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analyze the relationship between Fbg level and survival. Multivariate analyses
were performed to determine independent prognostic factors. Subgroup analyses
were performed based on extensive/limited disease and Eastern Cooperative
Oncology Group status.

Received: 28 August 2017; Results: A total of 120 patients with SCLC were included. The one, three, and
Accepted: 15 October 2017. five-year survival rates for the entire cohort were 48.3%, 9.2%, and 1.7%, respec-
tively. Univariate analyses revealed that age, alcohol use, clinical stage, pleural
effusion, Eastern Cooperative Oncology Group grade, and Fbg and lactate dehy-
drogenase levels were associated with survival (P < 0.05). The median survival
time for patients with high Fbg levels (> 400 mg/dL) was shorter than for those
with low Fbg levels (8 vs. 14 months; P = 0.013). Furthermore, multivariate anal-
ysis revealed that Fbg was negatively and independently associated with SCLC
prognosis (hazard ratio 1.505, 95% confidence interval 1.018-2.226; P = 0.041).
Higher Fbg levels were associated with shorter survival in the extensive disease
subgroup (7 vs. 12 months; P = 0.004).

Conclusions: Elevated plasma Fbg was an independent factor associated with
poor outcomes in SCLC patients and could serve as a prognostic biomarker.
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Introduction prognosis.*® Indeed, activation of the coagulation system
and procoagulant changes have been associated with angio-
genesis and tumor cell invasion, cancer progression, and
metastasis.”

Fibrinogen (Fbg), a plasma coagulation factor synthe-
sized by the hepatocytes, is an acute-phase reactant pro-
tein and a proinflammatory marker that plays an

Lung cancer remains the leading cause of cancer-related
death worldwide." Small cell lung cancer (SCLC), the most
aggressive type of lung cancer, has a five-year survival rate
of only 1-3%, and approximately two-thirds of patients
with SCLC have advanced disease at diagnosis.>® Treat-
ment for SCLC patients includes chemotherapy, radiother-
apy, and, in rare cases, surgery. As prognosis varies widely,
prognostic biomarkers for patients with SCLC are urgently
needed.

Many studies have reported an association between
blood coagulation abnormalities and several malignancies,
and hypercoagulation is associated with a poor

important role in platelet aggregation, increasing plasma
viscosity, vasoconstriction, growth factor release, and
fibrin deposition.” Elevated Fbg levels are associated with
distant tumor metastasis and poor outcomes in various
malignancies.""™ In addition, Fbg is reported to have
prognostic significance in non-small-cell lung cancer
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(NSCLC);'*"* however, reports of Fbg levels in SCLC
are rare.

Considering that SCLC does not share the same biologi-
cal characteristics and natural history of NSCLC, the aims
of this study were to evaluate the pretreatment plasma Fbg
levels and clinical parameters associated with overall sur-
vival (OS), and to analyze the prognostic value of Fbg in
patients with SCLC.'

Methods

Study design and patients

This cohort study retrospectively reviewed the records of
120 SCLC patients who underwent transbronchial needle
aspiration, endobronchial ultrasound-guided biopsy, supra-
clavicular lymph node biopsy, or surgical confirmation of
disease at Beijing Chao-Yang Hospital, Capital Medical
University, China, between January 2011 and December
2015. The inclusion criteria were: (i) pathological diagnosis
of SCLG; (ii) no history of preoperative adjuvant therapy;
(iil) preoperative plasma Fbg level measurement within one
week of biopsy or surgery; (iv) Eastern Cooperative Oncol-
ogy Group (ECOG) grade 0-2 and administration of first-
line chemotherapy or a postoperative chemotherapy regi-
men of etoposide (VP-16) + cisplatin or VP-16 + carbo-
platin, or ECOG grade 3-4 and no administration of
chemotherapy; and (v) availability of complete patient
records. Patients who received regular anticoagulation ther-
apy or had other malignancies were excluded.

The Beijing Chao-Yang Hospital ethics committee
approved the study protocol and waived the requirement
for informed consent, as the study was retrospective.

