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Summary
Introduction.  —  The  clinical  impact  of  inflammatory  biomarkers  has  been  evaluated  in  urothe-
lial bladder  cancer.  However,  data  are  limited  to  preoperative  values  and  there  is  paucity  of
evidence of  the  role  of  postoperative  measurement  of  those  biomarkers.  The  aim  of  the  current
study was  to  determine  the  association  of  inflammatory  biomarkers  as  neutrophil-to-lymphocyte
ratio (NLR),  monocyte-to-lymphocyte  ratio  (MLR),  hemoglobin  to  platelet  ratio  (HPR)  and  C-
reactive protein  (CRP),  before  and  after  radical  cystectomy,  with  recurrence  and  survival  of
bladder cancer.
Material  and  methods.  —  We  prospectively  evaluated  134  patients  undergoing  radical  cystec-
tomy for  invasive  bladder  cancer  between  January  2013  and  January  2018.  The  inflammatory
biomarkers  were  measured  10  days  before  surgery  and  at  1,  6  and  12  months  postoperatively.
Kaplan—Meier  curves  and  Cox  proportional  hazards  and  logistic  regression  models  were  used  to
evaluate the  association  between  the  different  inflammatory  biomarkers  and  recurrence  free
survival (RFS),  cancer  specific  survival  (CSS)  and  overall  survival  (OS).
Results.  —  The  median  follow-up  time  was  21.1  months  (5—37  mo).  On  multivariate  analy-

sis, preoperative  NLR  >  3.88  was  associated  to  locally-advanced  disease  (>  pT3)  and  NLR  >  3.88
and HPR  <  0.039  were  significantly  associated  to  node  positive  disease.  Postoperative  NLR  at
3 months  >  4.68  (HR:  2.37,  95%  CI:  1.08—4.47,  P  =  0.03)  was  associated  with  a  reduced  RFS.  A
postoperative  NLR  at  3  months  >  4.68  (P  =  0.04)  and  a  postoperative  HPR  at  3  months  <  0.029
(P =  0.001)  were  associated  with  a  significant  reduction  in  CSS  and  OS.
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Conclusion.  —  Postoperative  NLR  and  HPR  at  3  months  appear  to  be  closely  associated  with
RFS, CSS  and  OS.  Further  studies  are  needed  on  these  postoperative  markers  to  establish  the
potential impact  of  these  inflammatory  biomarkers  on  a  tailored  therapeutic  approach  for  each
patient.
Level of  evidence.  —  3.
© 2019  Elsevier  Masson  SAS.  All  rights  reserved.
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Résumé
Introduction.  —  L’impact  clinique  de  marqueurs  de  l’inflammation  a  déjà  été  rapporté  pour
le cancer  de  la  vessie.  Cependant,  les  données  sont  limitées  aux  valeurs  préopératoires  et
il existe  peu  d’évaluation  du  rôle  de  la  mesure  postopératoire  de  ces  marqueurs  inflamma-
toires. Le  but  de  la  présente  étude  est  de  déterminer  l’association  des  marqueurs  tels  que
le rapport  neutrophiles/lymphocytes  (NLR),  le  rapport  monocytes/lymphocytes  (MLR),  le  rap-
port hémoglobine/plaquettes  (HPR)  et  la  protéine  C-réactive  (CRP)  avant  et  après  cystectomie
radicale  avec  la  récidive  et  la  survie  du  cancer  de  la  vessie.
Matériel  et  méthodes.  — Nous  avons  évalué  prospectivement  134  patients  opérés  d’une  cystec-
tomie radicale  pour  un  cancer  de  la  vessie  musculo-invasif  entre  janvier  2013  et  janvier  2018.
Les marqueurs  inflammatoires  ont  été  mesurés  10  jours  avant  la  chirurgie  et  à  1,  6  et  12  mois
après l’intervention.  Des  courbes  de  Kaplan—Meier  avec  les  modèles  de  régression  logistique  et
de risques  proportionnels  de  Cox  ont  été  utilisés  pour  évaluer  l’association  entre  les  différents
marqueurs  et  la  survie  sans  récidive  (SSR),  la  survie  spécifique  au  cancer  (SSC)  et  la  survie
globale (SG).
Résultats.  — Le  suivi  médian  a  été  de  21,1  mois  (5—37  mois).  En  analyse  multivariée,  un
NLR >  3,88  en  préopératoire  était  associé  à  une  maladie  localement  avancée  (>  pT3)  et  un
NLR >  3,88  et  HPR  <  0,039  étaient  associés  à  une  atteinte  ganglionnaire  (pN+).  Le  NLR  postopéra-
toire à  3  mois  >  4,68  (HR  :  2,37,  IC95  %  :  1,08—4,47,  p  =  0,03)  était  associé  à  une  réduction  de  la
SSR. Un  NLR  postopératoire  à  3  mois  >  4,68  (p  =  0,04)  et  un  HPR  postopératoire  à  3  mois  <  0,029
(p =  0,001)  étaient  associés  à  une  réduction  significative  de  la  SSC  et  de  la  SG.
Conclusion.  —  Le  NLR  et  le  HPR  postopératoires  à  3  mois  semblent  être  étroitement  associés  aux
risques de  RFS,  CSS  et  OS.  Des  études  complémentaires  sont  nécessaires  pour  établir  l’impact
potentiel  de  ces  marqueurs  de  l’inflammation  pour  une  approche  thérapeutique  adaptée  à
chaque patient.
Niveau  de  preuve.—  3.
©  2019  Elsevier  Masson  SAS.  Tous  droits  réservés.
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Introduction

