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Abstract

Objective: To investigate the relationship between changes in inflammatory and coagulatory
biomarkers before and after short palliative radiotherapy in patients with advanced stage lung
cancer.

Methods: This prospective observational single-centre study enrolled patients with histologi-
cally- or cytologically-confirmed lung cancer who were eligible for palliative radiotherapy.
Inflammatory and coagulatory biomarkers including complete blood count, D-dimer and fibrin-
ogen levels were evaluated before and after short hypofractionated radiotherapy.

Results: Seventy-two patients with advanced stage lung carcinoma were enrolled in this study.
Metastases were associated with an increase in white blood cells, neutrophils and mean platelet
volume. Increased volume of the primary tumour had a borderline level of correlation with white
blood cell and neutrophil counts. After radiotherapy, white blood cells, neutrophils, haemoglobin
and lymphocyte counts were decreased. After radiotherapy, the change in fibrinogen and mean
platelet volume were borderline significant.

Conclusion: The levels of inflammatory and coagulatory biomarkers can be used to monitor
treatment.
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Introduction

Armand Trousseau first identified the rela-
tionship between cancer and coagulopathy
in 1865." Since then, research has suggested
that activation of the coagulation cascade
pathway may play an essential role in the
regulation of tumour growth and metastatic
spread.” The activation of the haemostatic
system occurs in two different ways; either
leading to coagulation via thrombin forma-
tion or activation of the fibrinolytic system
via plasminogen activators.> > The process
of coagulation and fibrinolysis in cancer
patients may be triggered by the tumour
cells or by tumour-associated inflammatory
cells.® The smallest degradation product of
fibrin is fragment D-dimer (DD) and it is a
sensitive indicator of the proteolytic actions
of plasmin on fibrin.>’ Many researchers
have suggested that DD might be a valuable
marker for prognosis and for measuring
treatment response in patients with lung
cancer.® ' The present study investigated
the relationship between changes in inflam-
matory and coagulatory biomarkers before
and after short palliative radiotherapy in
patients with advanced stage lung cancer.

Patients and methods

Patient population

This prospective observational single-centre
study enrolled patients with histologically-
or cytologically-confirmed lung cancer who
were eligible for palliative radiotherapy and
who were treated at the Regional Clinical
Hospital, Zielona Gora, Poland between

1 September 2015 and 31 August 2016.
The exclusion criteria were as follows: (i) a
history of secondary tumour(s); (ii) active
infection; (iii) familial coagulopathy; (iv)
peripheral vascular disease (thrombophlebi-
tis and thromboembolism); (v) treatment
with anticoagulants or anti-aggregants;
(vi) treatment with chemotherapy during
the 3 months prior to the study; (vii)
World Health Organization performance
status of 4 (i.e. completely disabled,
unable to undertake any selfcare, totally
confined to a bed or chair). The disease
stage was defined based on clinical and
physical examinations as follows: thoracic
computed tomography (CT), brain CT or
magnetic resonance imaging, abdominal
ultrasonography, bone scintigraphy and/or
positron emission tomography-CT. The
volume of the primary tumour was mea-
sured using the information from CT
scans and using the model for an ellipsoid
V=4/3 n (abc). The histopathological data
were determined according to the Union for
International Cancer Control TNM classi-
fication.!! This study was approved by the
Ethics Committee at the Medical Council in
The Regional Medical Chamber, Zielona
Gora, Poland (no. 2/57/2015). Patients par-
ticipating in the study provided written
informed consent.

Radiotherapy treatment

The patients were divided into two
groups: group 1 consisted of patients with
distant metastases; and group 2 consisted
of patients with locoregional disease.
All  patients had palliative  short
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hypofractionated radiotherapy (hRT) treat-
ment split into five doses over five days to a
total dose of 20 Gy. Three—dimensional com-
puter planning was used in all cases. All
patients underwent CT scans (SOMATOM
CT scanner; Siemens Healthcare, Erlangen,
Germany) and the Eclipse™ Treatment
Planning System (Varian Medical Systems,
Palo Alto, CA, USA) was used for hRT
treatment planning. The clinical target
volume (CTV) included the primary tumour
as detected by CT scans.