Data collection

Demographic (gender and age); habitus (smoking and
alcohol); clinical (stage, pleural effusion, and ECOG); path-
ological (vascular invasion); and biochemical data were
extracted from medical charts. Clinical tumor staging was
reviewed according to the fourth version of the National
Comprehensive Cancer Network guidelines (2016). The
functional status of each patient was evaluated using the
ECOG performance scale."”

Outcomes

The patients were routinely followed up by outpatient visits
or hospitalization, depending upon their condition. OS was
defined as the duration from treatment initiation to death
from any cause. Follow-up was censored at the time of
death or on December 31, 2016.
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Fibrinogen levels

Blood samples were taken at admission and before any
treatment using 4 mL vacutainer tubes containing 3.2%
sodium citrate. Tubes were centrifuged at 3000 rpm at 4°C
for 10 min. Fbg levels were routinely determined by immu-
noturbidimetry  (Sysmex CA-7000/CS-50100, Sysmex
Corp., Kobe, Japan) using the clotting method. The normal
range for the test is 170-400 mg/dL.'®"

Statistical analysis

Continuous data were expressed as mean =+ standard devi-
ation (SD) if normally distributed. A Student’s t-test was
used to screen for differences between the groups. Categor-
ical data were expressed as percentages. A chi-square test
was used to examine categorical variables. Survival curves
were analyzed using the Kaplan-Meier method, and clini-
cal parameters were compared using the log-rank test.
Multivariate analysis of potential prognostic factors was
performed using a Cox regression model. All statistical
tests were conducted using SPSS version 19.0 (IBM,
Armonk, NY, USA). P values < 0.05 were considered statis-
tically significant.

Results

Patient characteristics

During the study period, a total of 214 patients were diag-
nosed with SCLC. Among these, 22 patients had no Fbg
data within one week of biopsy or surgery, 19 received
radiotherapy before Fbg measurement, 12 received anti-
tumor traditional Chinese medicine, 19 patients were lost
to follow-up (no survival data), and 22 patients received
anticoagulation therapy before Fbg measurement. There-
fore, 120 patients met the eligibility criteria and were
included in the study. The clinical characteristics of the
120 patients with SCLC are summarized in Table 1. The
complete study cohort consisted of 86 men (71.7%) and
34 women (28.3%), with a mean age of 63.2 & 10.7 years.
The median preoperative plasma Fbg level of the entire
cohort was 384.3 £ 121.6 mg/dL.

Survival

The median survival time (MST) for all patients was
12.0 months. At the end of the study, 107 (89.2%) patients
had died, and 13 (10.8%) were alive. The one, three, and
five-year estimated survival rates for the entire cohort were
48.3%, 9.2%, and 1.7%, respectively.
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Univariate analyses

Univariate Cox regression analyses showed that age
> 65 years (P = 0.004), alcohol use (P = 0.023), extensive
disease (P < 0.001), pleural effusion (P = 0.004), ECOG
grade 3-4 (P = 0.001), Fbg level > 400 mg/dL (P = 0.017),
and lactate dehydrogenase (LDH) level > 250 U/L
(P = 0.002) were significantly associated with prognosis in
SCLC patients (Table 2). Kaplan-Meier analyses and log-
rank testing showed that MST for patients with high Fbg
levels was shorter (8 months, 95% confidence interval

Table 1 Fbg levels and clinical characteristics of 120 patients with
SCLC analyzed using the Kaplan—Meier method (log-rank test)

No. of MST
Variable patients (%) (months) P
Gender 0.871
Male 86 (71.7%) 12
Female 34 (28.3%) 14
Age (year) 0.003
<65 61 (50.8%) 15
548 £ 7.2
> 65 59 (49.2%) 8
720 £5.2
Smoking status 0.325
Never 33(27.5%) 15
Ever 87 (72.5%) 12
Alcohol use 0.018
Never 88 (73.3%) 10
Ever 32 (26.7%) 18
Clinical stage < 0.001
LD 47 (39.2%) 19
ED 73 (60.8%) 10
Pleural effusion 0.002
No 70 (58.3%) 15
Yes 50 (41.7%)
Vascular invasion 0.803
No 92 (76.7%) 12
Yes 28 (23.3%) 14
Brain metastases 0.112
No 110 (91.7%) 13
Yes 10 (8.3%) 10
ECOG grade < 0.001
0-2 92 (76.7%) 14
3-4 28 (23.3%) 8
Fbg (mg/dL) 0.013
<400 65 (54.2%) 15
> 400 55 (45.833%) 8
LDH (U/L) 0.001
80-250 56 (46.7%) 18
> 250 64 (53.3%) 8
Albumin (g/L) 0.058
40-55 58 (48.3%) "
<40 62 (51.7%) 13