Muscle  invasive  bladder  cancer  (MIBC)  is  a  highly  aggressive
malignancy  with  a  poor  prognosis  in  case  of  locally-advanced
disease  [1,2].  Despite  advances  in  chemotherapy  and  aggres-
sive  surgical  treatment,  MIBC-related  survival  remains  low
and  has  not  increased  in  recent  decades.  Though  strictly
dependent  on  stage,  overall  survival  (OS)  at  5  years  is
between  40%  and  60%,  and  cancer  specific  survival  (CSS)
varies  between  30  and  50%  [3].  Identifying  prognostic  factors
remains  necessary  in  order  to  establish  a  better  risk  strati-
fication  thus  allowing  a  better  tailored  treatment  for  each
patient.

Several  studies  have  evaluated  the  tumor-induced
inflammatory  reaction  and  its  association  to  tumor  aggres-

siveness  [4—6].  It  is  known  to  date  that  inflammation  plays
a  role  in  tumor  proliferation  and  that  its  biological  expres-
sion  might  lead  to  a  large  amount  of  significant  clinical
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nformation  particularly  in  relation  to  tumor  behavior  and
ggressiveness  in  addition  to  disease  prognosis.  The  efficacy
f  BCG  intravesical  therapy  and  the  current  revolution  of
mmunotherapy  by  checkpoint  inhibitors  [7]  in  bladder  can-
er  demonstrate  the  high  immune  dependence  of  urothelial
arcinoma,  opening  the  door  to  implementation  of  inflam-
atory  biomarkers.
Neutrophil-to-lymphocyte  ratio  (NLR),  monocyte-to-

ymphocyte  ratio  (MLR),  hemoglobin  to  platelet  ratio  (HPR)
nd  C-reactive  protein  (CRP)  are  easy-to-use,  readily  avail-
ble,  reproducible  and  inexpensive  biomarkers  [8—10].  They
ctually  summarize  numerically  the  response  arising  from
he  interaction  between  cancer  and  the  systemic  inflam-
atory  response  of  the  host:  the  amplification  of  the
ncrease  in  macrophages,  depression  of  cellular  acquired
mmunity  represented  by  induced  leukopenia  (Th2  >  Th1),
hrombocytosis  secondary  to  increased  neutrophils  and
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72  

L-6/IL-1  secreting  macrophages,  adding  to  anemia  resulting
rom  the  tumor-induced  chronic  inflammatory  state.

Several  studies  have  investigated  the  clinical  value  of
hese  biomarkers  in  bladder  cancer  [8—10].  The  majority
f  the  results  revealed  that  they  could  be  used  as  prog-
ostic  factors  in  retrospective  studies  [11,12],  although
ther  investigators  have  reported  contradictory  results  [10].
onetheless,  most  studies  to  date  have  focused  on  pre-
perative  concentration  of  biomarkers,  while  the  value  on
ostoperative  follow-up  is  unknown.

The  objective  of  our  study  was  to  determine  the  prog-
ostic  value  of  the  inflammatory  biomarkers  NLR,  LMR,  HPR

nd  CRP  in  the  preoperative  and  postoperative  follow-up,
n  order  to  assess  the  risk  of  recurrence  and  survival  after
ystectomy  for  muscle  invasive  bladder  cancer.
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igure 1. Study design.
S.  Albisinni  et  al.

aterial and methods

fter  institutional  review  board  approval  (Ethics  committee
eference  No.  P2018/254),  170  patients  undergoing  radical
ystectomy  for  muscle  invasive  bladder  cancer  or  high-risk
on-muscle  invasive  bladder  cancer  at  Erasme  hospital  and
ules-Bordet  Institute  (same  team),  between  January  2013
nd  January  2018  were  prospectively  evaluated  for  the
tudy.

Preoperative  data  were  collected  10  days  prior  to  radical
ystectomy.  For  patients  receiving  neoadjuvant  chemother-
py  (NAC)  (n  =  39),  we  also  collected  these  same  values

n  the  days  leading  up  to  the  first  course  of  treatment.
ostoperative  data  was  collected  during  patient  follow-up
t  1  month,  3  months,  6  months  and  1  year  postoperatively.



omes  273

Table  1  Pathological  features  of  the  cohort  (n  =  134).