Biochemistry assays

Before and after radiotherapy, venous blood
samples were drawn from peripheral blood
on the morning after an overnight fast and
evaluated immediately. Blood drawn into
vacutainer tubes containing 3.2% sodium
citrate was used for assays on haemostaseol-
ogy and blood treated with 1.6mg/ml
ethylenediaminetetra-acetic acid was used
to determine the complete blood count
with a CELL-DYN RUBY haematology
analyser (Abbott Diagnostics, Abbott Park,
IL, USA). The plasma DD level (reference
range: 0-278pg/l), fibrinogen (reference
range: 200472 mg/dl), haemoglobin (refer-
ence range: 12-18 g/dl), platelets (reference
range: 140-420 x10°/1), white blood cells
(reference range:  4.0-10.2x10°/1), red
blood cells (reference range: 4.2-6.5 x10%/
ul), neutrophils (reference range: 2.0-6.9
x10°/1), lymphocytes (reference range: 0.6—
3.4 x10%/1), mean corpuscular volume (refer-
ence range: 80-97 fl) and mean platelet
volume (reference range: 7.0-12.0 fl) were
measured. The study investigated the rela-
tionship between the biochemical results,
the disease stage and tumour volume.

Statistical analyses

Exploration of a prospective design for new
data collection (a longitudinal observation-
al study) lead to repeated measurements’

statistical analysis. Since a change of con-
centrations of the analysed biomarkers over
time was assessed, multilevel (hierarchical)
modelling was required (in these current
models, additional random effects were
structured as longitudinal randomized
experiments). In particular, the multilevel
models recognized the existence of such
data hierarchies by allowing for residual
components at each level in the hierarchy
and they were generalizations of linear
models relying on nested random analysis
of variance (mixed models).

In the assumed concept, concentrations
of biomarkers with time divided by groups
of patients with distant metastases or with
locoregional disease were analysed using a
stratified linear regression following a
simple linear relation (concentration ~
time + group), and the regression with an
interaction term (concentration~ time *
group).'? The statistically significant results
of the regression coefficients (P < 0.05) and
those on the borderline of the statistical sig-
nificance (P <0.1) were considered in the
study. The statistical computation was per-
formed using the R platform.'?

Results

There were 97 patients eligible for palliative
radiotherapy, but 25 were excluded. The
remaining 72 patients with lung cancer
were enrolled in the study and they were
divided into two groups: group 1 consisted
of 51 patients with distant metastases; and
group 2 consisted of 21 patients with
locoregional disease. The clinical and
demographic characteristics of the study
cohort are shown in Table 1.

The complete blood count, fibrinogen
level and DD level before and after radio-
therapy are shown in Table 2. After short
hRT, the following parameters decreased:
white blood cells (P=0.0012), neutrophils
(P=0.01), haemoglobin (P=0.03), lym-
phocyte counts (P =0.04) and mean platelet
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Table I. The clinical and demographic character-
istics of patients with lung cancer who were eligible
for palliative radiotherapy (n=72) who were
enrolled in this study to investigate the relationship
between haemostasis biomarkers, disease stage and
tumour volume.

Cohort

Characteristic n=72
Age, years

Median (range) 68 (41-86)
Sex

Male 40 (56)

Female 32 (44)
Tumour histology

Non-small cell carcinoma 15 (21)

Adenocarcinoma 32 (44)

Squamous 15 (21)

Small cell carcinoma 10 (14)
World Health Organization

performance status

0-1 10 (14)

2-3 62 (86)

Tumour/Node/Metastasis classification
Tla/TIb/T2/T3/T4 2/3/12/17/38
NO/NI/N2/N3 22/18/18/14
MO0/Mla/MIb 21/4/47

Tumour volume, mm?

Mean (range) 37.8 (0.6-152.4)

Data presented as n of patients (%), median (range) or
mean (range).

volume (P =0.0573) was on the border of
statistical significance. After radiotherapy,
the change in fibrinogen was borderline
(P=0.08). Metastases were associated
with an increase in white blood cells
(P=0.01), neutrophils (P=0.02) and
mean platelet volume (P =0.04). Whereas,
the increase of the volume of the primary
tumour had a borderline level of correlation
with white blood cells (P=0.07) and neu-
trophils (P=0.07). Interpretations of the
remaining results are presented in Table 3.

In the entire study cohort (n=72),
median DD levels did not change signifi-
cantly after radiotherapy (1070 ug/l before
hRT versus 1131 pg/l after hRT).

Discussion

The aim of any anticancer therapy, such as
radiotherapy, is to reduce the tumour
volume and limit further growth of the
tumour. Targeted radiotherapy results in
endothelial damage and is followed by con-
tinuous induction of an inflammatory
response that contributes to the mecha-
nisms of coagulation activation.'* This pre-
sent study investigated whether various
inflammatory and haemostatic parameters

Table 2. The complete blood count, fibrinogen level and D-dimer level for patients
(n=72) with lung cancer who underwent short hypofractionated radiotherapy (hRT).

