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ABSTRACT

The aim of the study was to evaluate the relationship among leucocytosis, thrombocytosis and serum vascular endothelial
growth factor (VEGF) levels and their prognostic value in patients with NSCLC. Fifty-five patients with histopathological
and/or cytopathological diagnosed NSCLC were enrolled into the study. The patients were grouped as patients with leuco-
cytosis (>10.000/mm°) and/or thrombocytosis (>400.000/mm?°) (group 1), and others with none of them as a control group
(group 2). Serum VEGF levels were measured by ELISA. Group 1 had three subgroups: patients with leucocytosis (group
1a), patients with thrombocytosis (group 1b) and patients with both of them (group 1c). Survival of the patients were
analysed by Kaplan-Meier method. There was no survival difference between group 1 and 2, although there was a trend in
favour of control group. The patients with higher levels of serum VEGF had a shorter survival than others who had lower lev-
els, when the mean VEGF level of control group (206 pg/ml) was defined as cut-off value in group 1. The patients with leu-
cocytosis and thrombocytosis had significantly higher VEGF levels when compared with control group (p= 0.022). No sur-
vival difference was observed for groups 1a, 1b and 1c when compared with control group. In conclusion, serum VEGF lev-
els were significantly higher in patients who had leucocytosis and/or thrombocytosis although leucocytosis and/or throm-
bocytosis could not have been shown as a prognostic factor in patients with NSCLC. The association between serum VEGF
and leucocytosis/thrombocytosis could not have been concluded as a cause or result.
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OzZET

Inoperabl Kiiciik Hiicreli Disi Akciger Kanserinde L6kositoz, Trombositoz ve Serum Vaskiiler Endotelyal Biiyiime
Faktorii (VEGF) Seviyesinin Prognostik Onemi: Vaka-Kontrol Calismasi

Calismanin amaci; kuguk hicreli disi akciger kanserinde (KHDAK) I6kositoz, trombositoz ve serum vaskuler endotelyal
blytme faktort (VEGF) seviyesi arasindaki iliskiyi ve bunlarin prognostik énemini arastirmaktir. Histopatolojik ve/veya sitolo-
jik olarak KHDAK tanisi alan 55 hasta galismaya alinmistir. Lékositozu (>10.000/mm°) ve/veya trombositozu (>400.000/mm®)
olanlar grup 1, olmayanlar ise grup 2 olarak gruplandinimigtir. Serum VEGF seviyeleri ELISA yontemiyle ¢alisiimistir. Grup 1;
|6ositozu olanlar (grup 1a), tombositozu olanlar (grup 1b), her ikisi birlikte olanlar (grup 1c) olarak subgruplara ayrimistir.
Sagkalm analizleri “Kaplan-Meier” yontemine gore yapimistir. Grup 1 ve 2 arasinda sagkalm farki izlenmezken control
grubunun prognozu daha iyi olma egilimi gostermistir. Kontrol grubunun ortalama serum VEGF dUzeyi (206 pg/ml) grup 1
icin sinir olarak alindiginda, ylksek serum VEGF seviyesi olanlarin sagkalmi disik olanlara gére daha kisa bulunmustur.
Lokositoz ve trombositozu olanlarda serum VEGF dUzeyleri kontrol grubuna gére anlamli olarak daha ylksek bulunmustur
(p= 0.022). Grup 1a, 1b ve 1c ile control grubu arasinda sagkalim farki izlenmemistir. Sonug olarak, KHDAK’de I6kositoz
ve/veya trombositoz prognostik faktor olarak gosterilememesine ragmen Idkositoz ve/veya trombositozu olanlarda serum
VEGF duzeyleri daha ytksek bulunmustur. Serum VEGF dUzeyi ile I6kositoz/trombositoz arasindaki iliskinin sebep mi yoksa

sonu¢ mu oldugu netlestirilememistir.

