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Abstract
Introduction:  Although  the  red  cell  distribution  width  has  been  reported  as  a  reliable  predictor
of prognosis  in  several  types  of  cancer,  to  our  knowledge  few  reports  have  focused  on  the
prognostic  value  of  red  cell  distribution  width  in  laryngeal  carcinoma.
Objective:  We  aimed  to  explore  whether  the  pretreatment  red  cell  distribution  width  predicted
recurrence  in  laryngeal  cancer  patients  is  a  simple,  reproducible,  and  inexpensive  prognostic
biomarker.
Methods:  All  laryngeal  cancer  patients  who  underwent  curative  surgery  (n  =  132)  over  a  7
year study  period  were  evaluated.  Data  on  demographics,  primary  tumor  site,  T-stage,  N-
stage, histological  features  (differentiation;  the  presence  of  perineural/perivascular  invasion),
treatment  group  (total  laryngectomy  or  partial  laryngectomy)  or  adjuvant  therapy  (chemother-
apy/radiotherapy);  laboratory  parameters  (complete  blood  count,  including  the  pre-operative
red cell  distribution  width),  and  disease-free  survival  rates  were  retrospectively  reviewed.  All
cases were  divided  into  three  groups  by  the  red  cell  distribution  width  tertile  [<13%  (25th
percentile)  (n  =  31),  13---14.4%  (50th  percentile)  (n  =  72),  and  >14.4%  (75th  percentile)  (n  =  29)].
Results: High-red  cell  distribution  width  group  included  more  patients  of  advanced  age,  and
more of  those  with  recurrent  and  metastatic  tumors  (p  =  0.005,  0.048,  and  0.043,  respectively).
Individuals  with  red  cell  distribution  width  >14.4%  (75th  percentile)  had  lower  disease  free

survival rates  than  did  those  with  red  cell  distribution  width  <13%  (25th  percentile)  (p  =  0.014).
Patients with  red  cell  distribution  width  >14.4%  at  diagnosis  were  at  a  higher  risk  of  locoregional
recurrence  (hazard  ratio  =  5.818,  95%  confidence  interval  (95%  CI)  1.25---26.97;  p  =  0.024)  than
patients with  a  normal  red  cell  distribution  width  (<13%).
� Please cite this article as: Bozkurt G, Korkut AY, Soytaş  P, Dizdar SK, Erol ZN. The role of red cell distribution width in the locoregional
recurrence of laryngeal cancer. Braz J Otorhinolaryngol. 2019;85:357---64.
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Conclusion:  We  found  that  the  pretreatment  red  cell  distribution  width  was  independently
prognostic  of  disease  free  survival  rate  in  patients  with  laryngeal  cancer  and  may  serve  as  a
new, accurate,  and  reproducible  means  of  identifying  early-stage  laryngeal  cancer  patients  with
poorer prognoses.
© 2018  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published
by Elsevier  Editora  Ltda.  This  is  an  open  access  article  under  the  CC  BY  license  (http://
creativecommons.org/licenses/by/4.0/).
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O  papel  da  amplitude  de  distribuição  de  eritrócitos  na  recorrência  locorregional  do
câncer  da  laringe

