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ABSTRACT 

 

Prognostic role of survivin in bladder cancer: 

systematic review and meta-analysis

Chanhoo Jeon 

Student Number: 2013-21699 

Urology, Department of Medicine, Seoul national university 

 

Objective: The ob jective  o f the present s tudy w as to conduct a 

sys tem atic  rev iew  and m eta-ana lys is  o f pub lished lite ra ture  investigating 

the  surv iv in  express ion  and its  effects on  b ladder cancer prognosis.

Materials & Methods: W e carefu lly searched on line  Pubm ed, C ochrane 

L ib rary  and SC O PU S database from  A ugust 1997 to M ay 2013.

Results: A to ta l of 14 artic les m et the  e lig ib ility  crite ria  fo r th is 

sys tem atic rev iew . The e lig ib le  s tud ies  inc luded a tota l of 2 ,165 patients 

w ith  a  m ed ian num ber o f 155 pa tien ts per s tudy (range: 17-726). O f the 14 

s tud ies, n ine eva lua ted im m unoh istochem istry  in  fo rm alin -fixed paraffin -

em bedded tissue b locks . In non-m usc le invas ive  b ladder tum or, the poo led 

hazard ratio  (H R ) w as s ta tistica lly  s ign ifican t for recurrence-free surv iva l 

(poo led  H R , 1.81 ; 95%  confidence inte rva l [C I], 1 .30-2 .52), p rogress ion-

free  surv iva l (poo led  H R , 2 .12 ; 95%  C I, 1 .60-2 .82), cancer-specific  surv iva l 

(poo led  H R , 2 .01; 95%  C I, 1.32-3.06), and overa ll surv iva l (poo led  H R , 1.53 ; 

95%  C I, 1.02-2.29). These estim ates o f the overa ll H R s by surv iv in s tatus 
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w ere robust across advanced stages. W hen on ly  ad justed  surv iva l da ta 

w ere  inc luded, s ta tis tica lly  s ign ifican t d iffe rences w ere identified for a ll 

surv iva l subgroup ana lyses. There w as no between-study heterogene ity in  

the  e ffect o f surv iv in  status on  the  m ajority  of m eta-ana lyses. There w as no 

c lear ev idence o f pub lica tion  b ias in  th is  m eta-analys is .

Conclusion: O ur m eta -ana lys is  has y ie lded sign ifican t associa tion 

be tw een surv iv in express ion  and b ladder cancer p rognosis . H ow ever, it is  

ra ther necessary tha t be tter des igned stud ies need to  prov ide  a  be tte r 

conclus ion  about the re la tionsh ip  be tw een surv iv in  express ion  and the  

outcom e o f patien ts  w ith b ladder cancer.

----------------------------------------------------------------------------------------------------
--
Keywords: B ladder cancer, surv iv in , m eta-ana lys is , prognosis               
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. Introduction 

 

B ladder cancer is  the  second m ost com m on cancer aris ing in  the 

gen itourinary tract [1 ], and is  characterized by its  variab le  prognosis . In  

about 70%  of patien ts w ith  non-m uscle invas ive  b ladder cancer, tum ors 

recur and som e of these patien ts w ill eventua lly  show  progression tow ards 

m uscle  invas ive cancer. Tum ors tha t a re m uscle  invas ive  have a  h igh risk 

o f p rogress ion , desp ite rad ica l cystectom y and o ther treatm ents. O ne of 

im portant focuses in b ladder cancer research is  the pred iction  of tum or 

recurrence and tum or progress ion. C onventiona l p rognostic  factors , like 

tum or stage and grade, do  not accurate ly  pred ict the  c lin ica l ou tcom e o f 

m any patients w ith  b ladder cancer, because o f the  inherent heterogene ity 

o f tum or b io logy and patien t characteristics . A dd itiona l e ffective b iom arkers 

are  requ ired for exp la in ing  variab ility  o f outcom e in  patien ts w ith b ladder 

cancer.  

The ab ility  of m o lecu lar m arkers to p red ict recurrence and progress ion 

o f the  d isease, response to  trea tm ent, and surviva l has been investiga ted  

in tens ive ly  over the last decades. A lthough num erous potentia l b ladder 

tum or m arkers have been identified, the ir s ign ificance rem ains controversia l. 