Anahtar Kelimeler: Lokositoz, Trombositoz, Kugik hticreli disi akciger kanseri, Prognostik faktdr, Serum VEGF

INTRODUCTION

Non-small cell lung cancer (NSCLC) is the most
common malignancy and the leading cause of can-
cer deaths in developed countries. Patients with ad-
vanced stage NSCLC have a poor prognosis. The-
rapeutic improvement with new generation of cyto-
toxic agents seems to have reached a plateau.'”? The
most important prognostic factors in NSCLC are
stage and performance status.”*

The biological tumor characteristics might serve as
prognostic factors.”” The factors affecting tumor
growth such as angiogenesis have prognostic role
in many cancers.’ Vascular endothelial cell growth
factor (VEGF) plays an important role in the pro-
cess of angiogenesis.*® It has been demonstrated
that VEGF is overexpressed in 50-95% of patients
with NSCLC and reported to be associated with po-
or prognosis.”* However, the prognostic role of se-
rum VEGF concentration in NSCLC is still contro-
versial.'> We reported higher levels of VEGF in
NSCLC patients in our previous study. However,
there was no statistically significant difference in
terms of stage of the disease."” It has been reported
that leucocytosis and thrombocytosis might have
been associated with poor prognosis in NSCLC."*"
However, it is not known whether there is a relati-
onship between the leucocytosis/thrombocytosis
and serum VEGF levels in NSCLC.
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In this study, we evaluated the prognostic role of le-
ucocytosis and thrombocytosis, and their relations-
hip with serum VEGEF levels in patients with advan-
ced NSCLC.

PATIENTS AND METHODS

Patients younger than 70 years old with histologi-
cally and/or cytologically confirmed diagnosis of
locally advanced or metastatic NSCLC and without
previous treatment were included. ‘Eastern Coope-
rative Oncology Group (ECOG)’ performance sta-
tus was < 3. All of the patients have given informed
consent. The patients who had leucocytosis due to
infections or corticosteroid use were excluded.

Complete blood counts were performed before the
first cycle of the treatment. Serum samples for
VEGF were kept at -20°C until assayed.

The patients were divided into two groups accor-
ding to the existence of leucocytosis and/or throm-
bocytosis. Group 1 consisted of patients with le-
ucocytosis and/or thrombocytosis and group 2 con-
sisted of patients with none of them. In addition,
group 1 was divided into three subgroups: Patients
in group la had only leucocytosis, group 1b had
only thrombocytosis and group lc had both le-
ucocytosis and thrombocytosis.

Serum VEGF levels measurements are done by
ELISA (CytElisaTM human VEGF, Cytimmune Inc.).
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Statistical Analysis

Quantitative variables were described as the mean
+ standard error. Student’s t-test, Mann Whitney U
test, chi-square, and one-way ANOVA were used
for the statistical analysis. Tukey post-hoc compa-
risons were done between groups. Survival rates of
the patients were analyzed by Log-rank test, and
the curves were prepared according to the Kaplan-
Meier method.

RESULTS
Patient Characteristics

Fifty-five patients with inoperable advanced
NSCLC were enrolled to this study between Febru-
ary 2001 and January 2004. Twenty-six patients
with leucocytosis and/or thrombocytosis were inc-
luded in study group (group 1), and 29 patients wit-
hout leucocytosis or thrombocytosis were defined
as a control group (group 2). There was no differen-
ce between two groups in terms of gender, age, per-
formance status, stage of disease and treatment mo-
dality. The patient characteristics are shown in Table 1.

Serum VEGF Levels

Group 1 had significantly higher mean serum
VEGF levels when compared with group 2
(269.96+43.26 pg/mL and 144.17£25.97 pg/mL,
respectively; p= 0.016) (Table 1).

According to histological subtypes of NSCLC, the-
re was no significant difference between groups in
terms of serum VEGF levels, platelet and leucocy-
te counts (Table 2). Serum VEGEF levels were signi-
ficantly higher in group 1b (with only thrombocy-
tosis) and group lc (with leucocytosis and throm-
bocytosis) when compared to group 2 (p= 0.022
and p= 0.001, respectively, Table 3).

