
Cancer Res Treat. 2013;45(4):325-333

pISSN 1598-2998, eISSN 2005-9256

http://dx.doi.org/10.4143/crt.2013.45.4.325

Ji-Won Kim, MD1,2

Youngil Koh, MD, MS1,2

Dong-Wan Kim, MD, PhD1,2

Yong-Oon Ahn, PhD2

Tae Min Kim, MD, PhD1,2

Sae-Won Han, MD, PhD1,2

Do-Youn Oh, MD, PhD1,2

Se-Hoon Lee, MD, PhD1,2

Seock-Ah Im, MD, PhD1,2

Tae-You Kim, MD, PhD1,2

Dae Seog Heo, MD, PhD1,2

Yung-Jue Bang, MD, PhD1,2

1Department of Internal Medicine, 
2Cancer Research Institute, 
Seoul National University
College of Medicine, Seoul, Korea

Purpose

Vascular endothelial growth factor (VEGF)-A, VEGF165b, interleukin (IL)-1β, and trans-

forming growth factor (TGF)-β1 are known to influence tumor angiogenesis. Clinical

implications of these cytokines need to be elucidated.

Materials and Methods

Using clinical data and baseline serum samples of 140 consecutive patients with 

advanced non-small cell lung cancer who received platinum-based combination

chemotherapy, we investigated the association among serum cytokine levels, treat-

ment outcomes, as well as leukocyte and platelet counts.

Results

The median age of patients was 64 years (range, 26 to 86 years). The male to female

ratio was 104:36. High TGF-β1 and IL-1β levels were associated with shorter progres-

sion-free survival, and high VEGF-A and IL-1β levels were associated with shorter over-

all survival in the univariate analysis. VEGF165b was not related to the treatment

outcomes. Leukocytosis and thrombocytosis were associated with shorter overall 

survival. The multivariate analysis demonstrated that VEGF-A, IL-1β, and leukocytosis

were significant prognostic factors (p=0.0497, p=0.047, and p<0.001, respectively).

Leukocytosis was not associated with recent pneumonia (p=0.937) and correlated

with VEGF-A (p<0.001) and TGF- β1 (p=0.020) levels.

Conclusion

Serum VEGF-A, TGF-1β, and IL-1β levels, in addition to leukocyte and platelet counts,

are shown to be associated with clinical outcomes. Leukocyte and platelet counts are

correlated with serum VEGF-A and TGF-β1 levels.
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Introduction

Angiogenesis, a process fundamental to tumor growth, is

regulated by angiogenic cytokines, such as vascular endothe-

lial growth factor (VEGF), transforming growth factor (TGF)-

β, and interleukin (IL)-1β [1,2].

Previously, a number of studies demonstrated that an 

elevated level of circulating VEGF-A was associated with

tumor aggressiveness and unfavorable survival in patients

with non-small cell lung cancer (NSCLC) [3]. In contrast,

VEGF165b, a splice variant of VEGF, inhibited VEGF-medi-

ated angiogenesis. The expression of VEGF165b was associ-

ated with slower tumor growth in vivo and benign tissue

expressed a higher level of VEGF165b than the malignant 

tissue [4]. However, there has been no report regarding

serum VEGF165b as a predictive or prognostic factor in 

patients with cancer.

TGF-β can induce VEGF in the fibroblastic and epithelial

cells in vivo and promote angiogenesis [5,6]. In patients with
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NSCLC, tumor TGF-β1 level was associated with angiogen-

esis, tumor progression, and prognosis [7]. In addition, 

TGF-β1 enhanced the lethal effects of DNA-damaging agents

in a human lung-cancer cell line [8]. Postoperative plasma

TGF-β1 levels in patients with operable breast cancer were

significantly higher compared to healthy individuals [9]. 

Preoperative plasma TGF-β1 levels in patients with 

advanced breast cancer and prostate cancer are associated

with metastasis and disease progression [10,11]. However,

the clinical role of serum TGF-β1 level in patients with

NSCLC has not yet been well established.