Age (year) Median (IQR) 72 (64—77)
Mean ± SD 70 ± 10

≥ 65 98 (73%)
<  65 36 (27%)

Gender
M  110 (82%)
F  24 (18%)

BMI (kg/m2)
Median (IQR) 25.6 (22.3—29)
Mean ± SD 25.9 ± 5.14

≥ 25 72 (54%)
<  25 62 (46%)

Tobacco
No 36 (27%)
Active 54 (40%)
Former 45 (33%)

Charlson comorbidity index
Median (IQR) 6 (5—7)
Mean ± SD 6.49 ± 2.39
Neoadjuvant chemotherapy

Yes 39 (29%)
No 95 (71%)

pTa

pT0 9 (7%)
pTa 9 (7%)
pTis 4 (3%)
pT1 16 (12%)
pT2 37 (27%)
pT3 39 (29%)
pT4 20 (15%)

pNa

pNx 3 (2%)
pN0 99 (74%)
pN1 13 (10%)
pN2—pN3 19 (14%)

Lymphadenectomy Median (IQR) 17 (12—23)
Mean ± SDb 18.14 ± 9.12

< 10 23 (17%)
≥  10 111 (83%)

Histology
Urothelial pure 124 (94%)
Epidermoïd variant 2 (1%)
Sarcomatoïd variant 2 (1%)
Mixed 3 (2%)
Adenocarcinoma 2 (1%)
Plasmocytoïd variant 1 (1%)

Tumor grade
Low (I + II) 2 (2%)
High (III) 122 (91%)
Undetermined 10 (7%)

CIS associate
Yes 59 (44%)
No 75 (56%)

Surgical margins
Positive 3 (2%)
Negative 131 (98%)

Prostate adenocarcinoma
Yes 34 (25%)
Postoperative  inflammation  and  bladder  cell  carcinoma  outc

Patients  underwent  full  blood  workup  and  biomarkers  were
registered.  In  particular,  we  evaluated  NLR,  MLR,  HPR  and
CRP  levels.  NLR  was  calculated  by  dividing  the  absolute
neutrophil  count  (103/�L)  by  the  number  of  absolute  lym-
phocytes  (103/�L),  LMR  was  calculated  by  dividing  the
number  of  absolute  neutrophils  by  the  number  of  absolute
monocytes  and  finally  HPR  by  dividing  the  hemoglobin  level
(in  g/L)  by  the  number  of  platelets  (in  106/L).

The  date  of  treatment  initiation  for  each  patient  was
defined  as  the  actual  date  of  RC.  A  junior  urologist  recorded
patients’  demographics  and  Charlson  comorbidity  index.
When  analyzing  biomarkers  on  follow-up  after  surgery,
values  were  not  considered  if  patients  presented  a late
complication,  in  particular  urinary  infection.

All  patients  underwent  RC  with  bilateral  lymph  node
dissection.  Thirty-nine  patients  who  received  neoadju-
vant  chemotherapy  had  between  2  and  4  cycles  of
gemcitabine—cisplatin  based  treatment  depending  on  tol-
erance  and  efficacy,  which  was  evaluated  after  2  cycles.  For
postoperative  follow-up,  patients  were  followed  at  4  weeks
after  RC,  then  every  3  months  during  the  first  year,  every
6  months  in  the  second  year  and  yearly  thereafter.  Follow-up
consisted  on  a  complete  physical  examination,  blood  workup
and  a  thoraco-abdomino-pelvic  CT  scan.

Statistical  analysis:  uni-  and  multivariate  logistic  regres-
sions  were  performed  to  assess  an  association  between
preoperative  biomarkers  (NLR,  MLR,  HPR,  CRP)  and  locally-
advanced  disease  (pT3/4),  node  positive  disease  (pN+).
Multivariate  analyses  were  adjusted  to  age,  gender,  smok-
ing  status  (none,  active  or  ex-smoker),  kidney  function
(measured  as  CKD-EPI)  and  neoadjuvant  therapy.  Uni-  and
multivariate  Cox  regressions  were  calculated  to  estimate
the  relationship  between  these  variables  and  the  RFS,  CSS,
and  OS  post-RC.  Significant  factors  on  univariate  analyses
were  incorporated  in  a  multivariate  model  to  test  inflam-
matory  biomarkers.  Kaplan-Meier  curves  were  constructed
to  evaluate  the  effect  of  previously  significant  variables  on
RFS,  CSS  and  OS.  Log-rank  tests  were  used  to  assess  differ-
ence  across  groups.  Biomarkers  were  categorized  in  <  75th
percentile  vs.  >  75  percentile  for  NLR  and  CRP  and  in  <  25th
percentile  vs.  >  25th  percentile  for  MLR  and  HPR.  We  also
investigated  the  potential  effect  of  these  different  inflam-
matory  biomarkers  (CRP,  NLR,  MLR,  and  HPR)  as  a  predictor
of  a  NAC  response.  This  response  has  been  defined  as  a
‘‘down-staging’’,  that  is,  the  transition  from  a  pre-NAC  pT2
tumor  stage  to  a  post  NAC  pT0  or  pTis  tumor  stage.  This
relationship  was  analyzed  through  the  implementation  of
uni-  and  multivariate  logistic  regressions.  All  analyses  and
graphics  were  performed  using  the  Stata  software  version
12.  A  two-sided  P  <  0.05  defined  statistical  significance.