Survival

There was no difference in terms of the median sur-
vival time between two groups (214+20 days in
group 1 and 247+47 days in group 2; p= 0.137).
The Kaplan-Meier curves for overall survival of
both groups were given in figure 1. There was also
no difference for survival rates between patients
who had above or below the median level of 206
pg/mL of all cohort (213+45 days vs 243+12 days
in group 1 and 2, respectively, p= 0.820).

Table 1. Characteristics of the Patients
Characteristics Group 1 Group 2 p value
Gender, n (%) 1.000
Male 25 (96.2) 27 (93.1)
Female 1(3.8) 2 (6.9)
Age, years (mean +standard error) 57.6+ 2.0 59.9+1.8 0.408
Performance status (ECOG), n (%) 0.926
1 19 (73) 22 (76)
2 6 (23) 6 (20)
3 1(4) 14
Leucocytes, x10°/mm® (meanzstandard error) 12.8+9.72 7.1+0.31 <0.001
Platelets x10%mm?® (meanzstandard error) 430+26.24 251.1£9.45 <0.001
Stages of disease, n (%) 0.701
b 13 (50) 13 (44.8)
1\ 13 (50) 6 (565.2)
Histological types, n (%) 0.985
Squamous carcinoma 19 (73) 19 (66)
Adeno carcinoma 7 (27) 10 (34)
Chemotherapy, n (%)
CG 9 (35) 9 (31) 0.577
MVC 15 (65) 15 (51)
Radiotherapy, n (%) 0.522
Curative intent 10 (39) 15 (52)
Palliative intent 4 (16) 7 (25)
CG= cisplatin plus gemcitabine, MVC= mitomycine C plus vinblastine plus cisplatin
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Table 2. The mean serum VEGF levels and counts of leucocytes/ platelets according to histo-cytological diagnoses

Squamous cell Adeno p value
carcinoma (n: 38) carcinoma (n: 17)
Mean serum VEGF levels (pg/mL) (+std.error) 208.80+£32.74 187.05+48.95 0.718
Mean Leucocyte Counts (x 10°/mm?°) (xstd.error) 9.70+0.63 9.98+1.11 0.810
Mean Platelet Counts (x 10°/mm?®) (+std.error) 340.13+£23.08 325.88+27.62 0.718

No survival difference was found in group la, 1b
and Ic when compared to group 2, (Figures 1, 2).

DISCUSSION

Tumor cells and platelets are considered as the ma-
in sources of serum VEGF.'*" In addition, le-
ucocytes may also be another source for serum
VEGF (18). Therefore, it could be expected that se-
rum VEGEF levels might have been higher in pati-
ents with leucocytosis and/or thrombocytosis. Se-
rum VEGEF levels were significantly higher in the
study group (group 1) than control group (group 2).
There was no difference in serum VEGF levels in
group la or group 1b when compared to group 2.
However, VEGF levels in group 1c were signifi-
cantly higher then group 2. Most of our patients had
mild-to-moderate high levels of thrombocytosis
and/or leucocytosis. We consider that including
these patients might have prevented a correlation
between serum VEGF and thrombocytosis/le-
ucocytosis. Choi et al., have recently shown that
there was a significant relationship among serum
VEGF level, platelet and leucocyte counts in pati-
ents with NSCLC."

Our results indicate that existence of leucocytosis
and/or thrombocytosis did not effect survival in pa-
tients with advanced NSCLC. Brattstrom et al., ha-
ve shown that thrombocytosis was not a poor prog-
nostic factor in patients with locally advanced
NSCLC, which is similar to our results.!! However,
many studies have shown that prognosis was poor
in NSCLC patients with thrombocytosis®’'*", and
leucocytosis.’ Our negative results may be due to li-
mited number of patient and mild-to-moderate high
level of cell counts. A certain cut-off value for
thrombocytosis and leucocytosis has not been re-
ported to show the association with prognosis.