IL-1β, an inflammatory cytokine, was identified as an 

essential initiating trigger of VEGF-dependent angiogenesis

[2]. Serum IL-1β level in patients with ovarian cancer was 

significantly higher compared with healthy controls, and 

significantly decreased after surgical intervention [12]. 

However, clinical implications of serum IL-1β in patients

with NSCLC are still uncertain.

On the other hand, VEGF-A and TGF-β1 are stored in and

released from leukocytes and platelets, as well as tumor cells

[3,7,13-15]. IL-1β is also produced by the peripheral blood

mononuclear cells, as well as tumor cells [2,16]. Serum

VEGF-A level was correlated with leukocyte or platelet

counts of the peripheral blood [17,18]. However, the associ-

ation between serum TGF-β1 or IL-1β levels and leukocyte

or platelet counts in cancer patients has not been studied 

previously.

In this study, we aim to elucidate clinical implications of

these cytokines as predictive or prognostic markers, and to

correlate among serum cytokine levels, baseline leukocyte or

platelet counts, and treatment outcomes.

Materials and Methods

1. Patient population

Patients with solid tumors, who were planned to receive

chemotherapy, were asked to participate in the pharmacoge-

nomic study at Seoul National University Hospital (IRB 

Registration No. H-0610-020-186). After obtaining informed

consent, patients donated blood for research purposes, and

were registered in the database. From this database, we 

selected patients with stage IIIB or IV NSCLC who were

treated with platinum-based combination chemotherapy as

a first-line treatment between September 2005 and Septem-

ber 2008. Patients with histologically confirmed NSCLC were

eligible for this study. Platinum-based combination chemoth-

erapy was defined as cisplatin or carboplatin, plus one of the

following: taxane, gemcitabine, vinorelbine, and etoposide.

Patients who received concurrent chemoradiation as a first-

line treatment or who had any history of prior chemother-

apy, including adjuvant therapy, were excluded.

2. Study objectives

The main objective of this study was to evaluate the asso-

ciation between VEGF-A, VEGF165b, IL-1β, and TGF-β1 serum

levels and treatment outcomes of patients. In addition, the

correlation of serum cytokine levels with leukocyte or

platelet counts was evaluated. The prognostic impact of

leukocyte or platelet counts was also studied.

3. Acquisition of clinical data

Data regarding patient demographics, pathologic classifi-

cation, treatment response, progression-free survival (PFS),

and overall survival (OS) were obtained via a medical record

review. We also collected clinical data regarding leukocyte

and platelet counts at the time of serum sampling, along with

the history of infection requiring antibiotics treatment within

1 month prior to chemotherapy. Patients who had smoked

more than 100 cigarettes during the lifetime were defined as

smokers. Tumor histology and subtypes were classified by

the World Health Organization (WHO) criteria [19]. The

treatment response was evaluated using a computed tomog-

raphy scan by the Response Evaluation Criteria in Solid 

Tumors (RECIST) ver. 1.0 [20]. PFS was calculated from the

initiation of chemotherapy to documented disease progres-

sion or death from any cause. OS was calculated from the

start of chemotherapy to death from any cause.

4. Quantification of serum cytokines

Serum samples acquired before chemotherapy were used

for this study. The blood samples were collected and allowed

to clot before centrifugation. Serum was removed and stored

in liquid nitrogen until used. To measure cytokine levels

from the baseline serum samples, enzyme-linked immunoso-

rbent assay (ELISA) was performed, using commercially

available kits, following the manufacturer’s instructions for

the following markers: VEGF-A (R&D Systems, Minneapolis,

MN), VEGF165b (R&D Systems), IL-1β (R&D Systems), and

TGF-β1 (R&D Systems). To measure serum levels of latent

complexes of TGF-β1, the activation procedure by acidifica-

tion was performed before ELISA as the manufacturer’s 

instructions.

The capture antibody was diluted to the working concen-

tration in phosphate buffered saline without carrier protein.