ECOG, Eastern Cooperative Oncology Group; ED, extensive disease;
Fbg, fibrinogen; LD, limited disease; LDH, lactate dehydrogenase; MST,
median survival time; SCLC, small-cell lung carcinoma.
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[CI] 5-13 months) than for those with low Fbg levels
(14 months, 95% CI 11-18 months; P = 0.013) (Fig 1).

Multivariate analysis

The aforementioned variables of statistical significance
were included in a multivariate Cox regression model. The
results revealed that clinical stage (hazard ratio [HR] 2.035,
95% CI 1.193-3.470; P = 0.009), ECOG grade (HR 1.850,
95% CI 1.064-3.216; P = 0.029), and Fbg level (HR 1.505,
95% CI 1.018-2.226; P = 0.041) were independently associ-
ated with OS (Table 3).

Subgroup analyses

The patients were stratified according to extensive versus lim-
ited disease and ECOG 0-2 versus 3-4. Higher Fbg levels
were associated with shorter survival times in the extensive
disease subgroup (P = 0.004) (Fig 2a), but no significant dif-
ference was observed for patients in the limited disease,
ECOG 3-4, or ECOG 0-2 subgroups (all P > 0.05)
(Fig 2b-d).

Discussion

High Fbg levels are associated with poor outcomes in many
types of cancer,"” including NSCLC,'*"® but data are lacking
for SCLC. The results of the present study strongly suggest
that elevated pretreatment plasma Fbg levels are indepen-
dently associated with poorer OS rates in patients with SCLC.

SCLC is an aggressive tumor. More than 90% of SCLC
patients relapse after treatment, and the five-year survival
rate is only 1-3%.> In the present study, the five-year sur-
vival rate in patients with SCLC was 1.7%, consistent with
results reported in the literature.” Various baseline clinical
characteristics (such as clinical stage, ECOG grade, and
weight loss) are associated with patient outcomes.” The
multivariate analysis performed in this study revealed that
advanced clinical stage and high ECOG grade were associ-
ated with poor outcomes, which was in line with previous
findings.*® Moreover, the results of the present study indi-
cated that elevated plasma Fbg levels were significantly
associated with poor outcomes. These results are consistent
with those observed in patients with NSCLC'"*"* and other
types of cancer."™* Indeed, studies have indicated that
high Fbg levels are associated with reduced survival in
NSCLC, and renal cell and colon cancers.'"*' In patients
with advanced NSCLC, serum Fbg alterations are useful to
identify those who will benefit from preoperative chemo-
therapy.® It is well known that SCLC does not share the
biological characteristics of NSCLC,'® hence the impor-
tance of verifying the eventual prognostic impact of Fbg in
SCLC. The present study showed that plasma Fbg level
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Table 2 Univariate analyses of variables associated with OS in
120 patients with SCLC according to a Cox regression model
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Table 3 Multivariate analyses of variables associated with OS in
120 patients with SCLC according to a Cox regression model

Variable HR 95% Cl P Variable HR 95% Cl P
Gender 0.976 0.635-1.471 0.875 Age 1.212 0.776-1.893 0.399
Age 1.752 1.190-2.579 0.004 Alcohol use 0.627 0.392-1.002 0.051
Smoking status 1.232 0.803-1.890 0.340 Clinical stage 2.035 1.193-3.470 0.009
Alcohol use 0.593 0.378-0.930 0.023 Pleural effusion 0.936 0.575-1.524 0.791
Clinical stage 2.356 1.555-3.569 < 0.001 ECOG grade 1.850 1.064-3.216 0.029
Pleural effusion 1.778 1.205-2.622 0.004 Fbg 1.505 1.018-2.226 0.041
Vascular invasion 1.057 0.675-1.656 0.809 LDH 1.197 0.762-1.880 0.436
ErcalonGrr;;zjetases ;Z;g ?iggjggé 8;5? Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group;
‘ ’ ' ’ Fbg, fibrinogen; HR, hazard ratio; LDH, lactate dehydrogenase; OS,
Fbg 1591 1.085-2.332 0.017 overall survival; SCLC, small-cell lung carcinoma.
LDH 1.861 1.261-2.745 0.002
Albumin 1.447 0.974-2.150 0.067

Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group;
Fbg, fibrinogen; HR, hazard ratio; LDH, lactate dehydrogenase; OS,
overall survival; SCLC, small-cell lung carcinoma.

and survival are associated, as in other cancers and
NSCLC.

The results of the present study and numerous other
studies have indicated that patients with lung cancer have
an increased propensity toward clotting, as well as fibrino-
lytic system aberrations.”>”** Fbg is synthesized by the liver
and converted into insoluble fibrin by activated thrombin.
It plays a vital role in blood clotting, fibrinolysis, inflam-
matory responses, wound healing, and oncogenesis.® Fbg
might promote stable adhesion between tumor cells, plate-
lets, and endothelial cells.** Moreover, Fbg increases meta-
static potential, in part by suppressing natural killer cell-
mediated apoptosis of tumor cells.”” Palumbo et al. showed
that tumor cell spread and the establishment of microme-
tastasis was suppressed in Fbg-deficient mice, confirming
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Figure 1 Kaplan—Meier curves of overall survival of patients stratified
by fibrinogen level (P = 0.013).
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that Fbg is a determinant of spontaneous metastatic poten-
tial > Furthermore, Fbg also influences the levels of several
growth factors, including VEGF and FGF2, promoting
tumor cell adhesion, proliferation, and migration, as well
as neoplastic angiogenesis.”** Moreover, in the present
study, abnormal activation of coagulation and fibrinolysis
was reflected in increased plasma Fbg levels, thereby
implying that increased Fbg levels were associated with a
poor prognosis in SCLC patients.

Because patients with limited/extended disease and
patients with different ECOG status have different survival
rates,”® subgroup analyses of Fbg levels were performed in
patients with extensive versus limited disease and in
patients with ECOG grade 0-2 versus 3-4. Surprisingly,
high Fbg levels were only associated with poor survival in
patients with extensive disease. Therefore, it could be
hypothesized that the impact of ECOG on survival is possi-
bly independent from Fbg level, and that Fbg level has no
impact in patients in which cancer has not yet dissemi-
nated. Nevertheless, additional studies are necessary to
determine the mechanisms of Fbg leading to poorer
survival.

Previous studies have shown that LDH levels are associ-
ated with SCLC prognosis.**' In the present study, LDH
levels were associated with prognosis in univariate analysis,
but not in multivariate analysis. It must be stressed that
LDH is increased in cancer patients, but also in other con-
ditions such as heart failure, hypothyroidism, anemia,
some infections, and acute pancreatitis.’”> Therefore, the
lack of association could be a result of other factors
influencing the LDH levels in our patients. Additional
studies are necessary to address this point.

The present study has some limitations. Indeed, it was a
retrospective, single-center study with a small sample size.
Data were limited to what was available in the medical
charts and prevented in-depth analysis of the coagulation
pathways on survival. Multicenter studies should be per-
formed to confirm the prognostic value of plasma Fbg level
in patients with SCLC.
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Figure 2 Kaplan-Meier curves of overall survival stratified by fibrinogen level. (a) Extensive disease (P = 0.004), (b) limited disease (P = 0.994), (c)
Eastern Cooperative Oncology Group (ECOG) grade 3-4 (P = 0.055), and (d) ECOG grade 0-2 (P = 0.169) subgroups.

The results of the present study strongly suggest that
higher Fbg levels were significantly and independently
associated with poor prognosis in patients with SCLC. Fbg
could serve as a simple and effective biomarker for asses-
sing prognosis in SCLC patients.
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