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Background: This study aimed to evaluate the prognostic significance of plasma fibrinogen, serum albumin, the mean plate-
let volume (MPV), and the neutrophil-to-lymphocyte ratio (NLR) in patients with laryngeal squamous cell car-
cinoma (LSCC) who underwent surgical resection.

Material/Methods: A retrospective study included 110 patients with LSCC who underwent surgical resection between January
2008 to June 2015. Clinicopathologic and demographic data were recorded. Preoperative levels of plasma fi-
brinogen, serum albumin, MPV, and NLR were measured, and all patients underwent postoperative follow-up.
The Kaplan-Meier method was used to determine the impact of these factors on overall survival (OS) and dis-
ease-free survival (DFS).

Results: Preoperative hyperfibrinogenemia was significantly correlated with clinical stage, T stage, and tumor location
in patients with LSCC (P<0.05). Serum albumin, MPV, and NLR were significantly correlated with the clinical
stage and the T stage (P<0.05). The OS and DFS were significantly reduced in patients with hyperfibrinogen-
emia compared with patients with plasma fibrinogen <4 g/dL (P<0.05). Serum albumin of 35 g/L was not sig-
nificantly correlated with OS (P>0.05). Patients with an MPV <9.5 fL had a significantly longer OS compared
with patients with an MPV 29.5 fL (P=0.026). The DFS of patients with an NLR <2.22 was significantly longer
than for those with an NLR >2.22.

Conclusions: Preoperative hyperfibrinogenemia, increased MPV and NLR were associated with reduced prognosis in patients
with LSCC.

MeSH Keywords: Laryngeal Neoplasms ¢ Nutrition Assessment ¢ Preoperative Period

Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/914426

%2295 %4 MEIZ %44

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
4527 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




CLINICAL RESEARCH

Background

Laryngeal squamous cell carcinoma (LSCC) is the most common
type of laryngeal cancer, accounting for 95-98% cases [1,2].
Early diagnosis and treatment of LSCC with surgery or radio-
therapy can achieve favorable results, but the treatment of ad-
vanced-stage LSCC has a poor prognosis, and the 5-year survival
rate is low [3-5]. Therefore, early diagnosis and early treatment
are essential for improved prognosis of patients with LSCC.

The primary risk factors for LSCC include male gender, smoking,
drinking, and infection with human papillomavirus (HPV) [6-9].
The tumor grade and stage of LSCC are considered to be inde-
pendent prognostic factors for prognosis, and other prognos-
tic factors include the primary site, tumor size, lymph node
metastasis, and the presence of distant metastases. Recently,
several studies have been undertaken to identify preoperative
prognostic factors several types of cancer, including peripheral
blood-derived inflammatory factors that include the neutro-
phil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio
(LMR), C-reactive protein (CRP) levels, the platelet-to-lympho-
cyte ratio (PLR), the prognostic nutritional index (PNI), serum
albumin concentration, total lymphocyte count, fibrinogen lev-
els, red cell distribution width (RDW), and mean platelet vol-
ume (MPV) [10-20].

This retrospective study aimed to evaluate the prognostic
significance of plasma fibrinogen, serum albumin, MPV, and
NLR in patients with LSCC who underwent surgical resection
at a single center.

Material and Methods

Patients

A retrospective study included 110 patients with laryngeal squa-
mous cell carcinoma (LSCC) who underwent surgical resection
at Guangdong Provincial Peoples’ Hospital between January
2008 and June 2015. Surgical procedures included CO, laser
surgery (35 cases, 31.82%), partial laryngectomy (51 cases,
46.36%), and total laryngectomy (24 cases, 21.82%). The clin-
ical stage of laryngeal carcinoma was determined according to
the 8" American Joint Committee on Cancer (AJCC) TNM stag-
ing system. The study inclusion criteria were histologically-con-
firmed LSCC, no previous history of surgery, radiotherapy, or
chemotherapy before hospital admission, no history of other
malignancy, no distant metastases, complete clinical, radio-
logic, laboratory, and follow-up data, no hematological disor-
ders, no autoimmune disease or treatment with glucocorti-
coids. Patients underwent 3-monthly postoperative follow-up
and their survival status, disease progression, and time of
death were recorded. This study was approved by the Ethics
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Committee of Guangdong General Hospital and Guangdong
Academy of Medical Sciences. All clinical procedures were per-
formed in accordance with the Declaration of Helsinki. All pa-
tients signed informed consent to be included in this study.