An association between poor prognosis and
NSCLC patients with high serum VEGF levels has
been reported in some of the studies.”"* But, it co-
uld not have been confirmed by other studies."**"*
No correlation between serum VEGF levels and tu-
mor tissue VEGF expression has been reported.
However, it has been recently demonstrated that the
elevated VEGF levels in tumor tissue was associ-
ated with poor prognosis in operable NSCLC .*'**
Imoto et al., found that tumor tissue VEGF levels
were associated with poor prognosis, whereas se-
rum levels were not.*' These results suggest that se-

Table 3. Serum VEGF levels in group 1a (with only leucocytosis), group 1b (with only thrombocytosis)
and group 1c (with leucocytosis and thrombocytosis)

Group 1a Group 1b Group 1c
The mean VEGF levels 142.60+44.93 222.45+54.27 351.69+73.39
pg/mL (meanz+std. error)
p value* 0.84 0.022 0.001

* p value: as compared with group 2
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Figure 1. Kaplan-Meier Estimates of Overall Survival in
both groups (---: group 1, —: group 2 ).

rum level of VEGF is not as valuable as tumor-tis-
sue VEGF level for predicting prognosis in
NSCLC.

There is no known cut-off value for serum VEGF
level in cancer patients. We hypothesized to use the
median serum VEGF level of control group as a
threshold value to detect a survival difference. But,
the survival difference between patients with low
and high VEGF levels was not significant. Serum
VEGEF levels displayed in wide ranges with high
standard deviation in the literature, which was simi-
lar to ours. It seems to be a major problem to use se-
rum VEGEF level as a biological marker. In additi-
on, it should be emphasized that there was no diffe-
rence between serum VEGF levels according to
histologic subtypes, and it is consistent with previ-
ous studies.""**

In conclusion, this study shows that VEGF levels
were significantly higher in patients who had le-
ucocytosis and/or thrombocytosis. However, no
prognostic relationship has been determined in
terms of leucocytosis/thrombocytosis or serum
VEGF levels. It is unlikely that serum VEGF levels
could be accepted as a tumor marker, because of
contradictive results published so far.
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Figure 2. Kaplan-Meier Estimates of Overall Survival in
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REFERENCES
1. Parkin DM. The global burden of cancer. Seminer

Cancer Biol 8: 219-235, 1998.

2. Brundage MD, Davies D, Mackillop WJ. Prognostic
factors in non-small cell lung cancer. Chest 122:
1037-1057, 2002.

3. Clifton F, Mountain MD. Revisions in the international
system for staging lung cancer. Chest 111: 1711-
1717, 1997.

4, Akbulut H, Altuntas F, Akbulut KG, et al. Prognostic
role of serum vascular endothelial growth factor, basic
fibroblast growth factor and nitric oxide in patients with
colorectal carcinoma. Cytokine 20: 184-190, 2002.

5. Giatromanolaki A. Prognostic role of angiogenesis in
non-small cell lung cancer. Anticancer Res 21: 4373-
4382, 2001.

6. Paesmans M, Scuiler JP, Libert P, et al.Prognostic fac-
tors for survival in advanced non-small cell lung can-
cer: univariate and multivariate analyses including re-
cursive and amalgamation algorithims in 1052 pati-
ents. The European Lung Cancer Working Party. J Clin
Oncol 13:1221-1230, 1995.

7. Brattstrom D, Bergqvist M, Hesselius P, et al. Elevated
preoperative serum levels of angiogenic cytokines cor-
relate to larger primary tumours and poorer survival in
non-small cell lung cancer patients. Lung Cancer 37:
57-63, 2002.

8. Park SH, Lee SS. The relationship between serum
VEGF concentration and prognosis of lung cancer.
Korean J Intern Med 18: 207-211, 2003.