Results

After  exclusion  of  36  patients  (Fig.  1)  due  to  non-eligibility,
134  patients  were  available  for  analysis.  General  charac-
teristics  of  the  cohort  are  illustrated  in  Table  1.  The  median

follow-up  time  was  21.1  months  (5—36.8).  Forty-six  patients
(32%)  had  a  recurrence  within  a  median  duration  of  6  months
(2—14.5).  Thirty-six  patients  died  of  bladder  cancer  and  46
patients  died  of  any  cause  during  the  available  follow-up.

No 100 (75%)
a TNM staging system.
b Standard deviation.
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Table  2  Cohort  preoperative  inflammatory  biomarkers.

Cohort  (n  =  134)  Cohort  without  NAC  (n  =  95)  P-value

Creatinine  (mg/dL)
Median  (IQR)  1.00  (0.90—1.20)  1.07  (0.9—1.28)  0.70
Mean  ±  SD  1.25  ±  1.83  1.33  ±  2.15

CKD-EPI  (mL/min/1.73  m2)
Median  (IQR)  64  (53.75—77)  64  (52—70)  0.36
Mean  ±  SD 65.63  ±  19.68 63.30  ±  18.71

CRP  (mg/L)
Median  (IQR) 4.15  (1.80—9.15) 4.70  (2.15—10.45) 0.19
Mean  ±  SD  10.74  ±  18.55  11.90  ±  18.58

Neutrophil  count  (×103/�L)
Median  (IQR)  4.80  (3.60—5.90)  5.12  (4.05—6.16)  0.11
Mean  ±  SD  5.10  ±  2.53  5.53  ±  2.46

Lymphocyte  count  (×103/�L)
Median  (IQR)  1.65  (1.19—2.00)  1.62  (1.17—1.98)  0.77
Mean  ±  SD  1.73  ±  0.78  1.70  ±  0.79

Monocyte  count  (×103/�L)
Median  (IQR)  0.70  (0.52—0.83)  0.70  (0.50—0.80)  0.45
Mean  ±  SD  0.74  ±  0.28  0.70  ±  0.23

Haemoglobin  (g/dL)
Median  (IQR)  13  (11.03—14.10)  13.30  (11.50—14.50)  0.21
Mean  ±  SD  12.66  ±  1.97  12.96  ±  2.06

Platelets  (×103/�L)
Median  (IQR)  244  (194—299)  251  (196—304)  0.76
Mean  ±  SD  264.11  ±  102.66  268.38  ±  108.30

NLR
Median  (IQR)  3  (1.86—3.88)  3.24  (2.49—4.11)  0.12
Mean  ±  SD  3.89  ±  4.57  4.26  ±  4.52

HPR
Median  (IQR)  0.05  (0.04—0.07)  0.06  (0.04—0.07)  0.60
Mean  ±  SD  0.06  ±  0.03  0.06  ±  0.03

LMR
Median  (IQR)  2.34  (1.69—3.02)  2.33  (1.71—3.10)  0.79
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Mean  ±  SD  2.53  ±  1.29  

Biomarker  concentrations  are  shown  in  Tables  2 (preoper-
tive)  and  3  (postoperative).  No  significant  difference  across
atient  having  received  neoadjuvant  chemotherapy  and
hose  who  underwent  immediate  cystectomy  was  observed
all  P  >  0.05).

Concerning  the  impact  of  inflammatory  biomarkers
n  the  prediction  of  locally-advanced  disease  and  pos-
tive  lymph  nodes,  on  univariate  logistic  regressions
Table  4),  preoperative  CRP  ≥  9.1,  CKD-EPI  ≤  60,  preop-
rative  NLR  ≥  3.88  and  preoperative  HPR  ≤  0.039  were
ignificantly  associated  to  locally-advanced  bladder  can-
er  (≥  pT3)  and  nodal  invasion  (pN+).  On  multivariate
nalysis,  only  preoperative  NLR  >  3.88  was  associated  to
ocally-advanced  disease  and  NLR  and  HPR  were  significant
redictors  of  node  positive  disease.

Regarding  recurrence  free  survival  (RFS)  (Table  5),  an
levated  CRP  >  9.1  (HR  2.34,  95%  CI:  1.21—4.53,  P  =  0.01)
s  well  as  an  increased  NLR  >  4.68  at  3  months  (HR:
.37,  95%  CI:  1.08—4.47,  P  =  0.03)  were  both  significantly

ssociated  to  recurrence  on  multivariate  Cox  regres-
ions,  corrected  for  pT.  Nodal  status  was  not  included
n  the  multivariate  model  due  to  elevated  collinear-
ty  with  pT  stage  ≥  pT3  (Spearman’s  � =  0.44,  P  <  0.001).

P
a
a
a

2.60  ±  1.36

aplan—Meier  curves  illustrate  the  impact  of  preopera-
ive  CPR  and  NLR  values  3  months  after  surgery  on  RFS
Fig.  2).

Analyzing  risk  factors  for  CSS  (Table  6)  CRP  >  9.1,  pre-
perative  NLR  >  3.88,  preoperative  HPR  <  0.039,  NLR  at

 months  >  4.68,  HPR  at  3  months  <  0.029  and  finally  MLR  at
 months  <  1.74  appear  to  be  associated  to  CSS  on  univariate
nalysis  (Fig.  3).  On  multivariate  analysis  NLR  at  3  months
HR:  2.94;  95%  CI:  1.15—9.16;  P  =  0.05)  as  well  as  HPR  at  3
onths  (HR:  3.22;  95%  CI:  1.41—7.33;  P  =  0.005)  were  signi-
cantly  associated  to  CSS.