Resumo
Introdução:  Embora  a  amplitude  de  distribuição  de  eritrócitos  tenha  sido  relatada  como  um
preditor  confiável  de  prognóstico  em  vários  tipos  de  câncer,  que  seja  de  nosso  conhecimento,
poucos estudos  se  concentraram  no  valor  prognóstico  dessa  medida  no  carcinoma  laríngeo.
Objetivo:  Avaliar  se  a  amplitude  de  distribuição  de  eritrócitos  pré-tratamento  prevê  a  recorrên-
cia em  pacientes  com  câncer  de  laringe  como  um  biomarcador  prognóstico  simples,  reprodutível
e não  dispendioso.
Método:  Foram  avaliados  todos  os  pacientes  com  câncer  de  laringe  submetidos  à  cirurgia  cura-
tiva (n  =  132)  durante  sete  anos.  Dados  demográficos,  local  do  tumor  primário,  estágio  T,  estágio
N, características  histológicas  (diferenciação;  presença  de  invasão  perineural/perivascular),
grupo de  tratamento  (laringectomia  total  ou  laringectomia  parcial)  ou  terapia  adjuvante
(quimioterapia/radioterapia);  parâmetros  laboratoriais  (hemograma,  inclusive  a  amplitude  de
distribuição de  eritrócitos  pré-operatório)  e  a  sobrevida  livre  de  doença  foram  revisados  ret-
rospectivamente.  Todos  os  casos  foram  divididos  em  três  grupos  pelo  tercil  da  amplitude  de
distribuição de  eritrócitos  [<  13%  (percentil  25)  (n  =  31),  13%  ---  14,4%  (percentil  50)  (n  =  72)  e  >
14,4% (percentil  75)  (n  =  29)].
Resultados:  O  grupo  com  amplitude  de  distribuição  de  eritrócitos  elevado  incluiu  um  número
maior de  pacientes  com  idade  avançada  e  mais  pacientes  com  tumores  recorrentes  e  metastáti-
cos (p  =  0,005,  0,048  e  0,043,  respectivamente).  Os  indivíduos  com  a  amplitude  de  distribuição
de eritrócitos  >14,4%  (percentil  75)  apresentaram  taxas  de  sobrevida  livre  de  doença  menores
do que  aqueles  com  a  amplitude  de  distribuição  de  eritrócitos  <13%  (percentil  25)  (p  =  0,014).
Pacientes  com  a  amplitude  de  distribuição  de  eritrócitos  >14,4%  no  diagnóstico  apresentaram
maior risco  de  recorrência  locorregional  [Hazard  Ratio  =  5,818,  intervalo  de  confiança  de  95%
(IC 95%)  1,25---26,97;  p  =  0,024]  do  que  pacientes  com  a  amplitude  de  distribuição  de  eritrócitos
normal (<  13%).
Conclusão:  Verificamos  que  a  amplitude  de  distribuição  de  eritrócitos  pré-tratamento  foi  um
fator prognóstico  independente  de  sobrevida  livre  de  doença  em  pacientes  com  câncer  de
laringe e  pode  servir  como  um  novo  parâmetro,  preciso  e  reprodutível,  para  identificar  pacientes
com câncer  de  laringe  em  estágio  inicial  com  piores  prognósticos.
© 2018  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Publicado
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n  recent  years,  systemic  hematological  markers  have
ecome  increasingly  recognized  as  prognostic  of  the  out-
omes  of  malignancies.  The  red  cell  distribution  width
RDW),  routinely  measured  during  a  complete  blood  cell
ount  (CBC),  reflects  the  extent  of  erythrocyte  size  hetero-
eneity  (i.e.,  the  level  of  anisocytosis).  RDW  is  a  marker  of
he  systemic  inflammatory  response,  and  many  studies  have
xplored  the  relationship  between  RDW  and  cardiovascu-

1---6
ar  disease  and  inflammatory  conditions. Recently,  RDW
as  shown  to  be  of  prognostic  utility  in  patients  with  differ-
nt  malignancies.7---9 An  earlier  study  indicated  that  the  RDW
ight  predict  the  survival  of  laryngeal  cancer  patients.10

p
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é  um  artigo  Open  Access  sob  uma  licença  CC  BY  (http://
by/4.0/).

Laryngeal  Squamous  Cell  Cancer  (LSCC)  is  one  of  the
ost  common  malignancies  worldwide,  and  the  identifica-

ion  of  prognostic  factors  may  improve  patient  outcomes.
nown  prognostic  factors  include  T-stage,  an  extracapsu-
ar  extension,  neck  involvement,  and  surgical  treatment
utcomes.11,12 These  factors  are  disease  stage-associated;
ittle  is  known  about  non-disease-related  prognostic  factors.
lthough  certain  molecular  signatures  have  been  used  to
tratify  survival  in  different  cohorts  of  LSCC  patients,13---15 no
imple,  reproducible,  and  inexpensive  prognostic  biomarker
or  use  in  clinical  settings  is  yet  available.  A  CBC  is  a  sim-

le,  reproducible,  and  inexpensive  test.  Thus,  our  purpose
as  to  explore  whether  the  pretreatment  RDW  predicted

ecurrence  in  laryngeal  cancer  patients.
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The  role  of  red  cell  distribution  width  in  laryngeal  cancer  

Materials and methods

After  obtaining  the  approval  of  local  Ethics  Committee
(No.  812-13/06/2017),  we  retrospectively  reviewed  data
on  132  consecutive  patients  who  underwent  surgery  to
treat  LSCC  between  2002  and  2009  in  our  unit.  We
recorded  demographic  data  and  information  on  staging,  pre-
operative  workup,  treatments,  and  outcomes  (as  recorded
in  case  notes,  surgical  logbooks,  and  our  electronic  patient
and  pathology  databases).  Unfortunately  some  pathology
reports  were  either  unclear  or  missing.  Unclear  data  were
omitted  from  analysis.