A 96-well microplate was coated with the diluted capture 

antibody. The plate was sealed and incubated overnight at
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room temperature. After incubation, each well was aspirated

and washed with wash buffer three times. Each well was

then blocked with block buffer and incubated at room 

temperature for 1 hour. Each well was aspirated and washed

again with a wash buffer three times. When the plate was

prepared, the samples or standards in an appropriate diluent

were added to each well. The plate was covered with an 

adhesive strip, which was then incubated at room tempera-

ture according to the manufacturer’s instructions. After 

incubation, each well was washed with a wash buffer three

times. Then, the detection antibody was added to each well.

The plate was covered with a new adhesive strip and incu-

bated at room temperature. After incubation, each well was

washed again with a wash buffer three times. The working

dilution of streptavidin-HRP was added to each well. The

plate was covered and incubated again at room temperature,

avoiding any direct light. After incubation, each well was

washed again with a wash buffer three times. A substrate 

solution was added to each well. Then, the plate was incu-

bated again at room temperature, avoiding any direct light.

After incubation, a stop solution was added to each well. The

optical density of each well was determined using a 

microplate reader (Multiskan Ascent, MTX Lab Systems, Inc.,

Vienna, VA), which was set to 450 nm with wavelength 

correction at 540 nm. Using measured optical density values,

the concentration of each well was calculated. The samples

were assayed in duplicate.

5. Statistical analysis

The median PFS and OS were calculated using the Kaplan-

Meier method. The univariate and multivariate analyses of

categorical variables was performed using logistic regres-

sion. The univariate and multivariate analyses of risk factors

for survival data were performed using the Cox proportional

hazard model. Variables with a p-value in the univariate

analysis of less than 0.05 were selected for the multivariate

analysis. Mann-Whitney U test was used to compare two 

different groups, consisting of non-parametric continuous

variables. To correlate between serum cytokine levels and

leukocyte counts, the Pearson correlation was used. 

Two-sided p-values below 0.05 were considered statistically

significant. SPSS ver. 17.0 (SPSS Inc., Chicago, IL) software

was used for all the statistical analyses.

6. Ethical considerations

Signed informed consents for chemotherapy and blood

sample collection for the pharmacogenomic study were 

obtained from all patients before treatment. The protocol of

this study was reviewed and approved by the institutional

review board of Seoul National University Hospital (IRB

Registration No. H-0906-071-284) and conducted in accor-

dance with the precepts established by Helsinki Declaration.

Results

1. Patient characteristics

A total of 140 patients were enrolled in this study. The 

median age of patients was 64 years (range, 25 to 86 years).

One hundred four patients (74.3%) were male. Ninety 

patients (64.3%) were previous or current smokers. Tumor

histology was as follows: adenocarcinoma in 73 patients

(52.1%), squamous cell carcinoma in 29 patients (20.7%),

large cell neuroendocrine carcinoma in 4 patients (2.9%), and

not otherwise specified cases in 34 patients (24.3%). Twenty-

four patients (17.1%) were initially diagnosed with stage IIIB

disease. Among the other 116 patients (82.9%) with initial

stage IV, 109 patients initially had metastatic disease and 7

patients had recurrent disease after curative treatment. East-

ern Cooperative Oncology Group performance status were

grade 0 in 11 patients (7.9%), 1 in 107 patients (76.4%), and 

2 in 22 patients (15.7%). Chemotherapy regimens were as 

follows: taxane plus platinum in 98 patients (70.0%), gemc-

itabine plus platinum in 41 patients (29.3%), and etoposide

plus platinum in 1 patient (0.7%).

During a median follow-up of 20.5 months (range, 1.0 to

40.7 months), 125 patients (89.3%) experienced disease 

progression and 82 patients (58.6%) died. The treatment 

response could be evaluated in 132 patients. The response

rate of platinum-based combination chemotherapy was

47.0%. The median PFS was 3.9 months (95% confidence 

interval [CI], 3.0 to 4.7 months). The median OS was 13.0

months (95% CI, 9.7 to 16.3 months).