Finally,  46  deaths  due  to  all  causes  were  recorded  on
vailable  follow-up.  Analyses  exploring  risk  factors  for  OS
Table  7) confirmed  that  preoperative  HPR  <  0.039,  NLR
t  3  months  > 4.68,  HPR  at  3  months  <  0.029  and  MRL  at

 months  <  1.74  were  all  significantly  associated  to  survival
n  univariate  analysis.  However,  as  for  CSS,  only  NLR  at

 months  >  4.68  (HR:  2.91;  95%  CI:  1.06—7.94,  P  =  0.04)  and
PR  at  3  months  <  0.029  (HR:  3.66;  95%  CI:  1.77—7.56,
 =  0.001)  remained  significantly  associated  on  multivariate
nalysis.  Kaplan—Meier  curves  (Fig.  4)  illustrate  the  associ-
tion  between  NLR  and  HPR  values  at  3  months  after  surgery
nd  OS.
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Table  3  Postoperative  inflammatory  biomarkers.

Cohort  (n  =  134)  Cohort  without
NAC  (n  =  95)

P-value

Neutrophil  count
(×103/�L)  to
1  month

Median  (IQR)  5.40  (3.70—7.90)  5.99  (3.89—8.22)  0.12
Mean  ±  SD  6.23  ±  3.62  6.41  ±  2.57

Lymphocyte
count  (×103/�L)
to  1  month

Median  (IQR)  1.50  (1.10—1.90)  1.51  (1.08—1.93)  0.85
Mean  ±  SD  1.64  ±  0.76  1.63  ±  0.76

Monocyte  count
(×103/�L)  to
1  month

Median  (IQR) 0.70  (0.53—0.90) 0.70  (0.57—0.90) 0.54
Mean  ±  SD  0.75  ±  0.32  0.76  ±  0.30

Haemoglobin
(g/dL)  to  1  month

Median  (IQR)  10.35
(9.40—11.50)

10.35
(9.30—11.50)

0.25

Mean  ±  SD  10.46  ±  1.38  10.35  ±  1.43
Platelets
(×103/�L)  to
1  month

Median  (IQR)  369.50
(277.00—479.30)

402
(318.8—495.50)

0.76

Mean  ±  SD  388.00  ±  162.67  419.14  ±  158.60
NLR  Median  (IQR)
Mean  ±  SD

1 month  3.43  (2.46—5.58)
4.70  ±  3.99

3.45  (2.70—5.66)
5.06  ±  4.46

0.17

3  month  2.85  (2.05—4.68)
4.95  ±  10.05

3.09  (1.99—5.19)
5.71  ±  11.75

1  year 2.83  (2.23—4.62)
4.02  ±  3.72

3.09  (2.32—4.86)
4.50  ±  4.27

HPR  Median  (IQR)
Mean  ±  SD

1 month  0.03  (0.02—0.04)
0.03  ±  0.02

0.03  (0.02—0.03)
0.03  ±  0.02

0.87

3  month  0.04  (0.03—0.06)
0.05  ±  0.03

0.04  (0.03—0.05)
0.05  ±  0.03

1  year  0.06  (0.04—0.07)
0.06  ±  0.02

0.06  (0.04—0.07)
0.05  ±  0.02

LMR  Median  (IQR)
Mean  ±  SD

1 month  2.22  (1.57—2.91)
2.63  ±  2.49

2.20  (1.48—2.86)
2.62  ±  2.79

0.76

3  month  2.51  (1.74—3.50)
2.88  ±  1.87

2.50  (1.56—3.82)
2.88  ±  2.03

1  year  2.51  (1.66—3.40) 2.47  (1.59—3.08)

a

2.86  ±  2.34

Discussion
Systemic  inflammation  plays  a  major  role  in  tumor  develop-
ment  and  progression.  In  fact,  cancer  can  be  compared  to
a  chronic  inflammatory  disease  where  the  cancer  cells  are

t
i

d

2.80  ±  2.68

ble  to  modulate  the  innate  and  acquired  immune  responses

o  induce  a  microenvironment  favorable  to  its  growth  and
nvasion  [4].

Bladder  cancer  is  highly  immune-modulated,  as
emonstrated  by  the  impressive  results  of  modern
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Table  4  Uni-  and  multivariate  logistic  regression  predicting  locally-advanced  disease  (≥  pT3)  and  node  positive  disease
(pN+).