Patients  with  histopathologically  confirmed  laryngeal
cancer  and  those  who  underwent  curative  resection  (par-
tial  or  total  laryngectomy  with  neck  dissection)  were
included.  The  exclusion  criteria  were  as  follows:  (1)
non-surgical  treatment  (chemotherapy/radiotherapy);  (2)
recurrent  laryngeal  cancer  or  another  histological  type  of
laryngeal  cancer  other  than  squamous  cell  carcinoma  (e.g.,
stromal  tumors  and  neuroendocrine  tumors);  (3)  prescrip-
tion  of  neoadjuvant  therapy;  (4)  pathological  downstaging
of  tumors  to  Stage  I  or  II  from  Stage  III  or  IV;  (5)  a  cohesive
front  or  positive  excision  margin;  (6)  any  in  situ  malig-
nancy,  and  (7)  an  unclear  pathology  report.  All  patients
were  staged  using  the  AJCC/UICC-TNM  system  for  laryngeal
cancer  (7th  edition).16 The  variables  used  to  stratify  sur-
vival  included  age,  primary  tumor  site,  T-stage,  N-stage,
histological  features  (differentiation;  the  presence  of  per-
ineural/perivascular  invasion),  treatment  group  therapeutic
(Total  Laryngectomy  ---TL  or  Partial  Laryngectomy  ---  PL)  or
Adjuvant  Therapy  (Chemotherapy  ---  CT/Radiotherapy  ---  RT);
laboratory  parameters  (CBC,  including  the  pre-operative
RDW),  and  disease-free  survival  (DFS).  All  patients  were
divided  into  two  groups  in  terms  of  disease  stage:  early  (T-
stages  I  and  II)  (n  =  73)  and  advanced  (T-stages  III  and  IV)
(n  =  59).  Follow-up  featured  clinical  examinations  every  3---6
months  for  the  first  2  years  and  annual  examinations  there-
after.  This  ensured  a  follow-up  duration  of  ≥5  years.  DFS  was
the  duration  from  the  date  of  diagnosis  to  the  date  of  locore-
gional  recurrence  or  the  last  follow-up.  Only  10  patients
died  during  follow-up  (4  from  cancer);  overall  survival  could
thus  not  be  calculated.  Distant  Recurrence  (DR)  was  diag-
nosed  either  clinically  (including  via  ultrasound-guided  fine
needle  aspiration)  or  via  imaging  (Computed  Tomography  ---
CT  or  positron  emission  CT).  All  recurrences  were  biopsy-
proven  except  in  patients  in  whom  either  comorbid  disease
or  disease  progression  rendered  invasive  biopsies  contraindi-
cated.

Statistics

All  statistical  analyses  were  performed  with  the  aid  of
SPSS  version  15.0  for  Windows.  Descriptive  statistics  are
expressed  as  means  ±  standard  deviations  (SDs)  and  medians
(continuous  variables),  or  as  frequencies  with  percentages
(categorical  variables).  All  cases  were  divided  into  three
groups  by  the  RDW  tertile  [<13%  (25th  percentile),  13---14.4%

(50th  percentile),  and  >14.4%  (75th  percentile)].  Clinically
relevant  differences  were  defined  using  the  Chi-squared
test  or  via  Monte  Carlo  simulation,  as  appropriate.  Con-
tinuous  and  categorical  parameters  were  compared  using
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he  independent  samples  t-test  or  the  Mann---Whitney  U  test
nd  chi-squared  test,  respectively.  Survival  was  assessed
ith  the  aid  of  the  log-rank  Kaplan---Meier  method.  Deaths

rom  causes  other  than  cancer  were  censored  at  the  dates
f  death  prior  to  DSS  analysis.  Variables  that  were  poten-
ially  prognostic  on  univariate  analyses  were  subjected  to
ultivariate  analyses  using  a  Cox’s  proportional  hazards

egression  model.  A  two-sided  p-value  <0.05  was  considered
o  reflect  statistical  significance.