Surv iv in  has been recently  described as the sm allest, structura lly un ique 

m em ber o f the  ‘inh ib ito r o f apoptos is ’ fam ily  [2]. As com pared w ith norm al 

d iffe rentia ted adu lt tissues, surv iv in  is  frequently overexpressed in  tum ors 

[3 ]. Functiona lly , surv iv in  d isp lays regu la to ry  functions fo r contro l of ce ll 
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d iv is ion  and inh ib ition  o f apoptos is , induces ang iogenesis , and p lays a 

p ivo ta l ro le  in  cancer p rogress ion  [4 ]. B ecause o f th is  upregu la tion  in 

m alignancy and its functiona l invo lvem ent in  apoptos is, as w e ll as 

pro life ra tion, surv iv in  is a ttracting  considerab le in te rest as a  potentia l 

cancer b iom arker [5 ]. G enera lly , h igh  surv iv in  m R N A or p rote in  express ion 

is  corre la ted  w ith  aggress ive  behavior of tum or ce lls , and surv iv in 

express ion has been estab lished as a prognostic  factor in  severa l tum or 

types [6 -8]. 

Thus, in  uro the lia l carc inom a of the  urinary b ladder, surv iv in  has been 

suggested as a  prom is ing  b iom arker fo r cancer prognosis . Surv iv in  

express ion has been reported to be ind ica tor o f poor prognosis in  b ladder 

cancer, w hereas som e other stud ies d id  not show  the sam e resu lts . 

Because reports  about its  p rognostic  s ign ificance in  b ladder cancer are  

com parative ly  few , the  com bination  of these data  to reach a  reasonab le

conclus ion  is  fa irly  necessary at p resent. The ob jective  o f the  present study 

w as to  conduct a  system atic  rev iew  and m eta-ana lys is  of pub lished 

lite ra ture investigating  the  surv iv in  express ion  and its  effects  on  b ladder 

cancer prognosis . W e a lso  a im ed to assess the  qua lity  o f pub lished stud ies. 
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. Materials and Methods 

 

1. Search strategy and selection criteria 

W e carefu lly  searched on line  Pubm ed, C ochrane L ib rary and SC O PU S 

database. S ince the firs t surv iv in artic le  w as pub lished in  1997, w e 

searched lite ratures published from  August 1997 to M ay 2013, to identify 

re levant stud ies by com bin ing  the  keyw ords [surv iv in ] A N D  [urinary b ladder 

neop lasm s] O R  [urinary AN D  b ladder AN D  neop lasm s] O R  [b ladder AN D 

cancer] O R [b ladder cancer]. To be e lig ib le  fo r our m eta-ana lys is, s tud ies 

had to  be E ng lish-language pub lished docum ents dea ling  w ith  

h is topatho log ica lly  confirm ed b ladder cancer at the  tim e o f study inc lus ion .

The inc lus ion  criteria  for our system atic rev iew  w ere , as fo llow s: (i) 

a rtic les w ere pub lished in  Eng lish  in  the  period ica l lite ra ture; (ii) the 

h is to log ic  type of the  tum ors w as urothe lia l ca rc inom a; (iii) express ion  o f 

the  surv iv in  w as eva luated in  tissues or u rines; (iv ) the associa tion be tw een 

surv iv in  express ion  leve ls  and surv iva l ou tcom e w as investiga ted; and (v) 

the  au thors offered  the  s ize  o f the  sam ple , hazard ra tios (H R s) and the ir 95%  

confidence inte rva ls (C Is) or other in form ation  tha t cou ld  he lp in fe r the 

surv iva l resu lts  in  the paper. W hen m ultip le  a rtic les w ere  pub lished by the  

sam e authors or g roup, the m ost recently pub lished or m ost in form ative 

s ing le  artic le  w as se lected  to  avo id  dup lica tion  o f the  pa tien t data . D up lica te 

reports  w ere inc luded  in  the specific  ana lyses on ly  if they perfo rm ed 
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d iffe rent subgroup ana lyses. N o attem pt w as m ade to restric t the search 

accord ing  to m ore  specific  m ethodo log ica l characteris tics. Accord ing ly , the  

fo llow ing exc lus ion  criteria  w ere used: (i) rev iew  art ic les or le tters to the  

ed ito r; ( ii) labora tory  stud ies, such as s tud ies on b ladder cancer ce ll lines 

and an im al m ode ls ; and (iii) s tud ies w h ich d id no t p rov ide  suffic ien t data to 

acqu ire  H R  and its s tandard  error.

To m in im ize the b ias and to im prove re liab ility , tw o independent 

rev iew ers (C .J . and J .H .K .) assessed the  e lig ib ility  o f abstracts  identified  by 

the  search. If s tud ies seem ed appropria te, the fu ll m anuscrip t w as 

scru tin ized and the s tudy w as deem ed  “re levant” if it m et the  inc lus ion 

crite ria. If the e lig ib ility  w as unclear from  the abstract, the fu ll a rtic le  was 

re trieved for c la rifica tion . The fu ll text pub lica tion  w as independently  

screened by tw o of the au thors (C .J. and J .H .K .). D isagreem ents be tw een 

rev iew ers w ere  reso lved by consensus. 