Prediciting  ≥  pT3  disease  Univariate  Multivariate

OR  (95%  CI)  P-value  OR  (C95%  CI)  P-value

Age  ≥  77  0.93  (0.45—1.95)  0.85
Gender  0.92  (0.37—2.22)  0.84
Active  smoking  0.37  (0.15—0.9)  0.03  0.56  (0.23—1.37)  0.88
Former  smoking  0.43  (0.17—1.09)  0.07
Neoadjuvant  chemotherapy  0.8  (0.62—1.04)  0.1
CRP  preoperative  ≥  9.1 2.23  (1.01—4.94) 0.05 1.81  (0.75—4.36)  0.18
CKD-EPI  ≥  60 0.43  (0.20—0.89) 0.02 0.49 (0.22—1.09) 0.08
NLR  preoperative  ≥  3.88 4.40  (1.88—10.29) 0.001 3.23 (1.3—8.01) 0.01
HPR  preoperative  ≤  0.039  2.46  (1.05—5.72)  0.04  1.60  (0.61—4.20)  0.34
LMR  preoperative  ≤  1.69  2.09  (0.94—4.64)  0.07

Predicting  pN+  disease  Univariate  Multivariate

OR  (95%  CI)  P-value  OR  (95%  CI)  P-value

Age  ≥  77  0.99  (0.42—2.34)  0.99
Gender  1.24  (0.42—3.63)  0.70
Active  smoking 0.64  (0.24—1.71) 0.38
Former  smoking 0.84  (0.31—2.26)  0.73
Neoadjuvant  chemotherapy 0.89  (0.66—1.21) 0.47
CRP  ≥  9.1 2.18  (0.93—5.14)  0.07
CKD-EPI  ≥  60 0.38  (0.17—0.86) 0.02 0.47  (0.19—1.15)  0.10
NLR  preoperative  ≥  3.88 3.55  (1.50—8.45) 0.004 2.81 (1.11—7.12)  0.03
HPR  preoperative  ≤  0.039 4.51  (1.86—10.96) 0.004 3.68 (1.40—9.68) 0.008
LMR  preoperative  ≤  1.69 1.31  (0.53—3.23)  0.55
NLR  3M  4.68 2.05  (0.75—5.62) 0.16
HPR  3M  0.029 2.82  (1.04—7.69) 0.04 2.82 (1.04—7.69)  0.04
LMR  3M  1.74 1.57  (0.57—4.35) 0.39

i
o
l
a

In bold are statistically significant associations.
mmunotherapies  in  metastatic  patients  [13]. Given
ur  current  inability  to  adequately  stratify  patients  and  tai-
or  adjuvant  therapies  after  radical  cystectomy,  biomarkers
re  urgently  demanded  in  this  setting.  Indeed,  at  times  the

a
b
a
p

Table  5  Cox  regression  for  recurrence  free  survival.

Univariate  

HR  (95%  CI)  

Neoadjuvant  chemotherapy  0.55  (0.26—1.15)  

≥  pT3  6.15  (1.6—9.78)  

pN+  5.05  (2.65—9.63)  

Lymphadenectomy  ≥  10  1.08  (0.45—2.58)  

Surgical  margin 4.22  (1.01—17.92)  

CRP  ≥  9.1 2.77  (1.51—5.08)
Creatinine  1.83  (0.89—3.76)  

CKD-EPI  ≥  60  0.78  (0.41—1.49)  

NLR  preoperative
≥  3.88

2.12 (1.12—4)  

HPR  preoperative
≤  0.039

1.95 (0.85—3.23)  

LMR  preoperative
≤  1.69

1.19 (0.61—2.33)  
nswer  is  easier  than  what  we  believe:  as  such,  a  simple
lood  test  analyzing  neutrophils,  lymphocytes,  hemoglobin
nd  platelet  levels  could  be  a  major  help  in  identifying
atients  at  risk  or  recurrence  and  lethal  disease,  requiring

Multivariate

P-value  HR  (95%  CI)  P-value

0.11
0.0001  5.23  (2.49—11.09)  <  0.0001
0.0001
0.86
0.05
0.001  2.34  (1.21—4.53)  0.01
0.10
0.45
0.02  1.51  (0.78—2.92)  0.22

0.05  1.05  (0.50—2.22)  0.90

0.26
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Table  5  (Continued)

Univariate  Multivariate

HR  (95%  CI)  P-value  HR  (95%  CI)  P-value

NLR  postoperative  1  month
≥ 5.58

1.82  (0.96—3.46)  0.07

NLR  postoperative  3  months
≥ 4.68

2.46  (1.19—508)  0.02  2.37  (1.08—4.74)  0.03

HPR  postoperative  1  month
≤ 0.021

1.45  (0.75—2.77)  0.27

HPR  postoperative  3  months
≤ 0.029

1.81  (0.89—3.69) 0.10

LMR  postoperative  1  month
≤  1.57

1.47  (0.75—2.87)  0.26

LMR  postoperative  3  months
≤  1.74

2.13  (1.06—4.28)  0.03  1.85  (0.89—6.22)  0.09

Bold: statistically significant.
Figure 2. Recurrence free survival according to inflammatory markers
.
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igure 3. Cancer specific survival according to inflammatory
arkers.

ggressive  adjuvant  therapy.  In  metastatic  kidney  cancer,
bsolute  laboratory  values  of  hemoglobin  and  platelets  [14]
re  currently  being  considered  in  risk  calculators  and  help
n  determining  the  best  clinical  pathway  for  patients.