esults

e  evaluated  132  males  of  mean  age  59.7  ±  9.4  years
range  33---83  years).  The  mean  RDW  (%)  of  the  entire
ohort  was  13.7  ±  1.2  (25th---75th  percentile:  13---14.4).  In
otal,  31  patients  had  RDWs  <13%  (25th  percentile),  72
DWs  13---14.4%  (50th  percentile),  and  29  RDWs  >14.4%
75th  percentile).  Twenty-four  patients  (18.2%)  devel-
ped  locoregional  recurrences  during  follow-up.  During

 median  follow-up  period  of  78.6  ±  22.0  months  (range
---96  months),  the  overall  mortality  was  7.5%  (n  =  10).
ost  deaths  were  attributable  to  factors  other  than  index
alignancies  (thus,  treatment-related  complications  or

nrelated/unknown  causes).  Four  patients  died  of  their  dis-
ases  per  se.  Thirteen  (9.8%)  patients  developed  distant
etastases  (Table  1).
The  characteristics  of  patients  stratified  by  the  pretreat-

ent  RDW  are  listed  in  Table  2. We  found  no  significant
orrelation  between  RDW  and  T-stage,  tumor  site,  nodal
nvolvement,  the  extent  of  histological  differentiation,
he  level  of  perivascular  or  peritumoral  invasion,  surgi-
al  choice,  or  adjuvant  chemoradiotherapy  status  (yes  or
o).  However,  the  high-RDW  group  included  more  patients
f  advanced  age,  and  more  of  those  with  recurrent  and
etastatic  tumors  (p  =  0.005,  0.048,  and  0.043,  respec-

ively).  On  subgroup  analysis,  patients  with  RDWs  >14.4%
75th  percentile)  were  more  likely  to  develop  locoregional
ecurrences  than  those  with  RDWs  <13%  (25th  percentile)
p  =  0.014).  However,  the  difference  between  patients  with
DWs  >14.4%  (75th  percentile)  and  RDWs  13---14.4%  (50th
ercentile)  was  not  significant  (p  =  0.153).  On  the  other
and,  the  high-RDW  group  (75th  percentile)  included  more
lderly  patients  than  the  50th  percentile  group  (p  =  0.004).
istant  metastasis  was  more  frequent  in  the  75th  percentile
DW  group  than  the  50th  percentile  RDW  group  (17.2  vs.
.2%;  p  =  0.042)  (Table  2).

The  8  year  DFS  rates  were  93.3%,  81.3%,  and  66.1%  among
atients  in  the  25th,  50th,  and  75th  percentiles,  respec-
ively.  The  DFS  differences  among  the  three  groups  were
tatistically  significant  (p  =  0.049).  Individuals  with  RDWs
14.4%  (75th  percentile)  had  lower  DFS  rates  than  did  those
ith  RDWs  <13%  (25th  percentile)  (p  =  0.014)  (Fig.  1).

The  RDW  exhibited  independent  prognostic  significance.
he  RDW  at  diagnosis  in  patients  with  laryngeal  cancer
as  an  independent  predictor  of  locoregional  recurrence  as

evealed  by  a  multivariable  analysis  (Table  3).  Patients  with
DWs  >14.4%  at  diagnosis  were  at  a  higher  risk  of  locore-

ional  recurrence  (hazard  ratio  ---  HR  =  5.818;  95%  confidence
nterval  ---  95%  CI:  1.25---26.97;  p  =  0.024)  than  patients  with

 normal  RDW  <13%).  PL  was  also  an  independent  predictor
f  DFS  (HR  = 0.233;  95%  CI:  0.085---0.637;  p  =  0.005).
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Table  1  Demographic  data  on  and  clinical  characteristics
of the  patients.

Patient characteristic Value

Age (years), mean ± SD (min---max) 59.7 ± 9.4 (33---83)
RDW, mean ± SD (min---max) 13.7 ± 1.2

(10.5---18.1)
25th percentile (13) 31 (23.5)
50th percentile (13.6) 72 (54.5)
75th percentile (14.4) 29 (22.0)
Stage, n (%)

T1 41 (31.1)
T2 32 (24.2)
T3 50 (37.9)
T4 9 (6.8)

Anatomical site, n (%)
Glottis 57 (43.2)
Supraglottis 49 (37.1)
Transglottis 26 (19.7)

LAP, n (%)
N1 8 (6.1)
N2a 1 (0.8)
N2b 9 (6.8)
N2c 7 (5.3)
N0 107 (81.1)

Differentiation, n (%)
Poor 24 (18.1)
Mild 84 (63.6)
Extensive 24 (18.2)

Perivascular invasion, n (%) 34 (25.8)
Perineural invasion, n (%) 19 (14.4)
Distant metastasis, n (%) 13 (9.8)
Time to metastasis (months);
mean ± SD (min---max)

35.5 ± 18.7 (6---72)

Locoregional relapse, n (%) 24 (18.2)
Relapse interval (months); mean ± SD
(min---max)

25.7 ± 19.2 (6---72)

Adjuvant treatment, n (%)
CRT 4 (3.0)
RT 46 (34.8)
No 82 (62.1)