 

2. Data extraction and quality assessments 

The extracted  data  e lem ents o f th is  rev iew  inc luded the  fo llow ing: (i) 

pub lica tion  de ta ils : country , first author’s  last nam e, pub lica tion  year, period  

o f recru itm ent, and study des ign ; (ii) characteristics  o f the  s tud ied

popu la tion : sam ple  s ize , m ean or m ed ian age, gender, inc lusion  and 

exc lus ion  criteria , tum or characteris tics, treatm ent, endpo in t de fin ition , and 

fo llow -up period ; (iii) cut-o ff va lue of pos itive express ion  and the antibod ies 

used for im m unoh is tochem istry  (IH C ), as w e ll as b io log ic  sam ples and the 

type o f m easurem ents used to de term ine surv iv in  sta tus; and (iv ) surv iva l 
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curves, the  exact da ta o f to ta l and exposed num ber in  case and contro l 

g roups, as w e ll as H R s and the ir C Is. 

S tudy qua lity  w as assessed independently  by tw o investiga tors  (C .J.

and J.H .K .). A ny d isagreem ent w as reso lved by d iscuss ion . A lthough no 

s tandard qua lity assessm ent m ethod is  currently  ava ilab le , an assessm ent 

o f study m ethodo logy w as m ade accord ing to prev ious ly  defined crite ria. 

W e system atica lly  assessed the  qua lity  o f a ll inc luded stud ies using  the  

predefined form  by D e G rae ff e t a l [9 ], w h ich  w as adapted from  H ayes e t a l 

[10 ] and M cS hane et a l [11 ]. B rie fly, the fo llow ing crite ria  w ere investiga ted: 

(i) the  study reported inc lus ion  and exc lus ion  crite ria ; ( ii) study data w ere 

prospective ly o r retrospective ly  ga thered; (iii) c lin ica l and patho log ica l 

characteris tics o f the  pa tien ts w ere su ffic ien tly described; ( iv ) the assay 

used w as suffic ien tly described; (v) a defin ition  o f the study endpoin t w as 

prov ided; (v i) the fo llow -up tim e w as described; and (v ii) the  study reported  

how  m any patien ts w ere  lost to fo llow -up or w ere  not ava ilab le  fo r statis tica l 

ana lys is . 

 

3. Statistical analysis 

 The recom m ended sum m ary s tatis tics for m eta-

ana lys is  o f tim e-to-event data  are  the  logH R  and its variance, w h ich 

account for bo th the tim e it takes for an event to occur, as w e ll as censoring . 

For each tria l, th is  H R  was estim ated by a  m ethod  depend ing on the  data  

prov ided in the pub lica tions. The s im plest m ethod consisted  in the  d irect 

co llection  o f H R  and the ir 95%  C I from  the  orig ina l a rtic le . If those data 



6 

 

w ere not ava ilab le , p revious ly  reported  ind irect m ethods w ere  utilized  fo r 

extracting the logH R  and variance, due to the  paucity o f prognostic 

lite ra ture d irectly  reporting  these va lues [12-14]. A  random -effect m ode l 

w as used to  obta in  the sum m ary H R s and  95%  C Is. An observed H R >1 

ind ica ted  w orse outcom e for the study group re lative  to the reference group, 

and w ou ld  be  considered s tatis tica lly  s ign ifican t if the  95%  C I d id  no t 

overlap , w ith p <0.05. 

Subsequently , w e assessed the effect of 

unad justed  H R  on the surv iv in  resu lts in pa tients w ith non-m uscle invas ive  

b ladder tum or. F irst, a ttem pt w as m ade to use on ly  ad justed surv iva l da ta 

as part of th is  m eta-ana lys is . S tud ies that d id no t report an  ad justed H R  for 

surv iva l after contro lling  for po tentia l confound ing  c lin ica l variab les in  a 

m ultivariab le  ana lys is  (e .g . C ox regress ion  ana lys is  inc lud ing  im portan t 

c lin ica l factors, such as age, grade, and/o r perform ance status) w ere 

exc luded, s ince the accuracy o f H R s estim ated from  Kap lan-M eier surv iva l 

curves w ithout a  m ultivaria te  ana lys is  w as unce rta in  [15-17]. These data 

w ere  app lied in  a subgroup, and m eta-ana lyses w ere  perform ed to test the  

s tab ility  o f our conclus ions. 