Of  course,  ideally  it  would  be  best  to  stratify  patient
efore  major  abdominal  surgery.  Nonetheless,  it  is  clear
hat  pTNM  staging,  obtained  after  specimen  removal,  is  and
ill  most  probably  remain  the  most  significant  predictor  of
ncologic  outcomes.  As  such,  it  would  be  logic  to  wait  the
ostoperative  phase  to  stratify  our  patients,  once  the  TNM
taging  is  available.  In  this  context,  although  multiple  stud-
es  have  demonstrated  a  strong  association  of  inflammatory
iomarkers  as  NLR  to  bladder  cancer  outcomes,  there  is  a
rue  paucity  of  data  on  the  postoperative  concentrations.
oreover,  before  major  abdominal  surgery  as  cystectomy  for
ancer,  multiple  confounding  factors  (stress,  insomnia,  uri-
ary  bleeding)  could  potentially  alter  these  results,  while
t  1—3  months  after  surgery,  one  could  speculate  that  such
onfounders  are  probably  less  significant.  Therefore,  taking
nto  account  the  burden  of  surgery  adding  to  its  potential
omplications,  as  well  as  the  relatively  vast  literature  on
reoperative  inflammatory  biomarkers  in  bladder  cancer,  we

ocused  on  the  evaluation  of  potential  prognostic  biomarkers
n  both  preoperative  and  most  of  all  postoperative  settings
or  radical  cystectomy.

t
p
o

igure 4. Overall survival according to inflammatory markers.

First,  we  observed  that  the  preoperative  NLR  was  asso-
iated  with  a  pT3—4  stage  and  a  pN  +  status,  and  that
reoperative  HPR  was  associated  to  node  positive  dis-
ase.  Second,  we  explored  risk  factors  for  strong  oncologic
utcomes  as  RFS,  CSS  and  OS.  Preoperative  CRP  and  postop-
rative  NLR  at  3  months  were  associated  with  a  significant
eduction  in  RFS.  Furthermore,  postoperative  NLR  and  HPR
t  3  months  were  associated  with  a reduction  in  both  CSS
nd  OS.

These  results  were  indeed  in  line  with  those  found  in  the
iterature.  In  fact,  two  large  meta-analyses  reported  that  a
igh  preoperative  NLR  was  associated  with  a  pT3—4  stage,

 pN+,  as  well  as  reductions  in  CSS  and  OS  after  radical
ystectomy  [12,15].  For  preoperative  HPR,  there  is  less
ata.  La  Croce  et  al.  have  demonstrated  that  this  ratio  can
e  a  strong  prognostic  factor  for  OS  and  CSS  after  surgery
16]. Tang  et  al.  also  evaluated  HPR  in  the  setting  of  high-
rade  NMIBC  (pT1G3)  and  concluded  that  it  represented  a
owerful  predictor  with  a  strong  association  with  both  RFS
nd  OS  [8].  However,  these  results  should  be  interpreted
ith  caution  as  several  studies  have  also  highlighted  the
bsence  of  correlation  between  preoperative  NLR  and

he  ‘‘outcomes’’  related  to  bladder  cancer  after  surgery,
ointing  in  particular  to  a  lack  of  precision  in  the  method-
logies  used  and  the  lack  of  specificity  of  these  markers
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Table  6  Cox  regression  for  cancer  specific  survival  (CSS).

Univariate  Multivariate

HR  (95%  CI)  P-value  HR  (95%  CI)  P-value

Age  0.78  (0.37—1.67)  0.52
Gender  1.00  (0.44—2.30)  0.99
BMI  ≥  30  0.38  (0.12—1.26)  0.11
Charlson  comorbidity  index  ≥  8  1.15  (0.56—2.35)  0.70
Clavien  ≥  2  1.50  (0.76—2.87)  0.25
Neoadjuvant  chemotherapy  0.35  (0.06—0.91)  0.03  0.53  (0.19—1.45)  0.12
Adjuvant  chemotherapy  2.34  (1.2—4.55)  0.01
≥  pT3 8.75  (3.61—21.19) < 0.0001 8.01  (3.12—20.59)  <  0.0001
pN+  5.18  (2.65—10.12) < 0.0001
Lymphadenectomy  ≥  10  0.57  (0.26—1.26)  0.16
CRP  ≥  9.1  2.08  (1.05—4.15)  0.04  1.41  (0.64—3.11)  0.40
Creatinine  1.12  (1.02—1.24)  0.07
CKD-EPI  ≥  60  0.74  (0.36—1.5)  0.41
NLR  preoperative

≥  3.88
2.09 (1.02—4.26)  0.04  1.16  (0.55—2.43)  0.70

HPR  preoperative
≤  0.039

2.16 (1.08—4.36) 0.03  1.57  (0.69—3.60)  0.29

LMR  preoperative
≤  1.69

1.20 (0.43—2.12) 0.91

NLR  1  month
≥ 5.58

1.9 (0.94—3.82)  0.07

NLR  3  months
≥ 4.68

3.79 (1.81—7.94)  <  0.0001  2.94  (1.15—9.16)  0.05

HPR  1  month
≤ 0.021

1.88 (0.94—3.79)  0.07

HPR  3  months
≤ 0.029

3.05 (1.45—6.40)  0.003  3.22  (1.41—7.33)  0.005

LMR  1  month
≤ 1.57

1.68 (0.82—3.42)  0.16

LMR  3  months
≤ 1.74

2.17 (1.40—4.15)  0.03  1.75  (0.62—4.94)  0.29

Bold: statistically significant.

m
[

[10,17].  With  respect  to  preoperative  CRP,  our  findings
were  consistent  with  the  study  done  by  Lepara  et  al.,  which

found  a  significant  relationship  with  CSS,  RFS,  and  OS  [18].