Operation, n (%)
TL 65 (49.2)
SGL 24 (18.2)
Cordectomy 16 (12.1)
FLL 21 (15.9)
VHL 1 (0.8)
SCL 4 (3.03)
NTL 1 (0.8)

Follow-up time (months); mean ± SD
(min---max)

78.6 ± 22.0 (2---96)

Mortality, n (%)
Treatment-related factors 6 (4.54)
Laryngeal cancer 4 (3.03)

Postoperative complications, n (%) 23 (17.4)

SD, standard deviation; LAP, lymphadenopathy; TL, total
laryngectomy, SGL, supraglottic laryngectomy; FLL, fronto-
lateral laryngectomy; VHL, vertical hemilaryngectomy; SCL,
supracricoid laryngectomy; NTL, near-total laryngectomy; CRT,
chemoradiotherapy; RT, radiotherapy.
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For  clarity,  the  patient  characteristics  and  treatment
esults  for  those  treated  with  a  curative  intent  are  presented
eparately  from  those  with  T1---2  and  T3---4  stage  tumors.
he  Kaplan---Meier  cumulative  DFS  curves  based  on  the  RDWs
f  early-stage  patients  are  shown  in  Fig.  2.  The  8  year  DFS
ates  were  93.3,  76.1,  and  34.1  in  the  25th,  50th,  and  75th
ercentile  tertiles,  respectively.  The  DFS  rates  of  the  three
roups  differed  significantly  (p  =  0.004).  At  a  median  follow-
p  time  of  78.6  (2---96)  months,  patients  with  RDWs  <13%
25th  percentile)  exhibited  better  DFS  than  those  with  RDWs

14.4%  (75th  percentile)  (p  =  0.003).

The  Kaplan---Meier  cumulative  DFS  rates  based  on  the
DWs  of  advanced-stage  patients  are  shown  in  Fig.  3.  The  8
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Table  2  Clinicopathological  characteristics  of  laryngeal  cancer  patients  by  RDW  tertile.

RDW  p-Value

<13  13---14.4  >14.4

Mean  ±  SD  Mean  ±  SD  Mean  ±  SD

Age  (years)  60.5  ±  8.6  57.5  ±  9.3  64.0  ±  9.0  0.05

RDW  p-Value

<13  13---14.4  >14.4

n  %  n  %  n  %

Stage
T1  8  25.8  26  36.1  7  24.1  0.304
T2 8  258  20  27.8  4  13.8
T3 12  38.7  23  31.9  15  51.7
T4 3  9.7  3  4.2  3  10.3

Stage
Early 16  51.6  46  63.9  11  37.9  0.053
Advanced 15  48.4  26  36.1  18  62.1

Anatomical site
Glottis  12  38.7  31  43.1  14  48.3  0.122
Supraglottis  9  29.0  32  44.4  8  27.6
Transglottis 10  32.3  9  12.5  7  24.1

LAP 4  12.9  14  19.4  7  24.1  0.533
Differentiation

Poor 7  22.6  11  15.3  5  17.2  0.852
Medium 19  61.3  45  62.5  20  69.0
Well 5  16.1  16  22.2  4  13.8

Perivascular invasion  6  19.4  18  25.0  10  34.5  0.398
Perineural invasion  3  9.7  10  13.9  6  20.7  0.502
Locoregional  relapse  2  6.5  13  18.1  9  31.0  0.048
Distant metastasis  5  16.1  3  4.2  5  17.2  0.043
Adjuvant treatment

No  17  54.8  47  65.3  18  62.1  0.462
CRT 1  3.2  1  1.4  2  6.9
RT 13  41.9  24  33.3  9  31.0

Operation
TL 18  58.1  29  40.3  18  62.1  0.359
SGL 4  12.9  17  23.6  3  10.3
SCL 1  3.2  2  2.8  1  3.4
Cordectomy 4  12.9  10  13.9  2  6.9

FLL 3  9.7  13  18.1  5  17.2
VHL 1  3.2  0  0.0  0  0.0
NTL 0  0.0  1  1.4  0  0.0

Subgroup analysis  Age  Locoregional  relapse  Distant  metastasis
RDW p-Value  p-Value  p-Value

<13 13---14.4  0.284  0.221  0.051
>14.4 0.285  0.014  1.000

13---14.4 >14.4  0.004  0.153  0.042

RDW, red cell distribution width; SD, standard deviation; LAP, lymphadenopathy; TL, total laryngectomy; SGL, supraglottic laryngectomy;
FLL, frontolateral laryngectomy; VHL, vertical hemilaryngectomy; SCL, supracricoid laryngectomy; NTL, near-total laryngectomy.
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Table  3  Multivariate  analysis  of  factors  prognostic  of  laryn-
geal cancer  progression  as  revealed  by  regression  modeling.