2. Serum cytokine levels and treatment results

The median VEGF-A level was 660 pg/mL (range, 49 to

3,722 pg/mL). VEGF165b levels were detectable (＞15.6

pg/mL) by ELISA in 17 samples (12.1%). The median TGF-

β1 level was 11,180 pg/mL (range, 511 to 41,210 pg/mL). 

IL-1β levels were detectable (＞1.56 pg/mL) by ELISA in 19

samples (13.6%). The associations among serum cytokine 

levels were not statistically significant (data not shown).

The results of the univariate analysis are shown in Table

1. Smoking history was a significant factor for OS (p=0.020).

Histology was a significant factor for the treatment response

(p=0.038) and OS (p=0.013). The performance status was a

Ji-Won Kim, VEGF, TGF-β1, and IL-1β in NSCLC
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significant factor for PFS (p＜0.001) and OS (p=0.001). The

association between cytokine levels and treatment responses

was not significant. Patients with high VEGF-A levels

(≥1,000 pg/mL, n=41) had shorter OS (median, 8.2 months

[95% CI, 4.6 to 11.8 months] vs. 13.8 months [95% CI, 8.6 to

19.0 months]; p=0.035). VEGF165b was not associated with

clinical outcomes of patients. High TGF-β1 levels (≥10,000

pg/mL, n=77) were associated with shorter PFS (median, 3.1

months [95% CI, 2.4 to 3.8 months] vs. 4.9 months [95% CI,

4.0-5.8 months]; p=0.025). High IL-1β levels (≥3.00 pg/mL,

n=10) were associated with shorter PFS (median, 3.5 months

[95% CI, 1.9 to 5.1 months] vs. 4.2 months [95% CI, 3.2 to 5.3

months]; p=0.046) and OS (median, 7.1 months [95% CI, 4.5

to 9.7 months] vs. 13.5 months [95% CI, 9.9 to 17.1 months];

Table 1. Univariate analysis for treatment response, progression-free survival, and overall survival

No. of Treatment response Progression-free survival Overall survival
Variable

patients (%) RR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Age (yr)

＜60 48 (34.3) 1 1 1

≥60 92 (65.7) 1.66 (0.80-3.47) 0.699 0.93 (0.64-1.35) 0.177 1.12 (0.72-1.76) 0.605

Gender

Male 104 (74.3) 1 1 1

Female 36 (25.7) 0.73 (0.33-1.61) 0.433 0.87 (0.71-1.06) 0.169 0.61 (0.36-1.04) 0.067

Smoking history

Absent 50 (35.7) 1 1 1

Present 90 (64.3) 1.51 (0.73-3.10) 0.264 1.33 (0.92-1.92) 0.131 1.75 (1.09-2.81) 0.020

Histology

ADC 73 (52.1) 1 1 1

SCC 29 (20.7) 2.64 (1.06-6.63) 0.038 1.03 (0.65-1.62) 0.907 1.39 (0.80-2.42) 0.242

LCNEC 4 (2.9) 3.11 (0.27-36.0) 0.364 0.94 (0.30-3.02) 0.922 1.44 (0.44-4.68) 0.543

NOS 34 (24.3) 1.46 (0.63-3.38) 0.372 1.25 (0.81-1.92) 0.314 1.88 (1.15-3.10) 0.013

Stage

IIIB 24 (17.1) 1 1 1

IV 116 (82.9) 0.46 (0.19-1.15) 0.096 1.03 (0.65-1.62) 0.909 0.98 (0.57-1.70) 0.952

ECOG PS

0 or 1 118 (84.3) 1 1 1

2 22 (15.7) 0.59 (0.23-1.53) 0.278 2.68 (1.66-4.32) ＜0.001 2.48 (1.47-4.20) 0.001

Chemotherapy regimens

TP 98 (70.0) 1 1 1

Othersa) 42 (30.0) 0.56 (0.26-1.21) 0.140 0.87 (0.71-1.06) 0.163 0.99 (0.78-1.26) 0.925