 W e perform ed sensitiv ity  ana lyses in  pa tients  w ith 

non-m uscle  invas ive  b ladder tum or. Through sensitiv ity ana lyses, w e 

exam ined if our poo led estim ate o f the prognostic va lue o f surv iv in  s tatus 

w as la rge ly in fluenced by the m ethod fo r de term ination of surv iv in

express ion . S tud ies us ing  im m unoh is tochem ical (IH C ) express ion  w ere 

inc luded in  sensitiv ity ana lyses .  
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 H eterogene ity w as assessed using  the 

ch i-square  test fo r hete rogene ity , w ith  a  p  va lue  of < 0 .05 taken to  re flect the 

presence of s ign ifican t he terogene ity  [18 ]. The I2 s ta tistic  w as ca lcu la ted  to 

quantify the degree of heterogene ity [19 ]. I2 describes the proportion  of to ta l 

varia tion  in m eta-ana lys is  estim ates, w h ich is due to in ter-study 

heterogene ity , ra ther than  sam pling  error, and is  m easured from  0%  to 

100% , w ith increas ing I2 va lues ind ica ting a  larger effect of be tw een-study 

heterogene ity  in  the  m eta-ana lys is . 

 For those m eta-ana lyses inc lud ing  10 or m ore  stud ies, 

w e assessed the  possib ility  o f pub lica tion  b ias. Pub lica tion  b ias was 

eva lua ted using  the  funne l p lo t. In  the  absence o f b ias, the graph should  

resem ble  a  sym m etrica l inverted  funne l; conversely , in  the  presence o f b ias, 

the  p lo t should  appear skew ed and asym m etrica l.

The m eta-ana lys is  w as undertaken us ing R eview  M anager (R evM an) 

so ftw are  vers ion  5.0  (R evM an 5 ; The N ord ic  C ochrane  C enter, The 

C ochrane C ollabora tion, C openhagen, D enm ark). 
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. Results

O ur search strategy identified  463 artic les. Fo llow ing dedup lica tion , tw o  

rev iew ers independen tly screened the  identified  titles  and abstracts. They 

subsequently  agreed that 44 artic les shou ld  be  retrieved  fo r deta iled rev iew ; 

fo r these m anuscrip ts, fu ll texts  w ere  obta ined. O n carefu l rev iew  of s tudy 

m ethodo log ies, 31 w ere  exc luded for the  fo llow ing reasons: 20 stud ies had 

no form al investiga tion o f ou tcom es [20-39]. Instead, these stud ies 

assessed on ly  the  pred ictive  ab ility  and inc luded the  detection  va lid ity  in  the  

d iagnosis  o f b ladder cancer or based the ir resu lts  on  association  tests ; 

seven stud ies prov ided incom ple te in form ation  fo r H R s and 95%  C Is [40-

46]; and th ree s tud ies w ere  exc luded because it conta ined dup licate data  

[47-49]. T hus, a to ta l o f 14 artic les m et the e lig ib ility  crite ria for th is  

system atic rev iew  [50-63]. A  flow  d iagram  o f the s tudy se lection  process is 

p resented in  F ig . 1 .

Tab le  1 ou tlines the m ain  characteristics o f the inc luded stud ies. 

C onsidering  the  se lected s tud ies, one w as carried  ou t in  the U n ited S ta tes, 

n ine  in  E urope, th ree in  As ia , and one w as m ultina tiona l. N one o f se lected 

s tud ies w as prospective s tudy. Patien t tissues w ere  the m ostly com m on 

sam ples used to detect surv iv in , bu t in  tw o stud ies [53 ,56] the authors used 

urine  specim ens to assess surv iv in m R N A . O f the  14 stud ies, n ine  

eva lua ted IH C  sta in ing  in  fo rm alin -fixed para ffin -em bedded tissue b locks 

[52 ,54,55,57,58,60-63]. T issue  m icroarrays w ere created by us ing  0.6-m m
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d iam eter cores from  representa tive tissue reg ion in  one study [63], w hereas 

tw o stud ies prov ided no core  s ize  deta ils  [55 ,62]. In  the  rem ain ing  s tud ies, 

IH C  w as carried out on ind iv idua l w ho le-s lide  tissue sections 

[52 ,54,57,58,60,61]. Four o f n ine  (44.4% ) d id  no t define  the prim ary 

an tibody used [54, 55,61,62 ]. A  w ide range of d ilu tions w as used (1/50  to 

1 /1 ,600). The defin ition o f surv iv in  overexpress ion  a lso  varied  am ong 

stud ies. The cuto ff va lue used to de fine surv iv in  overexpress ion  w as 10%  

in  m ost s tud ies, w hereas in  the  rem ain ing  tw o stud ies, the  cu t-o ff va lue  w as 

8%  and 20% , respective ly [54 ,58]. Im m unopositive  ce lls  w ere  defined 

accord ing  to  the  percentage o f nuc lear [54 ,57,60], cytop lasm ic [52 ] or both  

[55 ,58,62,63] sta in ing . Four s tud ies docum ented w hether s ta in ing  

assessm ent w as b linded to ou tcom e sta tus [52 ,57,60, 61 ]. The m edian 

qua lity  score w as recorded as 5 (range: 3-6). The re  w as no s ign ifican t 

corre la tion  betw een study s ize  and qua lity  scores (Spearm an’s  r =  0 .472, p  

=  0.210). 