p-Value  HR  95%  CI

Age  0.730  1.009  0.959---1.062
Anatomical  site  (glottis) 0.947

Supraglottis  0.765  1.195  0.372---3.838
Transglottis  0.830  1.234  0.180---8.476

LAP 0.586  1.493  0.353---6.309
Perivascular  invasion  0.300  1.828  0.584---5.725
Perineural  invasion  0.753  0.793  0.187---3.358

Adjuvant  treatment  (no)  0.560
CRT 0.982  1.029  0.085---12.427
RT 0.314  0.472  0.110---2.032

Operation  (PL)  0.202  0.337  0.063---1.796
RDW

(<13) 0.081
13---14.4  0.273  2.330  0.513---10.581
>14 0.041  5.281  1.073---25.988

Stages 3---4  (advanced)  0.595  0.664  0.147---3.000
Backward

RDW
(<13%) 0.028
13---14.4%  0.275  2.301  0.516---10.262
>14.4%  0.024  5.818  1.255---26.970

Operation  (PL)  0.005  0.233  0.085---0.637

RDW, red cell distribution width; HR, hazard ratio; LAP, lym-
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ith  advanced  disease.  DFS,  disease-free  survival;  RDW,  red  cell
istribution  width.

ear  DFSs  were  93.3%,  91.8%,  and  88.5%  in  the  25th,  50th,
nd  75th  percentile  tertiles,  respectively.  These  DFS  rates
id  not  differ  significantly  (p  =  0.875).

iscussion

t  is  widely  believed  that  peritumoral  inflammation  plays
rucial  roles  in  cancer  initiation  and  progression.  Recent
rials  have  found  that  easily  measurable,  pretreatment
nflammatory  markers  can  be  used  to  predict  Head  and  Neck
quamous  Cell  Carcinoma  (HNSCC)  survival  and  recurrence
ndependent  of  the  TNM  stage.17---19 Also,  elevated  inflam-
atory  markers,  including  the  Neutrophil-to-Lymphocyte

N/L)  and  the  platelet-to-lymphocyte  ratios,  were  associ-
ted  with  poorer  survival  of  laryngeal  cancer  patients.10,20,21

nflammation  inhibits  red  blood  cell  maturation  by  distur-
ing  the  red  cell  membrane,  thus  elevating  the  RDW.22 Many
uthors  seek  a  better  understanding  of  this  relationship
iven  the  prognostic  and  therapeutic  possibilities.  RDW  is

 simple  marker  of  the  systemic  inflammatory  response  and
as  recently  been  reported  to  negatively  influence  the  clin-
cal  outcomes  of  various  cancers.23,24 However,  few  works
ave  focused  on  HNSCC.

In  this  report,  we  present  our  major  findings:  1)  Patients
ith  higher  RDWs  (>14.4%)  were  more  likely  to  experience
istant  metastasis  during  treatment  (p  =  0.043)  and  2)  DFS
as  negatively  correlated  with  the  preoperative  RDW.  More-
ver,  patients  with  RDWs  <13%  (25th  percentile)  experienced
etter  DFS  than  did  patients  with  RDWs  (>14.4%),  which  may
hus  be  an  appropriate  threshold  for  the  prediction  of  recur-
ence;  such  patients  require  special  attention.  However,
ara  et  al.10 found  no  difference  in  the  RDWs  of  patients
ith  local  or  regional  recurrence,  and  they  reported  that

 higher  RDW  increased  mortality  4.6  fold  and  was  inde-
endently  prognostic  of  mortality  in  patients  with  laryngeal
ancer.  In  the  present  study,  only  four  of  our  patients  died

rom  laryngeal  cancer;  thus,  we  were  unable  to  compare
ortality  rates.  Chronic  complications  associated  with  prior

reatment  can  cause  mortality;  many  ‘‘censored’’  mortali-
ies  may  in  fact  be  attributable  to  treatment-related  events.

b
r
i
c

phadenopathy; PL, partial laryngectomy; CRT, chemotherapy;
RT, radiotherapy; CI, confidence interval.

n  1990,  Howell-Burke  et  al.25 made  a  similar  observation
hen  studying  114  patients  with  T2  glottic  cancers,  of  whom
nly  7  died  of  disease.  Ward  et  al.26 found  that  the  treat-
ent  of  medical  comorbidities  was  a  fundamental  feature  of

urvivorship.  Our  findings  suggest  that  patient  outcomes  are
ikely  explained  by  a  combination  of  complex,  interrelated
atient-specific  factors,  rather  than  effects  of  the  primary
umors  per  se.  Although  we  found  no  significant  Overall  Sur-
ival  (OS)  differences,  we  cannot  exclude  the  possibility  that

 larger  series  would  have  yielded  more  representative  data
ssociated  with  a  statistically  significant  difference  in  OS
ates.