Biochemical analysis

Blood samples of all patients were collected before breakfast
at two weeks before surgery. Biochemical analysis, including
tests for plasma fibrinogen, serum albumin, the mean platelet
volume (MPV), and the neutrophil-to-lymphocyte ratio (NLR),
was conducted using clinical laboratory equipment, according
to the manufacturers’ instructions. Briefly, the levels of fibrin-
ogen were measured by a CA-7000 automatic coagulation an-
alyzer (Sysmex Corporation, Kobe, Japan). Serum albumin was
measured using the bromocresol green (BCG) dye method. MPV
was measured from blood drawn into EDTA-treated tubes us-
ing a Beckman-Coulter analyzer (Sysmex Corporation, Tokyo,
Japan). Neutrophils and lymphocytes were measured with an
automatic nephelometer (Sysmex Corporation, Tokyo, Japan)
and the NLR was calculated as the absolute neutrophil count
divided by the absolute lymphocyte count.

Statistical analysis

Statistical analysis of the study data was performed using
SPSS version 19.0 (IBM, Chicago, IL, USA). Categorical vari-
ables were expressed as counts and percentages and were
compared using a chi-squared (x?) test or Fisher’s exact test.
Univariate and multivariate analysis were performed to de-
termine survival differences using Cox proportional hazards
models and were expressed as the hazard ratio (HR) and the
95% confidence interval (CI). The optimal cutoff score for pre-
operative NLR was defined by receiver operating characteris-
tic (ROC) curve analysis. The cutoff value was the point clos-
est to both maximum sensitivity and specificity. The variables
that were shown to be associated with overall survival (OS)
and disease-free survival (DFS) by univariate analysis under-
went multivariate analysis with the Cox proportional-hazards
model. Survival curves were calculated using the Kaplan-Meier
method and compared using the log-rank test. P<0.05 was con-
sidered as statistically significant.

Results

Demographic data

A total of 110 patients, including seven women (6.36%) and
103 men (93.64%) with laryngeal squamous cell carcinoma
(LSCC), were eligible for this study. The median age of the re-
cruited patients was 61.5 years (range, 43-85 years). The tu-
mor site was glottic in 72 (65.45%) patients, supraglottic in 34
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Table 1. The clinicopathological characteristics of the patients with laryngeal squamous cell carcinoma (LSCC) treated with surgical

resection and included in the study.

Characteristic

Agett (yrs) *

Values n (%)
61.5 + 10.38 (range, 43-85 yrs)

4.34 £ 1.93

T - tumor; OS — overall survival; DFS — disease-free survival; ALC — absolute lymphocyte count; AMC — absolute monocyte count;
ANC - absolute neutrophil count; MPV — mean platelet volume. * Values are expressed as the median (range); # Values are expressed
as the mean + standard deviation (SD). TNM staging: clinical stage of laryngeal cancer was determined according to the American Joint

Committee on Cancer (AJCC) TNM stage (7t edition, 2010).

(30.91%), and subglottic in four (3.64%) patients. There were
53 (48.18%) patients with stage I-1l LSCC and 57 (51.82%) pa-
tients with stage IlI-IV LSCC (Table 1).

Selection of the cutoff values for fibrinogen, albumin,
mean platelet volume (MPV), and the neutrophil-to-
lymphocyte ratio (NLR)

The normal ranges at our institution are: plasma fibrinogen,
1.90-4.00 g/L; serum albumin 35.0-55.0 g/L; and mean plate-
let volume (MPV), 9.5-13 fL. For adults, a serum albumin level
<3.5 g/dL represents hypoalbuminemia [21,22]]. MPV <9.5 fL
was defined as the cutoff value for a low MPV, according to
previously reported findings [20]. The cutofff value of the
NLR was determined by the receiver operating characteris-
tic (ROC) curve analysis. According to the ROC curve, the op-
timal cutoff value of preoperative NLR was 2.22. The area un-
der the ROC curves (AUC) was 0.692 with a 95% confidence
interval (Cl) of between 0.515-0.713 (Figure 1). There were 43
patients (39.09%) with hyperfibrinogenemia (>4 g/L), 34 pa-
tients (30.91%) with hypoalbuminemia (<35 g/L), and the MPV
of 30 fL (27.27%) patients was <9.5 fL (Table 1).
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Figure 1. The optimal cutoff score of the preoperative