The 14 e lig ib le  s tud ies inc luded a  to ta l of 2 ,165 patien ts , w ith a  m ed ian 

num ber of 155 patien ts  per s tudy (range: 17-726). Basic  soc iodem ographic  

in fo rm ation , such as sex and age, w as m iss ing  from  28.6%  and 28.6%  of 

s tud ies, respective ly . O ther characteristics  such as the  patient and tum or 

characteris tics a re  sum m arized in  the Append ices 1 and 2 . O f the  1 ,755 

patien ts ava ilab le  in  the  present study, surv iv in overexpress ion was 

detected in 846 (48.2% ). T here w ere h igher frequencies of surv iv in

overexpression  w ith  T  stage and tum or grade w ere  h igher (A ppend ix 3). 

Tab le  2  sum m arizes the m ethods for estim ation o f H R . n ine  (64 .3% ) 
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stud ies reported  the  cofactors  used in  the  m ultivaria te  m ode ls, w h ich  varied  

w ide ly , even fo r a  g iven endpo in t. Tw enty-three c lin icopatho log ic factors 

w ere  incorpora ted in  one or m ore o f the inc luded stud ies ’ m u ltivaria te 

ana lyses. The m ost com m on cofactors in  the  stud ies tha t used m ultivariate  

ana lys is  to assess the  risk  of m orta lity w ere  grade (n =  6) and pT stage (n =  

6).

Forrest p lots o f the prim ary m eta-ana lyses can be seen in  F ig . 2. F ig. 2 

reports  the  average (poo led) H R  and its  95%  C I for each  of the  m eta-

ana lys is in  non-m uscle  invas ive  b ladder tum or. T here  w as som e evidence 

from  the  m eta-ana lyses tha t surv iv in  s tatus m ay prov ide  prognostic 

in fo rm ation . The poo led H R s w ere s tatistica lly  s ign ifican t for recurrence -

free surv iva l (poo led  H R , 1 .81 ; 95%  C I, 1 .30-2 .52), p rogression-free 

surv iva l (poo led H R , 2.12 ; 95%  C I, 1 .60-2 .82), cancer-specific  surv iva l 

(poo led  H R , 2 .01; 95%  C I, 1.32-3.06), and overa ll surv iva l (poo led  H R , 1 .53 ;

95%  C I, 1.02-2 .29). 

In  m uscle  invas ive  and advanced b ladder tum ors, the  H R s w ere  a lso 

s ta tistica lly  s ign ifican t fo r recurrence-free  surv iva l (H R , 1 .46; 95%  CI, 1 .18-

1 .82), cancer-specific  surv iva l (H R , 1 .54; 95%  C I, 1.21-1 .96), and overa ll 

surv iva l (H R , 2 .46 ; 95%  C I, 1.63-3.71). The resu lts  are  show n in  F ig . 4 and 

5 .

O n ly  ad justed surv iva l da ta  w ere su ffic ien t artic les ava ilab le  to  com pare 

surv iva l ana lyses according  to  surv iv in  express ion  (Tab le  3), a lthough th is  

subgroup ana lys is  on ly  inc ludes 2  stud ies w ith  overa ll surv iva l da ta 

ava ilab le . S ta tis tica lly  s ign ifican t d ifferences w ere  identified  fo r a ll surv iva l 
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subgroup ana lyses. Surv iv in  overexpress ion  w as s ign ifican tly  associa ted  

w ith  adverse surviva l in  the poo led patien t group. In add ition , sens itiv ity 

ana lyses confirm  tha t our estim ate  of the  overa ll H R  o f recurrence-free 

surv iva l, progress ion-free  surv iva l, cancer-specific  surv iva l and overa ll 

surv iva l by surv iv in  s ta tus is  robust w hen IH C w as chosen for the m ethod 

fo r de term ination o f surv iv in express ion (Tab le  4).

D ue to  our attem pts to  lim it betw een-study heterogene ity  th rough our 

s tric t inc lus ion crite ria , there  w as no betw een-study he terogene ity in  the  

e ffect o f surv iv in  sta tus on  the m ajority of m eta-ana lyses, w ith  I2 genera lly 

tow ard less than 50% . H ow ever, he terogene ity betw een overa ll surv iva l 

resu lts s till rem ains w ith in  each subgroup and resu lts shou ld  be  in terpreted  

cautious ly .