As  discussed,  few  studies  tackled  postoperative  NLR.  Two
retrospective  studies  reported  that  NLR  at  three  or  four

p

F

Table  7  Cox  regression  analyzing  predictors  of  overall  surviva

Univariate  

HR  (95%  CI)  

Age  1.21  (0.66—2.21)  

Gender  1.02  (0.49—2.12)  

Neoadjuvant  chemotherapy  0.30  (0.10—0.72)  

Adjuvant  chemotherapy  1.66  (0.91—3.03)  

Charlson  comorbidity  index  ≥  8  1.91  (1.06—3.42)  

Clavien  ≥  2  1.58  (0.89—2.82)  

BMI  ≥  30  0.62  (0.26—1.46)  

≥  pT3  6.89  (3.39—14)  

pN+  3.72  (2.07—6.67)  
onths  post-RC  was  significantly  associated  with  CSS  and  OS
19,20].  However,  we  could  not  identify  any  study  evaluating

ostoperative  HPR.

Several  implications  sprout  from  the  presented  results.
irst,  the  absence  of  data  on  inflammatory  markers  after

l  (OS).

Multivariate

P-value  HR  (C95%  CI)  P-value

0.55
0.96
0.006  0.39  (0.02—0.95)a 0.04
0.098
0.03
0.12
0.27
<  0.0001  6.63  (3.04—14.44)b <  0.0001
<  0.0001
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Table  7  (Continued)

Univariate  Multivariate

HR  (95%  CI)  P-value  HR  (C95%  CI)  P-value

Lymphadenectomy
≥  10

0.79 (0.37—1.7)  0.54

CRP  ≥  9.1  2.15  (1.18—3.93)  0.01  1.38  (0.69—2.76)  0.36
NLR  preoperative

≥  3.88
2.46 (1.33—4.55)  0.004  1.42  (0.75—2.68)  0.29

HPR  preoperative
≤  0.039

2.06 (1.11—3.83) 0.02  1.57  (0.76—3.25) 0.22

LMR  preoperative
≤  1.69

1.28 (0.67—2.45)  0.45

NLR  1  month
≥ 5.58

1.58 (0.83—3.04)  0.17

NLR  3  months
≥ 4.68

3.81 (2.00—7.26)  <  0.0001  2.91  (1.06—7.94)  0.04

HPR  1  month
≤ 0.021

1.77 (0.93—3.36)  0.08

HPR  3  months
≤ 0.029

3.41 (1.77—6.57)  <  0.0001  3.66  (1.77—7.56)  0.001

LMR  1  month
≤ 1.57

1.59 (0.83—3.06)  0.16

LMR  3  months
≤ 1.74

2.15 (1.08—4.26)  0.02  1.84  (0.74—4.59)  0.19

Bold: statistically significant.
a Preoperative values.
b Postoperative values.
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urgery,  which  were  rarely  taken  into  consideration  in  the
urrently  published  literature.  In  the  current  study  postop-
rative  NLR  and  HPR  at  3  months  proved  to  be  statistically
ore  tightly  associated  to  patient  survival  than  preoperative

evels.  By  extrapolation,  these  results  could  suggest  that
atients  with  an  increased  postoperative  NLR  at  3 months
nd/or  decreased  postoperative  HPR  at  3  months,  could  be
t  increased  risk  of  tumor  progression,  thus  should  bene-
t  from  closer  monitoring.  Moreover,  this  finding  opens  the
oor  to  possible  implications  for  patient  selection  for  adju-
ant  therapy.  Of  note,  subanalysis  of  the  S-TRAC  study  [21]
or  adjuvant  immunotherapy  in  high-risk  renal  cancer  found
hat  NLR  was  predictive  of  response  to  adjuvant  treatment.

Limitations  of  this  study  include  the  limited  number
f  study  participants  and  a  relatively  short  follow-up.
oreover,  despite  adopting  a  well-defined  methodology,

nflammatory  biomarkers  present  a  lack  of  specificity  due
o  the  infinite  confounding  factors  which  could  potentially
ias  their  concentrations,  and  which  cannot  be  all  taken  into
onsideration  when  analyzing  these  biomarkers.

onclusion
n  this  single  center  prospective  study,  postoperative  NLR
nd  HPR  at  3  months  after  cystectomy  were  significantly
ssociated  to  RFS,  CSS  and  OS  for  bladder  cancer.  Larger
tudies  are  required  to  confirm  our  findings  and  evaluate
he  impact  of  inflammatory  biomarkers  on  bladder  cancer
utcomes  and  adjuvant  therapy.
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