Before hRT After hRT
Variable low/high/median low/high/median
White blood cells, x 10%/I 3.2/23.0/10.5 3.3/22.0/8.5
Neutrophils, X 10°/1 1.6/20.5/7.7 1.9/19.0/6.3
Neutrophils, % 43.0/89.0/70.0 46.2/90.9/71.3
Lymphocytes, x 10/l 0.5/4.0/1.7 0.2/27.0/1.2
Lymphocytes, % 5.3/42.5/19.9 1.4/41.5/17.0
Haemoglobin, g/dl 7.2/15.2/12.0 8.6/15.5/11.9
Red blood cells, x 10%/pl 2.8/5.3/4.0 2.7/5.6/4.0

Mean cell volume, fl
Platelets, x 10/l

Mean platelet volume, fl
Fibrinogen, mg/dl
D-dimer, pg/l

73.0/100.0/89.3
77.6/760.0/311.9

76.0/101.0/89.7
85.4/731.0/290.0

5.0/17.1/6.7 4.7/16.2/6.5
218.0/819.0/428.2 186.0/866.0/429.2
116/6524/1070 I111/6675/1131
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Table 3. Multilevel modelling of biomarker concentrations.

Regression coefficient

Response variable analysis (risk factor)® Mean SE P-Value
Mean platelet volume Intercept 5.03 1.22 P=0.0001
Age 0.03 0.02 NS
Time -0.27 0.14 NS
White blood cells Intercept 847 2.06 P=0.0001
Tumour 0.90 0.45 P=10.0496
Time -1.67 0.49 P=10.0012
Neutrophils Intercept 5.70 1.90 P=0.0038
Tumour 0.75 041 NS
Time -1.09 0.45 P=0.0184
White blood cells Intercept N 1.0 P <0.0001
Tumour volume 0.03 0.01 NS
Time —-1.46 0.47 P=10.0030
Neutrophils Intercept 797 0.94 P <0.0001
Tumour volume 0.02 0.0l NS
Time —-0.95 0.43 P=10.0345
Haemoglobin Intercept 14.2 0.7 P <0.0001
Female -1.33 0.47 P=10.0062
Time —0.66 0.30 P=0.0315
Female*Time 0.34 0.20 NS
Lymphocytes Intercept —-1.55 243 NS
Tumour 0.8l 0.55 NS
Time 3.17 1.56 P=10.0478
Tumour*Time -0.76 0.36 P=0.0360
White blood cells Intercept 7.11 2.29 P=10.0028
Metastases 2.17 091 P=0.0195
Time 1.24 1.23 NS
Metastases*Time -1.25 0.49 P=0.0133
Neutrophils Intercept 4.39 2.10 P=0.0406
Metastases 1.89 0.83 P=10.0265
Time 1.48 1.13 NS
Metastases*Time =111 0.45 P=0.0172
Mean platelet volume Intercept 5.62 0.73 P <0.0001
Metastases 0.60 0.29 P=0.0422
Time 0.30 0.36 NS
Metastases*Time -0.25 0.15 NS
Fibrinogen Intercept 561 70 P <0.0001
Time —63.1 36.3 NS

?Correlations between factors: time (before and after short hypofractionated radiotherapy) and tumour volume and

metastases.
NS, no significant association (P > 0.05).

changed during the process of hypofractio-
nated radiotherapy in patients with lung
cancer. Following hypofractionated radio-
therapy, basic inflammatory markers

decreased, whereas there were no significant
changes in the DD levels and fibrinogen
levels. DD levels were very high in both
groups of patients but did not significantly
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change after radiotherapy. Previous studies
have reported no significant difference in
DD levels between stage IIIB and IV
advanced disease.®'> It was observed that
despite the high DD levels in the present
study, none of the patients developed any
clinical events. A previous study reported
significantly higher DD levels in patients
with advanced lung cancer compared with
those patients with local disease.'® Another
study reported higher DD levels in patients
with metastasis compared with those with-
out metastatic disease.'” In several stud-
ies,!>!""20 the levels of DD and fibrinogen
were significantly decreased after anticancer
treatment in patients that underwent
complete remission. In the present study,
following palliative radiotherapy treatment,
fibrinogen changes were borderline signifi-
cant. It is not clear why the DD levels
remained high.