D ue to  the  sm all num ber o f stud ies in  m ost m eta-ana lyses, it w as not 

sensib le  to  exam ine the  potentia l for pub lica tion  b ias in  m eta-ana lys is , 

w h ich  d id  not conta in  10 s tud ies. H ow ever, there w as no c lea r ev idence o f 

funne l p lo t asym m etry  for ou tcom es, and thus, there  w as no c lear ev idence 

o f pub lica tion b ias (F ig . 3). 
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. Discussion 

C urrently, express ion o f su rv iv in  is  be ing used as a nove l prognostic 

factor in  severa l hum an neop lasm s. The rationa le for investiga ting surv iv in

as a  prognostic  m arker in  b ladder cancer is  based on its  ab ility  to  inh ib it 

apoptos is , prom ote pro life ration  and enhance ang iogenesis , as w ell as its 

p redom inantly tum or-specific  express ion  in adu lt tissues. In sp ite o f 

suggested p ivo ta l ro le o f surv iv in as a prognostic  m arker, there are 

re la tive ly  few  stud ies ava ilab le  exp loring  the  ro le  o f surv iv in  in  b ladder 

cancer, and som e of them  are controvers ia l. In  add ition , the pow er of m ost 

ind iv idua l s tud ies w as lim ited , due to low  sam ple  s ize . To date, no  m eta-

ana lys is  had been undertaken for any s tud ies eva lua ting  surv iv in  as a 

prognostic m arke r in  b ladder cancer. 

In  th is m eta -ana lys is, w h ich  enro lled a ll the e lig ib le  s tud ies com paring 

the  surv iva l of b ladder cancer pa tien ts accord ing to the  tum or express ion  o f 

surv iv in , surv iv in  is a prognostic factor in  b ladder cancer. S ta tistica l 

s ign ificance w as reached w hen patien ts w ho rece ived each trea tm ent w ere 

enro lled  in to  th is  ana lys is . O ur resu lts  show ed tha t surv iv in  overexpress ion  

is  s trong ly pred ictive  of recurrence, progress ion  and m orta lity  in  b ladder 

cancer. 

G enera lly , m eta-ana lys is based on ind iv idua l data  is considered as a 

go ld  s tandard [64 ]. H ow ever, m eta-ana lys is  of prognostic lite ra ture is  

associa ted w ith a  num ber of inherent lim ita tions. O ne of these key 
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lim ita tions is the  general p reva lence o f re trospective  study des ign in  th is 

se tting . N one of the s tudies included in the curren t m eta-ana lys is specified 

a  prospective  des ign . It is  d ifficu lt to  draw  any prec ise  conclus ions w hen 

stud ies are  not conducted prospective ly  and w hen not a ll re levant data  are  

ava ilab le . A longside  th is , an add itiona l h indrance to m eta-analys is  o f 

p rognostic  litera ture  is  the  genera l lack o f m u ltiva riab le  surv iva l da ta  in  

m any o f stud ies, a lthough the R EM AR K gu ide lines sta te the  investiga tion  

m ust inc lude estab lished c lin icopatho log ic  p rognostic  factors  as part of a  

m ultivaria te m ode l, and report the  resu lting  HR s regard less o f statis tica l 

s ign ificance [11 ]. If the au thors d id no t report the  ind iv idua l H R  together 

w ith  its variance, w e calcu la ted  it from  the  surviva l com parison sta tistics 

and its  variance, w henever poss ib le . The estim ated H R  m ight be  less 

re liab le  than the one obta ined d irectly  from  pub lished s tatis tics . Th is is  a lso  

a ttribu tab le  to  the fact tha t the num ber of pa tien ts  inc luded in each s tudy is 

typ ica lly  sm all. H ow ever, w hen ana lyz ing the overa ll re la tionsh ip  betw een 

ind iv idua l s tudy s ize  and m etho log ica l qua lity  scores in  the  present study, 

there  w as no s ign ifican t trend tow ards superior m ethodo log ica l qua lity  in  

la rger stud ies. 

A lthough the  specim ens and m ethods used fo r the assessm ent of 

surv iv in  express ion in  pa tien ts w ith  b ladder cancer d iffered  am ong these 

s tud ies, m any of the e lig ib le  s tud ies used IH C  to de tect surv iv in  express ion . 

IH C  resu lts shou ld be in terpreted w ith  caution , because o f vary ing  

specific ity o f the an tibod ies used, d ifferen t concentration  of the  an tibody 

used, lack of s tandard ized techno logy, d ifferen t approaches fo r storing  and 
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process ing  tissue, and the  absence of a  un ifo rm  defin ition  o f pos itive  

s ta in ing , lead ing  to d ifferen t resu lts w hen us ing  d iffe rent cu toff po in ts [65].

W hen defin ing  surviv in  overexpress ion , the  th resho ld in  IH C  varied from  8%  

to  20%  am ong these s tud ies. In  patien ts w ith b ladder cancer, there is  no 

com m on thresho ld  va lue  in  de fin ing  positive express ion  o f surv iv in , bu t it is 

im portant that a com m on or s tandard thresho ld in  the assessm ent of som e 

b iom arker shou ld  be se t to  m ake a  com para tive ly accurate  eva luation  o f its  

rea l function in  c lin ica l p ractice . 