neutrophil-to-lymphocyte ratio (NLR) was defined
by the receiver operating characteristic (ROC) curve
analysis. The area under the ROC curves (AUC)

was 0.692 with a 95% confidence interval (Cl) of
0.515-0.713.
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Table 2. Correlation between preoperative plasma fibrinogen, serum albumin, mean platelet volume (MPV), and the neutrophil-to-
lymphocyte ratio (NLR) with clinicopathological features of the patients with laryngeal squamous cell carcinoma (LSCC)
treated with surgical resection.

Fibrinogen (g/L) Albumin (g/L)

>4  P-value Normal <35 P-value Normal <9

Age (years)

<60 44 31 13 34 1 31 12 1 13
*************************************************** OO G sl () 8115 8 Ml )1 R () B e 010 O
>60 66 36 30 2 2 9 1 36 3
Gender
Male 103 64 3 2 31 4 2 4 3
*************************************************** O O el (17 A Ml ()7 21 O B 149.)
Female 7 3 4 6 3

-1l 53 42 11 43 10 43 39 14
—————————————————————————————————————————————————————————————————— €001 - 0008 003 ~ — 0009
-1V 57 25 32 33 24 37 20 28 29
T
T1-T2 58 46 12 48 10 47 10 42 15
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr GBI e QU] oo I e (008
T3-T4 52 21 31 28 24 33 19 25 27
N
NO 83 53 30 58 25 50 22 53 30
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr G e T B el PG
N1-N3 27 14 13 18 2 14 13

Glottic 72 50 22 53 19 57 14 44 28
Supraglottic 34 16 18 0.029 21 13 0.339 21 13 0.082 22 12 0.311
Subglottic 4 1 3 2 2 2 2 1 3

1 33 16 17 22 11 23 10 22 11
2 56 41 15 0.615 39 17 0.700 44 12 0.943 33 23 0.441
3 21 10 11 15 6 13 7 12 9

No (0) 74 44 3 52 (0) 22 56 1 5 29
—————————————————————————————————————————————————————————————————— R S 5 s 1 B (15 )

Yes (1) 36 23 13 24 12 24 12 25 11

Alcohol

No (0) 91 55 36 64 12 68 12 59 32
—————————————————————————————————————————————————————————————————— R L L & B () ) B 01320

Yes (1) 19 12 12 12 12
Correlations between plasma fibrinogen, serum albumin, correlated with the clinical stage and T stage (Table 2) (P<0.05).
MPV, and NLR with the clinicopathological findings in Also, levels of albumin and the NLR were significantly corre-
patients with LSCC lated with plasma levels of fibrinogen (Table 3).

The patients were divided into high-level and low-level groups The prognostic significance of hyperfibrinogenemia, MPV,
according to the above cutoff values and correlations were and NLR on overall survival (0S) and disease-free survival
calculated for patient clinicopathological features (Table 2). (DFS)

Hyperfibrinogenemia was significantly correlated with the clin-

ical stage, T stage, and tumor location in patients with LSCC The median overall survival (OS) for all patients was 44 months
(P<0.05). Serum albumin, MPV, and the NLR were significantly (range, 4-72 months), and the median disease-free survival (DFS)
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Table 3. Correlation between preoperative plasma fibrinogen, serum albumin, and the neutrophil-to-lymphocyte ratio (NLR) in
patients with laryngeal squamous cell carcinoma (LSCC) treated with surgical resection.