VEGF-A (pg/mL)

＜1,000 99 (70.7) 1 1 1

≥1,000 41 (29.3) 1.48 (0.70-3.10) 0.302 1.07 (0.73-1.57) 0.718 1.62 (1.03-2.53) 0.035

VEGF165b (pg/mL)

＜20.0 126 (90.0) 1 1 1

≥20.0 14 (10.0) 0.59 (0.19-1.88) 0.376 0.95 (0.54-1.66) 0.857 0.72 (0.36-1.46) 0.367

TGF-β1 (pg/mL)

＜10,000 63 (45.0) 1 1 1

≥10,000 77 (55.0) 0.75 (0.38-1.50) 0.423 1.51 (1.05-2.16) 0.025 1.33 (0.86-2.06) 0.198

IL-1β (pg/mL)

＜3.00 130 (92.9) 1 1 1

≥3.00 10 (7.1) 1.45 (0.37-5.65) 0.595 2.12 (1.01-4.43) 0.046 2.38 (1.09-5.20) 0.030

RR, relative risk; CI, confidence interval; HR, hazard ratio; ADC, adenocarcinoma; SCC, squamous cell carcinoma; LCNEC, large

cell neuroendocrine carcinoma; NOS, not otherwise specified; ECOG PS, Eastern Cooperative Oncology Group performance 

status; TP, taxane+platinum; VEGF, vascular endothelial growth factor; TGF, transforming growth factor; IL, interleukin. a)Others

include gemcitabine+platinum and etoposide+platinum.
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p=0.030).

The results of the multivariate analysis are shown in Table

2. After adjustment for performance status, which was a 

significant variable in the univariate analysis, high TGF-β1

and IL-1β levels tended to be associated with a high risk of

disease progression with a marginal significance (p=0.075

and p=0.070, respectively). VEGF-A (Fig. 1A) and IL-1β (Fig.

1B) were significant prognostic factors (p=0.0497 and p=
0.047, respectively) after adjustment for smoking history, 

histology, and performance status.

3. Serum cytokine levels and baseline leukocyte or platelet

counts

Serum VEGF-A levels were correlated with leukocyte

counts (r=0.422, p＜0.001) (Fig. 2A) and platelet counts

(r=0.462, p＜0.001; data not shown). Serum TGF-β1 levels

were also correlated with leukocyte counts (r=0.197, p=0.020)

(Fig. 2B) and platelet counts (r=0.359, p＜0.001; data not

shown). However, serum VEGF165b and IL-1β levels were 

associated with neither leukocyte counts (p=0.071 and

Table 2. Multivariate analysis for progression-free survival and overall survival

Progression-free survival Overall survival
Cytokine

Adjusted HRa) (95% CI) p-value Adjusted HRb) (95% CI) p-value

VEGF-A (pg/mL)

＜1,000 - 1

≥1,000 - - 1.57 (1.00-2.47) 0.050c)

TGF-β1 (pg/mL)

＜10,000 1 -

≥10,000 1.39 (0.97-2.00) 0.075 1 -

IL-1β (pg/mL)

＜3.00 1 1

≥3.00 1.98 (0.94-4.15) 0.070 2.24 (1.01-4.98) 0.047

HR, hazard ratio; CI, confidence interval; VEGF, vascular endothelial growth factor; TGF, transforming growth factor; IL, inter-

leukin. a)Adjusted for performance status, b)Adjusted for smoking history, histology, and performance status, c)This value

(0.04968……) is less than 0.05.
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Fig. 1. Overall survival according to serum vascular endothelial growth factor (VEGF)-A (A) and interleukin (IL)-1β levels

(B). Serum VEGF-A (A) and IL-1β (B) levels were a significant prognostic factors (p=0.0497 and p=0.047, respectively) after

adjustment for smoking history, histology, and performance status.
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p=0.378, respectively) nor platelet counts (p=0.495 and

p=0.816, respectively).