Previous  literature  is  in  corroboration  with  our  findings
hat  the  high-RDW  group  included  more  patients  of  advanced
ge.27,28 Increased  concentration  of  inflammatory  biomark-
rs  together  with  folate  and  vitamin  B  deficiencies  are  a
art  of  the  normal  aging  process,29 so  increased  RDW  in  the
lderly  should  be  expected.  RDW  also  reflects  anisocytosis
n  patients  with  various  diseases,  including  cardiovascu-
ar  disease,  venous  thromboembolism,  cancer,  diabetes,
ommunity-acquired  pneumonia,  chronic  obstructive  pul-
onary  disease,  and  liver  and  kidney  failure.30 An  increased
DW  may  be  a  feature  of  several  human  cancers.  Yazici
t  al.31 found  that  the  RDW  was  a  potential  prognostic
iomarker  in  patients  with  gastric  cancer.  Riedl  et  al.32
eported  that  a  high  RDW  independently  predicted  poor  OS
n  patients  with  various  cancers,  including  brain,  breast,
olon,  kidney,  or  lung  cancer;  lymphoma  and  multiple
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myeloma;  and  pancreas,  prostate,  or  stomach  cancer.  The
RDWs  of  patients  with  colon  cancer  were  significantly  higher
than  those  of  patients  with  colonic  polyps.33 We  found  that
an  RDW  >14.4%  increased  the  locoregional  recurrence  rate
5.8  fold  and  was  independently  prognostic  of  DFS  in  patients
with  laryngeal  cancer.

The  reason  for  the  association  between  a  higher  RDW  and
a  poor  outcome  remains  unclear.  However,  both  inflamma-
tion  and  poor  nutritional  status  may  be  in  play.24,26 RDW
was  positively  associated  with  cancer  stage  in  a  study  by
Koma  et  al.24 We  found  a  borderline  significant  interac-
tion  (p  =  0.053);  patients  with  advanced  laryngeal  cancer
had  significantly  higher  preoperative  RDWs.  However,  we
found  no  significant  relationship  between  any  other  tumor
characteristics  associated  with  poor  prognosis  (extent  of
differentiation,  nodal  involvement,  or  perivascular  and  per-
ineural  invasion)  in  high-RDW  patients.

It  has  been  difficult  to  identify  reliable  predictors  of
locoregional  recurrence  after  laryngeal  cancer  surgery.
Brandstorp-Boesen  et  al.34 studied  1615  laryngeal  cancer
patients.  Patients  with  supraglottic  cancer,  younger  sub-
jects,  those  with  T2---T3  stage  tumors,  and  patients  treated
earlier  in  the  study  period  were  at  increased  risks  of
recurrence.  Haapaniemi  et  al.35 studied  laryngeal  cancer
patients  in  Finland.  Those  with  T2  glottic  or  T2  supra-
glottic  cancer  showed  unexpectedly  poor  disease-specific
survival.  No  clear  explanation  was  apparent,  but  misclas-
sifications  among  T2---T3  tumors  and  the  lack  of  surgical
intervention  during  management  were  suggested  as  expla-
nations.  We  studied  only  patients  who  underwent  surgery;
Haapanemi  et  al.35 included  patients  undergoing  either
primary  chemoradiotherapy  or  surgery.  The  high  relapse
frequency  among  patients  with  T2---T3  glottic  carcinomas
is  in  line  with  our  results.  Notably,  total  laryngectomy
afforded  the  highest  local  control  rate  of  (mostly)  advanced
tumors.

Our  study  has  certain  limitations.  All  work  was  performed
at  a  single  center,  and  our  patient  numbers  were  small.
The  work  was  retrospective  in  nature,  and  some  data  (par-
ticularly  pathology  reports)  were  lacking.  Also,  we  did  not
explore  whether  RDW  was  associated  with  anemia,  and  we
did  not  measure  iron  or  vitamin  B12  levels.  However,  RDW
seems  to  be  a  significant  predictor  of  laryngeal  cancer  prog-
nosis.  Thus,  additional  multicenter  prospective  studies  with
more  patients  are  warranted.