Albumin (g/L)

Fibrinogen
Normal 67 56 11
>4 43 20 23

15 52
<0.01 <0.01
24 19
26 50
——————————————————————————————————————————————————————————————————————— 0.683
13 21

was 43 months (range, 4-69 months). There were 87 patients
(79.09%) who were alive at the end of the follow-up period, and
11 patients (10.00%) developed tumor recurrence. The prognos-
tic significance of the four indicators was further determined by
Kaplan-Meier analysis. As shown in Figure 2A and 2B, the OS
and DFS of patients with hyperfibrinogenemia (fibrinogen >4 g/L)
were significantly shorter compared with the patients with fi-
brinogen <4 g/L (P=0.02 and P=0.005, respectively). For serum
albumin, the level of 35 g/L could not distinguish between pa-
tients with LSCC with an increased OS from those with reduced
0S (P= 0.317) (Figure 2C). The OS of patients with LSCC and an
MPV <9.5 fL was significantly longer compared with patients
with MPV >0.5 fL (P=0.026). The DFS of patients with a MPV
<9.5 fL compared with patients with MPV >9.5 fl showed no
significant difference (P=0.059) (Figure 2D, 2E). The DFS of pa-
tients in the NLR <2.22 group was significantly longer compared
with patients in the NLR >2.22 group (Figure 2F). Also, multivar-
iate analysis with the Cox proportional hazards model showed
that preoperative levels of fibrinogen and MPV were indepen-
dent markers for poor prognosis in patients with LSCC (Table 4).

Discussion

Morbidity and mortality from advanced laryngeal squamous cell
carcinoma (LSCC) are high due to the high rate of metastasis
and local recurrence. Surgery and radiation therapy are first-line
treatments that result in similar overall survival (OS) and dis-
ease-free survival (DFS). Combined modality therapy is generally
recommended for approximately 60% of patients with head
and neck cancers, according to the National Comprehensive
Cancer Network (NCCN) [23]. The present study selected sur-
gery as an independent treatment to analyze the prognostic
factors associated with outcome following surgery for LSCC.

In the present study, preoperative plasma fibrinogen was a sig-
nificant prognostic factor for both DFS and OS. In tumor pro-
gression, levels of inflammatory cytokines have been shown

to be increased [24-26]. Fibrinogen is a pro-inflammatory
protein, which involved in the formation of extracellular ma-
trix and has important roles in tumor initiation and progres-
sion [27-29]. It is possible that high plasma fibrinogen levels
in LSCC are secondary to the increased systemic inflammatory
response due to tumor progression. Serum albumin has been
used as a surrogate marker to reflect malnutrition associated
with malignancy, and a previously published study showed
that the prognostic nutritional index (PNI), which was calcu-
lated as serum albumin + 5xtotal lymphocyte count, could
predict survival in patients with LSCC after curative laryngec-
tomy [17]. However, in the present study, serum albumin lev-
els of <35 g/L did not distinguish between the patients with
LSCC with a long OS from those with a short OS (P=0.317).
This finding might be explained in two ways. First, the study
sample size was relatively small and only 110 patients were
enrolled. Second, total lymphocyte count was not evaluated
when serum albumin was studied. Therefore, further studies
are still needed to evaluate the prognosis value of measur-
ing preoperative serum albumin levels in patients with LSCC.

The neutrophil-to-lymphocyte ratio (NLR), as an indicator of in-
flammatory and immune status, has previously been shown to
be associated with improved patient survival with many types
of cancers, including liver cancer, stomach cancer, esophageal
cancer, soft tissue sarcoma, and breast cancer [30,31]. In the
present study, receiver operating characteristic (ROC) curve anal-
ysis was used to identify the optimal cutoff value of the NLR
as 2.22, which was different from previously reported values.
The cutoff value of the NLR for patients with breast cancer
was 2.06 with an AUC of 0.56 (95% Cl, 0.43-0.69) in a previ-
ous study [32]. In patients with LSCC, Fu et al. established the
cutoff value of the NLR as 2.59 with an AUC of 0.61 (95% (I,
0.55-0.66) [33]. The cutoff value of the NLR in another previ-
ous study was identified as 2.17 with an AUC of 0.614 (95%
Cl, 0.515-0.713) [34]. In the present study, the AUC was 0.692
(95% Cl, 0.515-0.713), which was higher than that reported in
previous studies. Further analysis suggested that the patients
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Figure 2. (A-F) Kaplan-Meier survival curves for the overall survival (OS) and disease-free survival (DFS) of patients with laryngeal
squamous cell carcinoma (LSCC) with the four indicators of plasma fibrinogen, serum albumin, mean platelet volume (MPV),
and the neutrophil-to-lymphocyte ratio (NLR)
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Table 4. Multivariate analysis of overall survival (OS) in patients with laryngeal squamous cell carcinoma (LSCC) treated with surgical
resection and preoperative plasma fibrinogen, mean platelet volume (MPV), and the neutrophil-to-lymphocyte ratio (NLR).