4. Baseline leukocyte or platelet counts and treatment 

results

The median leukocyte and platelet counts at the time of

treatment were 7,505/mm3 (range, 3,940 to 55,560/mm3) and

278,000/mm3 (range, 68,000 to 692,000/mm3), respectively.

The effects of the baseline leukocyte and platelet counts on

OS are shown in Table 3. High leukocyte counts (≥9,000/

mm3, n=39) and high platelet counts (≥400,000/mm3, n=20)

were significant risk factors for OS in the univariate analysis.

After adjustment for smoking history, histology, and 

performance status, the baseline leukocyte count was an 

unfavorable prognostic indicator (p＜0.001) (Fig. 3).

5. History of infection and baseline leukocyte or platelet

counts

Nineteen patients (13.6%) required antibiotics treatment

for pneumonia within 1 month before the initiation of

chemotherapy. No other infectious diseases developed. All

patients had recovered from pneumonia, and antibiotics

were stopped at the time of treatment. No significant associ-

ation was found between the history of pneumonia and 

baseline leukocyte counts (p=0.937). The baseline platelet

counts were also not significantly different according to the

history of pneumonia (p=0.775).
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Fig. 2. Correlation between serum vascular endothelial growth factor (VEGF)-A (A) or transforming growth factor (TGF)-

β1 (B) levels and leukocyte counts. Serum VEGF-A (r=0.422, p＜0.001) and TGF-β1 levels (r=0.197, p=0.020) were significantly

correlated with leukocyte counts.

Table 3. Effects of baseline leukocyte or platelet counts on overall survival

Overall survival
Variable

HR (95% CI) p-value Adjusted HRa) (95% CI) p-value

Baseline leukocyte count (/mm3)

＜9,000 1 1

≥9,000 2.62 (1.68-4.07) ＜0.001 2.49 (1.58-3.94) ＜0.001

Baseline platelet count (/mm3)

＜400,000 1 1

≥400,000 1.90 (1.10-3.28) 0.021 1.56 (0.86-2.83) 0.142

HR, hazard ratio; CI, confidence interval. a)Adjusted for smoking history, histology, and performance status.
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Discussion

As previously reported [3], serum VEGF-A level was a

poor prognostic factor in this study. A previous study

demonstrated that high tumor VEGF levels predicted a poor

response to chemotherapy in patients with advanced breast

cancer [21]. However, in the present study, serum VEGF-A

level was associated with neither treatment response nor

PFS.

On the other hand, VEGF-A exists as a number of isotypes,

resulting from alternative pre-mRNA splicing. While most

VEGF isotypes promotes angiogenesis, several anti-angio-

genic VEGF isotypes have also been identified. Among them,

the most dominant isotype is VEGF165b [4,22]. Since there has

been no study regarding the predictive or prognostic role of

serum VEGF165b level in patients with cancer, we focused on

the clinical implication of VEGF165b in this study. However,

we could not find any significant association between serum

VEGF165b levels and treatment outcomes. Given that serum

VEGF165b was not detectable by ELISA in most patients, the

predictive or prognostic role of serum VEGF165b level is still

inconclusive, and these associations should be evaluated

again in further studies using more accurate quantification

methods than ELISA.

Previously, tumor TGF-β1 level was reported to correlate

with angiogenesis, tumor progression, and prognosis in 

patients with NSCLC [7]. In addition, TGF-β1 enhanced the

lethal effects of DNA-damaging agents in a human lung-

cancer cell line [8]. From these results, we hypothesized that

serum TGF-β1 level might be associated with the chemother-

apy response and prognosis. The univariate analysis demon-

strated that high serum TGF-β1 level was significantly

associated with shorter PFS, although this association was

not statistically significant in the multivariate analysis. This

subject needs to be evaluated again from future studies.