Fibrinogen is an acute-phase protein and
its concentration changes in response to the
inflammatory status. A process of cell ion-
ization takes place during radiotherapy.
Proteins and DNA are very radiosensitive,
hence free organic radicals react with them
and destroy them. It is possible that fibrin-
ogen is more sensitive than its breakdown
product DD, which is generated by the
thrombin—fibrinogen reaction. It is possible
that the structural changes to DD take
longer to complete after radiotherapy. In
the current study, the median concentration
of DD was increased following hRT. There
are many studies that have described
changes in inflammatory and haemostatic
parameters, but most of the changes are
observed after systemic treatment or after
surgery.”’ ™ In a study of paediatric
patients with acute lymphoblastic leukae-
mia, changes in haemostatic parameters
during treatment were observed; both DD
and fibrinogen levels decreased during
treatment.”* Another study on patients
with ovarian cancer observed a continuous
decrease in fibrinogen after surgery and

chemotherapy.” Tumour cells can interact
with the damaged endothelial cells, leuko-
cytes and platelets, which is the cause of the
activation of the thrombotic process.*?¢3°
Fibrinogen is a soluble plasma glycoprotein
that is synthesized by hepatocytes. Excess
fibrinogen is associated with an increased
risk of clotting. During the blood coagula-
tion process fibrinogen is converted into
fibrin by the enzyme thrombin. Some pub-
lished data suggest that fibrinogen promotes
cancer progression. For example, one study
showed a correlation between higher levels
of fibrinogen and metastasis.’' The authors
reported that fibrinogen is a factor that facil-
itates the enhanced adherence of metastatic
foci in the vasculature of organs.*! In con-
trast, another study showed the opposite
results; with fibrinogen fragments suppress-
ing tumour angiogenesis by binding to endo-
thelium and down regulating the expression
of integrins on vascular endothelial cells.*?
Research demonstrated that a high plasma
fibrinogen level before treatment (chemora-
diotherapy) was a negative predictor of
tumour response; and was significantly asso-
ciated with a poor prognosis for patients and
with reduced survival time.** > Borderline
significant changes in the level of fibrinogen
and decreased inflammatory biomarkers
after radiotherapy were shown in this cur-
rent study. However, it is difficult to define
the mechanism of action.

This study had two main limitations: a
small sample size and a heterogenous study
population.

In conclusion, the evaluation of inflam-
matory and coagulatory biomarkers in this
present study supports the importance of
palliative radiotherapy as it led to a reduc-
tion in parameters that might be contribut-
ing to the progression of cancer.

Declaration of conflicting interests

The authors declare that there are no conflicts of
interest.



1882

Journal of International Medical Research 46(5)

Funding

This research received no specific grant from any
funding agency in the public, commercial, or
not-for-profit sectors.

References

1.

10.

11.

. Falanga A

Trousseau A. Phlegmasia alba dolens. In:
Clinique Medicale de I'Hotel Dieu de Paris,

Vol. 3, 2nd ed. Paris: Balliere, 1865,
pp.654-712.
. Gouin-Thibault I and Samama MM.

Laboratory diagnosis of the thrombophilic
state in cancer patients. Semin Thromb
Hemost 1999; 25: 167-172.

and Rickles FR.
Pathophysiology of the thrombophilic state
in the cancer patient. Semin Thromb Hemost
1999; 25: 173-182.

. Kwaan HC and Keer HN. Fibrinolysis and

cancer. Semin Thromb Hemost 1990; 16:
230-235.

. Bick RL. Coagulation abnormalities in

malignancy: a review. Semin Tromb
Hemost 1992; 18: 353-372.
. Zacharski LR, Wojtukiewicz MZ,

Costantini V, et al. Pathways of coagula-
tion/fibrinolysis activation in malignancy.
Semin Thromb Hemost 1992; 18: 104-116.

. Francis CW and Marder VJ. Mechanism of

fibrinolysis. In: Williams Hematology 5th ed.
New  York: McGraw  Hill, 1995,
pp-1252-1260.

. Unsal E, Atalay F, Atikcan S, et al.

Prognostic  significance of hemostatic
parameters in patients with lung cancer.
Respir Med 2004; 98: 93-98.

. Altiay G, Ciftci A, Demir M, et al. High

plasma D-dimer level is associated with
decreased survival in patients with lung
cancer. Clin Oncol (R Coll Radiol) 2007;
19: 494-498.

Zhang PP, Sun JW, Wang X, et al
Preoperative plasma D-dimer levels predict
survival in patients with operable non-small
cell lung cancer independently of venous
thromboembolism. Eur J Surg Oncol 2013;
39: 951-956.

Sobin LH, Gospodarowicz MK and
Wittekind C. International Union Against

12.

13.

15.

16.

17.

18.

20.

21.

22.

23.

Cancer (UICC): TNM classification of
malignant tumors. 7th ed. Chichester: John
Wiley & Sons Ltd, 2010.

Raudenbush S and Bryk A. Hierarchical
linear models: Applications and data analysis
methods. 2nd ed. Thousand Oaks: Sage
Publications, 2001.