HR 95% CI

Variables Regression coefficient
Fibrinogen -1.068
oMy 0918
Nk 0878

0.017 0.344 (0.143-0.827)
0.033 0.399 (0.171-0.9310)
0.059 2.405 (0.968-5.974)

HR — hazard ratio; Cl — confidence interval; MPV — mean platelet volume; NLR — neutrophil-to-lymphocyte ratio.

with an increased NLR >2.22 had a significantly shorter DFS
and OS when compared with patients with a low NLR <2.22.
Although a different cutoff value of the NLR was identified in
the present study, the general conclusion regarding the prog-
nostic value of the preoperative NLR was consistent with pre-
vious studies.

In this study, evaluation of the prognostic role of the preop-
erative mean platelet volume (MPV) for patients with LSCC
showed that the OS of patients with LSCC with MPV <9.5 fL
was significantly increased when compared with patients with
MPV >9.5 fL. However, the DFS of patients with MPV <9.5 fL
compared with patients with MPV >9.5 fL showed no signif-
icant difference. MPV is a platelet volume index that is usu-
ally used as a marker of platelet activation [35]. Altered MPV
levels have been reported in patients with several types of
cancers, but its prognostic value remains controversial as
low MPVs have been associated with poor prognosis in non-
small cell lung cancer (NSCLC) [30,36], bladder cancer, and re-
nal cell carcinoma [37,38], but in patients with colorectal can-
cer, increased MPV was associated with poor prognosis [39].
This was the first study to investigate the prognostic value of
MPV in patients with LSCC and the findings supported that in-
creased MPV was associated with poor prognosis.

The findings from the present study showed some relation-
ships between peripheral blood hematological and serologi-
cal parameters, patient demographics, clinicopathologic char-
acteristics, and patient prognosis in LSCC. There have been
previous reports that high preoperative plasma levels of fi-
brinogen correlated with poor patient survival in esophageal
squamous cell carcinoma [40,41] and advanced hypopharyn-
geal squamous cell carcinoma [42]. Pretreatment measure-
ment of the NLR and the platelet-to-lymphocyte ratio (PLR)
have been shown to be a useful complement to TNM staging
in the prognostic assessment of patients with nasopharyn-
geal carcinoma (NPC) [43]. Also, a recent study showed that
the NLR was significantly associated with the progression of
LSCC and with DFS and cancer-specific survival (CSS), which

supports the view that hematological parameters could be con-
sidered independent prognostic parameters for patients with
LSCC [44]. The findings of the present study also showed that
hyperfibrinogenemia, increased MPV and an increased NLR
were associated with poor prognosis for patients with LSCC,
while an association between serum albumin levels and pa-
tient survival was not detected.

The parameters investigated in the present study, including
plasma fibrinogen, serum albumin, MPV, and NLR have been
previously reported to have independent predictive value for
patient prognosis in several types of cancer. However, previ-
ous studies have usually investigated one factor and few stud-
ies have been conducted to compare these factors, especially
in LSC. However, this study had several limitations. First, this
was a single-center retrospective study with a relatively small
sample size with only 110 patients with LSCC. Second, all pa-
tients were Chinese and further studies should be conducted
that include other ethnic groups. Also, it is difficult to clearly
identify the relationship between peripheral hematological
parameters and outcome following surgical resection for ma-
lignancy from a retrospective study. Therefore, further large-
scale prospective and multicenter studies are needed to de-
termine the prognostic role of the factors studied before any
recommendations can be made for their clinical use.

Conclusions

The findings from this study showed that preoperative hyper-
fibrinogenemia, an increased mean platelet volume (MPV), and
an increased neutrophil-to-lymphocyte ratio (NLR) were asso-
ciated with reduced overall survival (OS) and disease-free sur-
vival (DFS) in patients with laryngeal squamous cell carcinoma
(LSCC) who underwent surgical resection. There was no detected
prognostic value for serum albumin levels. This was a small
retrospective study conducted at a single center and further
large-scale multicenter studies are needed to validate these
findings in patients with LSCC.
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