Conclusion

We  found  that  the  pretreatment  RDW  was  independently
prognostic  of  DFS  in  patients  with  laryngeal  cancer.  As  the
RDW  is  readily  available,  additional  validation  and  feasibil-
ity  studies  are  warranted  to  determine  if  the  RDW  is  usually
prognostic  for  laryngeal  cancer.  As  the  RDW  is  a  routine
(inexpensive)  parameter,  it  may  serve  as  a  new,  accurate,
and  reproducible  means  of  identifying  early-stage  laryngeal
cancer  patients  with  poorer  prognoses.  When  planning  par-

tial  laryngectomy  in  the  presence  of  RDW  values  higher  than
14.4%,  it  has  to  be  kept  in  mind  that  these  patients  are  more
likely  to  develop  locoregional  recurrences  after  surgery.
However,  additional  prospective  studies  are  needed.
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The pre-treatment neutrophil-to-lymphocyte ratio, platelet-
to-lymphocyte ratio, and red cell distribution width predict
prognosis in patients with laryngeal carcinoma. Eur Arch Otorhi-
nolaryngol. 2017;274:535---42.

1. Bennett SH, Futrell JW, Roth JA, Hoye RC, Ketcham AS. Prog-
nostic significance of histologic host response in cancer of the
larynx or hypopharynx. Cancer. 1971;28:1255---65.

2. Eskiizmir G, Tanyeri Toker G, Celik O, Gunhan K, Tan A,
Ellidokuz H. Predictive and prognostic factors for patients
with locoregionally advanced laryngeal carcinoma treated with
surgical multimodality protocol. Eur Arch Otorhinolaryngol.
2017;274:1701---11.

3. You B, Gu M, Cao X, Li X, Shi S, Shan Y, et al. Clinical signifi-
cance of ADAM10 expression in laryngeal carcinoma. Oncol Lett.
2017;13:1353---9.

4. You Y, Yao H, You B, Li X, Ni H, Shi S, et al. Clinical significance
of HAX-1 expression in laryngeal carcinoma. Auris Nasus Larynx.
2015;42:299---304.

5. Wu  H, Xu H, Zhang S, Wang X, Zhu H, Zhang H, et al. Poten-
tial therapeutic target and independent prognostic marker
of TROP2 in laryngeal squamous cell carcinoma. Head Neck.
2013;35:1373---8.

6. Edge SB, Byrd DR, Compton CC, Fritz AG, Greene F, Trotti A.
American Joint Committee on Cancer Staging Manual. 7th ed.

New York: Springer; 2010. p. 117.

7. de Carvalho TM, Miguel Marin D, da Silva CA, de Souza AL,
Talamoni M, Lima CS, et al. Evaluation of patients with head
and neck cancer performing standard treatment in relation to

http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0180
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0185
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0190
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0195
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0200
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0205
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0210
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0215
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0220
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0225
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0230
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0235
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0240
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0245
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0250
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0255
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260
http://refhub.elsevier.com/S1808-8694(18)30093-4/sbref0260


3

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

64  

body composition, resting metabolic rate, and inflammatory
cytokines. Head Neck. 2015;37:97---102.

8. Campian JL, Sarai G, Ye X, Marur S, Grossman SA. Asso-
ciation between severe treatment-related lymphopenia and
progression-free survival in patients with newly diagnosed squa-
mous cell head and neck cancer. Head Neck. 2014;36:1747---53.

9. Rassouli A, Saliba J, Castano R, Hier M, Zeitouni AG. Sys-
temic inflammatory markers as independent prognosticators
of head and neck squamous cell carcinoma. Head Neck.
2015;37:103---10.

0. Kum RO, Ozcan M, Baklacı D. Elevated neutrophil-tolymphocyte
ratio in squamous cell carcinoma of larynx compared to benign
and precancerous laryngeal lesions. Asian Pac J Cancer Prev.
2014;15:7351---5.

1. Zeng Y-C, Chi F, Xing R, Xue M, Wu L-N, Tang M-Y, et al. Pre-
treatment neutrophil-to-lymphocyte ratio predicts prognosis
in patients with locoregionally advanced laryngeal carci-
noma treated with chemoradiotherapy. Jpn J Clin Oncol.
2016;46:126---31.

2. Demirkol S, Balta S, Cakar M, Unlu M, Arslan Z, Kucuk U. Red
cell distribution width: a novel inflammatory marker in clinical
practice. Cardiol J. 2013;20:209.
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