UHOD Number:1 Volume: 20 Year: 2010



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

UHOD Number: 1

Ascensao JL, Oken MM, Ewing SL, et al. Leucocyto-
sis and large cell lung cancer. A frequent association.
Cancer 60: 903-905, 1987.

Pedersen LM, Milman N. Prognostic significance of
thrombocytosis in patients with primary lung cancer.
Eur Resp J 9: 1826-1830, 1996.

Brattstrom D, Bergqvist M, Hesselius P, et al. Serum
VEGF and bFGF adds prognostic information in pati-
ents with normal platelet counts when compared
sampled before, during treatment for locally advanced
NSCLC. Lung Cancer 43: 55-62, 2004.

Pedersen LM, Milman N. Prognostic significance of
thrombocytosis in patients with primary lung cancer.
Eur Resp J 9: 1826-1830, 1996.

Demirkazik A, Akbulut H , Ulger AF, et al. Serum vas-
cular endothelial growth factor levels in patients with
non-small cell lung cancer. Ann Saudi Med 24: 473-
475, 2004.

O’Byrne KJ, Dobbs N, Propper D, et al. Vascular en-
dothelial growth factor platelet counts, and prognosis
in renal cancer. Lancet 353: 1494-1495, 1999.
Verheul HMW, Hoekman K, Lukyx-de Bakker S, et al.
Platelet: transporter of vascular endothelial growth fac-
tor. Clin Cancer Res 3: 2187-2190, 1997.

Mohle R, Gren D, Moore MAS, et al. Constitutive pro-
duction and thrombin-induced release of vascular en-
dothelial growth factor by human megacaryocytes and
platelets. Proc Natl Acad Sci USA 94: 663-668, 1997.
Hefler L, Tempfer C, Obermair A, et al. serum concent-
rations of vascular endothelial growth factor in vulvar
cancer. Clin Cancer 5: 2806-2809, 1999.

Salven P, Orpana A, Joensuu H. Leucocytes and pla-
telets of patients with cancer contain high levels of
vascular endothelial growth factor. Clin Cancer Res 5:
487-491, 1999.

Choi JH, Kim HC, Lim HY, et al. VEGF in the serum of
patients with NSCLC:correlation with platelet and le-
ucocyte counts. Lung Cancer 33: 171-179, 2001.

Volume: 20 Year: 2010

20.

21.

22.

23.

24.

25.

Laack E, Kohler A, Kugler C, et al. Pretreatment serum
levels of MMP-9 and VEGF in NSCLC. Ann Oncol 13:
1550-1557, 2002.

Imoto H, Osaki T, Taga S, et al. Vascular endothelial
growth factor expression in non-small cell lung can-
cer:prognostic sinificance in squamous cell carcinoma.
J Thorasic Cardiovasc Surg 115: 1007-1011, 1998.
Takigawa N, Segawa Y, Fujimoto N, et al. Elevated
VEGF in sera of patients with lung cancer. Anticancer
Res 18: 1251-1254, 1998.

Brattstrom D, Bergqvist M, Larsson A, et al. Basic fib-
roblast growth factor and vascular endothelial growth
factor in sera from non-small cell lung cancer patients.
Anticancer Res 18: 1123-1127, 1998.

Volm M, Koomagi R, Mattern J. PD-ECGF, bFGF and
VEGF expression in non-small cell lung carcinomas
and their association with lymph node metastasis. An-
ticancer Res 19: 651-656, 1999.

Fontanini G, Vignati S, Boldrini L, et al. VEGF is asso-
ciated with neovascularization and influences progres-
sion of NSCLC. Clin Cancer Res 3: 861-865, 1997.

Correspondence

Dr. Bulent YALGIN

Ankara Universitesi Tip Fakdiltesi

Cebeci Hastanesi, Medikal Onkoloji Bilim Dali
06590, Cebeci

Ankara / TURKEY

Phone: (+90.312) 595 71 12
Fax: (+90.312) 319 22 83
e-mail: bulyalcin@yahoo.com

19