Surv iv in  ex is ts in  tw o subce llu la r poo ls  and th is  is  consis tent w ith  its 

function in  the regu la tion  o f both ce ll v iab ility  and ce ll d iv is ion  [66 , 67].

There fore , another p roblem  w ith  IH C  is  the  determ ination  o f nuclear o r 

cytop lasm ic express ion o f surv iv in . S om e stud ies po in ted out the fact tha t 

surv iv in  cou ld  be  expressed in  e ither cytop lasm  or nuc le i. For exam ple, one 

s tudy show ed tha t surv iv in  nuc lear, bu t not cytop lasm ic sta in ing , corre la ted  

w ith  tum or grade, s tage, and patient outcom e in  pa tients  w ith  b ladder 

cancer [54 ]. H ow ever, IH C  resu lts  m ay som etim es lead to m is judgm ent o r 

m is in terpre tation  of the  express ion  pattern o f surv iv in  in  norm al o r 

cancerous tissues, due to  inappropria te  process ing  o f e ither tissues or 

im ages [68]. In  a  rev iew  o f the  litera ture , L i e t a l [68] identified  19 

pub lica tions that m easured nuc lear surv iv in  in  hum an tum ors, and reported  

tha t conflic ting  find ings ex is ted on the  re la tionsh ip be tw een nuclear surv iv in  

and prognosis. Am ong 19 pub lica tions, 9  show ed that nuc lear surv iv in  

express ion  is  an unfavorab le  prognostic  m arker, w hereas 5 proposed an 

opposing  notion , i.e . tha t the  nuc lear surv iv in  express ion  represented a  
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favorab le prognostic  m arker. T he rem ain ing  5 pub lica tions d id  no t focus on 

s tudy ing  the s ign ificance o f surv iv in  nuc lear express ion  in  d isease outcom e. 

M ost e lig ib le  stud ies d id no t investiga te the d ifferen tia l pred ic tive va lue of 

nuc lear versus cytop lasm ic s ta in ing o f surv iv in . A t p resent, it rem ains 

uncerta in  as to  w hether there is  a  d iffe rence w hen d is tingu ish ing  betw een 

cytop lasm ic o r nuc lear s ta in ing  fo r surv iv in .

A lthough there  w as no heterogene ity  fo r surv iva l ana lys is , caution  is 

perhaps advised, as there  w ere on ly  14 stud ies w ith  a re la tive ly sm all 

sam ple  s ize o f patien ts in  the ana lys is . H eterogene ity m ay be caused by 

o ther factors, such as inc lus ion  crite ria , d iffe ren t tum or stage, type of 

treatm ent, sam ple s torage, p rim ary an tibody and d ilu tion , m ethod of

m easuring surv iv in , surviv in  cuto ff leve ls , and ad justm ent for cofactors. It is 

a lso  very d ifficu lt to  exam ine or exp la in  heterogene ity , due to the variab ility 

in  c lin ica l characteristics  across pa tien ts  w ith in  s tud ies. In  add ition , there 

are  few  reports in  the lite rature w ith respect to the prognostic im pact o f 

surv iv in  in  m ore advanced b ladder cancer patien ts . Especia lly , on ly one 

s tudy exam ined w hether surv iv in  overexpression  m ight be a  pred ic tive 

m arker fo r overa ll su rv iva l to  c isp la tin-based chem otherapy in pa tien ts  w ith 

advanced (T4b and N 2-N 3) or m etasta tic (M 1) b ladder cancer [55 ].

Another potentia l source  o f b ias is  re la ted  to  Language. Th is rev iew  

w as tota lly  lim ited to lite ra tu res pub lished in  Eng lish  because other 

languages w ere not access ib le  for the investiga tors. The restriction to 

Eng lish  language artic les poss ib ly favors the pos itive resu lts [69]. In  

add ition , w e d id  no t extend the  search  to  unpub lished  data  tha t w ould  like ly  
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inc lude increased proportions of nu ll resu lts . Furtherm ore , the  poo led risks 

o f surv iv in  fo r recurrence-free  surv iv ia l o r overall surv iva l in  non-m uscle 

invas ive  b ladder tum or, a lthough sta tistica lly  s ign ifican t, w ere  not strong, 

w ith  poo led H R s of 1 .81 and 1 .53, respective ly . Em pirica lly , H R  >2 is 

considered s trong ly  p red ic tive  [70 ]. F ina lly , g iven the  com plex ity  of the 

m olecu lar abnorm alities associa ted w ith  b ladder cancer, com binations o f 

independent, com plem enta ry m arkers m ight prov ide  a  m ore  accura te 

pred ic tion  of outcom e than a  sing le  m arker [25,47 ,63 ]. 