The R Project. The R Foundation for
Statistical Computing, Institute for Statistics
and Mathematics, Wirtschaftsuniversitit
Wien, Vienna, Austria. https://www.R-proj
ect.org/.

. Hallahan DE, Chen AY and Teng M, et al.

Drug-radiation interactions in tumor blood
vessels. Oncology (Williston Park) 1999; 13:
71-77.

Komurcuoglu B, Ulusoy S, Gayaf M, et al.
Prognostic value of plasma D-dimer levels in
lung carcinoma. Tumori 2011; 97: 743-748.
Reitter EM, Kaider A, Ay C, et al
Longitudinal analysis of hemostasis bio-
markers in cancer patients during antitumor
treatment. J Thromb Haemost 2016; 14:
294-305.

Inal T, Anar C, Polat G, et al. The prognos-
tic value of D-dimer in lung cancer. Clin
Respir J 2015; 9: 305-313.

Beer JH, Haeberli A, Vogt A, et al
Coagulation markers predict survival in
cancer patients. Thromb Haemost 2002; 88:
745-749.

. Cermak J, Feyereislova A and Horejsi J.

Circulating immune complexes in acute leu-
kemia. Neoplasma 1989; 36: 21-27.

Yasuda K, Sunami E, Kawai K, et al.
Laboratory blood data have a significant
impact on tumor response and outcome in
preoperative chemoradiotherapy for
advanced rectal cancer. J Gastrointest
Cancer 2012; 43: 236-243.

Raj SD, Zhou X, Bueso-Ramos CE, et al.
Prognostic significance of elevated D-dimer
for survival in patients with sarcoma. Am J
Clin Oncol 2012; 35: 462-467.

Baldane S, Ipekci SH, Sozen M, et al. Mean
platelet volume could be a possible biomark-
er for papillary thyroid carcinomas. Asian
Pac J Cancer Prev 2015;16: 2671-2674.
Mutlu H, Berk V, Karaca H, et al
Treatment regimen with bevacizumab
decreases mean platelet volume in patients


https://www.R-project.org/
https://www.R-project.org/

Wolny-Rokicka et al.

1883

24.

25.

26.

27.

28.

29.

30.

with metastatic colon cancer. Clin Appl
Thromb Hemost 2012; 18: 546-548.
Giordano P, Molinari AC, Del Vecchio GC,
et al. Prospective study of hemostatic alter-
ations in children with acute lymphoblastic
leukemia. Am J Hematol 2010; 85: 325-330.
von Tempelhoff GF, Niemann F, Schneider
DM, et al. Blood rheology during chemo-
therapy in patients with ovarian cancer.
Thromb Res 1998; 90: 73-82.
Gouin-Thibault I, Achkar A and Samama
MM. The thrombophilic state in cancer
patients. Acta Haematol 2001; 106: 33-42.
Falanga A and Donati MB. Pathogenesis
of thrombosis in patients with malignancy.
Int J Hematol 2001; 73: 137-144.

Rickles FR and Falanga A. Molecular basis
for the relationship between thrombosis and
cancer. Thromb Res 2001; 102: V215-V224.
Lee AY. Cancer and thromboembolic dis-
ease: pathogenic mechanisms. Cancer Treat
Rev 2002; 28: 137-140.

Caine GJ, Stonelake PS, Lip, GY, et al. The
hypercoagulable state of malignancy: patho-
genesis and current debate. Neoplasia 2002;
4: 465-473.

31.

32.

33.

34.

35.

Palumbo JS, Kombrinck KW, Drew AF,
et al. Fibrinogen is an important determi-
nant of the metastatic potential of circulat-
ing tumor cells. Blood 2000; 96: 3302-3309.
Akakura N, Hoogland C, Takada YK, et al.
The COOH-terminal globular domain of
fibrinogen gamma chain suppresses angio-
genesis and tumor growth. Cancer Res
2006; 66: 9691-9697.

Lee JH, Hyun JH, Kim DY, et al. The role
of fibrinogen as a predictor in preoperative
chemoradiation for rectal cancer. Ann Surg
Oncol 2015; 22: 209-215.

Selzer E, Grah A, Heiduschka G, et al. Pre-
therapeutic fibrinogen levels are of prognos-
tic significance in locally advanced head and
neck cancer. Wien Klin Wochenschr 2016;
128: 320-328.

Zhang D, Zhou X, Bao W, et al. Plasma
fibrinogen levels are correlated with postop-
erative distant metastasis and prognosis in
esophageal squamous cell carcinoma.
Oncotarget 2015; 6: 38410-38420.



	table-fn1-0300060517750976
	table-fn2-0300060517750976
	table-fn3-0300060517750976