In this study, only 19 out of 140 patients (13.5%) had 

detectable (＞1.56 pg/mL) serum IL-1β levels. Nevertheless,

in the univariate analysis, we could find that a subset of 

patients with serum IL-1β levels higher than 3.00 pg/mL 

exhibited unfavorable clinical outcomes. This novel finding

suggests that serum IL-1β level can be a useful predictive or

prognostic marker in patients with advanced NSCLC. 

However, due to a limitation of the quantification method

and marginal significance for PFS in the multivariate analy-

sis, this result needs to be validated in further studies using

a more accurate assay method and a larger patient cohort

than those we used.

Normally, VEGF-A is stored in and released from leuko-

cytes and platelets [3,13]. Previous studies showed that

serum VEGF-A level was correlated with leukocyte or

platelet counts of the peripheral blood, as well as tumor 

volume in patients with NSCLC [17,18]. During the coagu-

lation process, activated platelets release VEGF in a rapid dis-

charge reaction [23,24]. Our results also showed that serum

VEGF-A levels were significantly correlated with both leuko-

cyte and platelet counts. Besides VEGF-A, TGF-β1 are stored

in and released from leukocytes and platelets [7,14,15]. IL-1β

is also reported to be produced by leukocytes [2,16]. 

However, the association between serum TGF-β1 or IL-1β

levels and leukocyte or platelet counts has not been well

known. In the present study, serum TGF-β1 levels were 

significantly correlated with both leukocyte and platelet

counts, while serum IL-1β was not.

Since serum VEGF-A level was a significant prognostic 

factor and significantly related to leukocyte and platelet

counts, we evaluated the role of the baseline leukocyte and

platelet counts as prognostic factors. Interestingly, leukocy-

tosis and thrombocytosis were significantly associated with

shorter OS in the univariate analysis, and the multivariate

analysis showed that leukocytosis was an unfavorable prog-

nostic factor. Since many other infectious causes, such as

pneumonia, are able to induce leukocytosis, we compared

the baseline leukocyte or platelet counts between patients

with infection and those without. However, the baseline

leukocyte or platelet counts were not significantly different

between the two groups. In summary, high serum VEGF-A

level was significantly associated with leukocytosis, and both

leukocyte count and serum VEGF-A level were significant

prognostic factors. In addition, these associations were inde-

pendent from the previous history of infectious diseases.

A previous study demonstrated that the VEGF content of
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Fig. 3. Overall survival according to leukocyte counts.

Leukocyte count was an unfavorable prognostic factor 

(p＜0.001).
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the isolated peripheral blood mononuclear cells and platelets

was higher in cancer patients compared to healthy individ-

uals [13]. In another study, serum VEGF levels were signifi-

cantly higher than the matched plasma VEGF, and the

difference between serum VEGF and plasma VEGF was also

significantly higher in cancer patients with normal platelet

levels than in normal controls [25]. Hence, cancer patients,

compared to normal individuals, have more amount of

VEGF, which was derived from leukocytes and platelets.

These results suggest that non-specific inflammation induced

by the tumor, irrespective of infection history, may result in

leukocytosis, and that leukocytosis may contribute to 

increased production of angiogenic cytokines, such as VEGF-

A and TGF-β1. As a result, the increased production of 

angiogenic cytokines may promote angiogenesis and tumor

growth. If this vicious cycle can be blocked in cancer patients,

tumor growth can be retarded or inhibited. Therefore, block-

ing this cycle could be a possible therapeutic target.

Conclusion

Serum VEGF-A, TGF-β1, and IL-β1 levels, as well as leuko-

cyte and platelet counts were significantly associated with

clinical outcomes in patients with advanced NSCLC. In 

addition, leukocyte and platelet counts were significantly

correlated with serum VEGF-A and TGF-β1 levels. Our 

results suggest that the increased production of angiogenic

cytokines, such as VEGF-A and TGF-β1, from leukocytes and

platelets induced by tumor-associated inflammation may

promote angiogenesis and tumor growth, and may result in

unfavorable treatment outcomes and prognosis in patients

with advanced NSCLC.
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