D esp ite  the inherent lim ita tions of m eta-ana lyz ing  prognostic  lite ra ture, 

the  find ings from  the  present study suggest tha t surv iv in  represents the 

consis ten tly  reproducib le m olecu lar m arker w ith  prognostic  va lue  in  b ladder 

cancer. O ur s trengths lie  w ith in  the broad, unb iased  search o f the lite rature  

and the  app lica tion  o f standard ized system atic  rev iew  and  m eta-ana lys is 

techn iques to ob jective ly  identify m anuscrip ts conta in ing  data suffic ien tly 

robust to be sum m arized. S tric t inc lus ion /exc lusion  crite ria w ere  used to  

se lect the stud ies inc luded in  the present m eta-ana lys is , thus lim iting  the  

potentia l b ias. In  cases w here  pa rt o r a ll o f the sam e patien ts  series w as 

inc luded in  m ore than one pub lica tion , on ly the  m ore recent or m ore 

com ple te s tudy w as inc luded in  the ana lys is , in  o rder to avo id  dup lica ting  

the  sam e patien t da ta. W hen considering  the overa ll e ffects  o f po tentia l 

pub lica tion  b ias in th is ana lys is , the funne l p lo ts fo r surv iva l ana lysis w ere  

not ind ica tive o f any strong pub lica tion  b ias. 
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. Conclusions

In  conclus ion , our m eta-ana lys is  has y ie lded s ign ifican t associa tion 

be tw een surv iv in  express ion  and b ladder cancer recurrence, progress ion, 

and m orta lity , a lthough these find ings need to be in te rpreted  w ith caution . It 

is  d ifficu lt to draw  any re liab le  conclus ion  fo r the  current m eta-analys is  o f 

surv iv in  fo r overa ll surv iva l in  b ladder cancer, due to the lim ited  num ber of 

eva luab le  s tud ies. Surv iv in  de term ination  m ight he lp  identify  pa tients  w ith 

b ladder cancer a t h igh  risk  o f d isease recurrence, p rogress ion  and poor 

p rognosis , w ho m ight benefit from  c loser fo llow -up or m ore aggress ive  

therapy. H ow ever, s im p lified , quantita tive  and reproducib le  assays need to 

be  deve loped  and va lida ted  fo r the detection o f surv iv in . In  add ition, it is  

ra ther necessary that bette r des igned stud ies need to  be enro lled  in to such 

k ind  o f analys is  in  the  fu ture , to  prov ide  a  bette r conclus ion  about the  

re la tionsh ip  be tw een surv iv in  express ion and the outcom e o f pa tien ts  w ith  

b ladder cancer. The value  o f surv iv in  for m o lecu lar s tag ing  of b ladder 

cancer a lso needs to be  confirm ed in  contro lled  tria ls  invo lv ing la rge r 

num ber of patien ts  w ith  longer fo llow -up, before  any defin itive  conclus ions 

can be m ade. 
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Fig 1. M ethodo log ica l flow  chart of the  system atic rev iew  
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Fig. 2. Forest p lo ts of hazard ratios w ith random  effects m ode l for surviv in  
in  pa tien ts w ith non-m uscle  invas ive b ladder tum or. (A ) R ecurrence-free 
surv iva l. (B ) P rogress ion-free  surv iva l. (C ) C ancer-specific  surv iva l. (D ) 
O vera ll surv iva l. 
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Fig. 3. F unne l graphs of the  assessm ent o f potentia l pub lica tion b ias in  
s tud ies o f surv iv in express ion  in  pa tien ts w ith  non-m uscle invas ive  b ladder 
tum or. (A ) R ecurrence-free surv iva l. (B ) Progress ion-free surv iva l. (C ) 
C ancer-specific  surv iva l. (D ) O vera ll surv iva l.
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Fig. 4. Forest p lo ts of hazard ratios w ith random  effects m ode l for surviv in
in  pa tien ts w ith m uscle  invas ive  b ladder tum or. (A ) R ecurrence-free surv iva l. 
(B ) C ancer-specific  surv iva l. 
 
 
 

  

Fig. 5. Forest p lots  of hazard  ratios w ith  random  effects  m ode l for surv iv ing
in  pa tien ts w ith  advanced or m etastatic  b ladder tum or (overa ll surv iva l).
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Appendix 4. Forest p lo ts  o f hazard  ra tios w ith random  effects  m ode l fo r 
surv iv in  in  patien ts w ith m uscle invas ive b ladder tum or. (A ) R ecurrence-free  
surv iva l. (B ) C ancer-specific  surviva l. 

 
 
Appendix 5. Forest p lo ts  o f hazard  ra tios w ith random  effects  m ode l fo r 
surv iv in  in  patien ts w ith advanced or m etasta tic  b ladder tum or (overa ll 
surv iva l). 
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