin toxicity and non-infective fever were

observed in the course of chemoimmunotherapy. However,

they were generally mild, transient, and manageable with

supportive care.

To further assess the clinical efficacy of chemoimmu-

notherapy, we evaluated the time to progression and the

overall survival rate. We found that chemoimmunotherapy

can prolong time to progression significantly from 5.2 to

6.9 months in patients with late-stage NSCLC. This finding

indicates that DC/CIK immunization could synergize

with chemotherapy to provide potent systemic antitumor

activity. There are a number of potential mechanisms that

could explain the observed effect. Firstly, cell death fol-

lowing chemotherapy may have a profound influence on

the subsequent immune response. Secondly, chemotherapy

depletes regulatory T cells, potentially enhancing immune

responses. Thirdly, post-chemotherapy immune system

reconstitution may provide a unique opportunity for ther-

apeutic intervention by shaping the repertoire toward

reactivity to tumor antigens. Finally, chemotherapy might

change the cytokine profiling in DC toward their immu-

nostimulating potential. In our opinion, the reduction in

adverse effects by DC/CIK immunization may play an

important role in improving the overall anticancer activity.

Other possibilities are currently under investigation.

It is important to point out that in our preliminary study

with relative small sample size, we recruited only 28

patients. Further, studies are required to rigorously test this

treatment in the setting of a multi-center, randomized

clinically trial.

In conclusion, our study provided the direct clinical

evidence supporting the notion that the combination of DC-

CIK vaccination and conventional chemotherapy can

alleviate the toxicity profiles and prolong time to progres-

sion in late-stage NSCLC. Our data align well with the

theory by Dr. Shurin [13–15] that cancer vaccines may be

most effective in close combination with other treatments,

specifically, chemotherapy rather than as a single modality.

This concept may have board implications for the further

development of new vaccine strategies.
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