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Postoperative Nomogram for Disease 
Recurrence and Cancer-Specific Death 
for Upper Tract Urothelial Carcinoma: 
Comparison to American Joint Commit-
tee on Cancer Staging Classification
Behfar Ehdaie,1,3 Shahrokh F. Shariat,2 Caroline Savage,3 Jonathan Coleman,1 Guido Dalbagni1

Purpose:Wesoughttodevelopprognosticmodelstopredictdiseaserecurrenceandcancer-
specificmortality inpatientswithupper tracturothelialcarcinoma(UTUC)whounderwent
radicalnephroureterectomy(RNU).

Materials and Methods:Dataon253patientstreatedwithRNUbetween1995and2008ata
singlehigh-volumetertiaryreferralcenterwereanalyzed.Statisticallyandclinicallysignificant
patientandtumorcharacteristicswereidentifiedinaunivariateanalysisandincorporatedinto
amultivariableCoxregressionmodel.Themodelwascomparedtothe2010AmericanJoint
CommitteeonCancer (AJCC)stagingclassificationusing theconcordance index (c-index),
correctedforstatisticaloptimismusingbootstrapmethods.

Results: Five-year recurrence-free survival (RFS) and cancer-specific survival (CSS) rates
were73%[95%confidenceinterval(CI):66-79%)]and78%(95%CI:71-84%),respectively.
Onmultivariateanalysis,higherpreoperativeglomerularfiltrationrate(GFR)wasassociated
withbetterCSS[hazardratio(HR)per1mL/min/m2increaseinGFRforCSS:0.74;P=.002)],
whilehigherpathologicstage(HRforpT2:2.99andfor≥pT3:7.34;P<.001)andlymph
nodeinvolvement(HR:3.75;P<.001)wereassociatedwithworseCSS;resultsweresimilar
forRFS.Theabilityofthefinalmodels,whichincludedpreoperativeGFR,lymphnodestatus,
pathologicgrade,andstage,topredictRFSandCSS(c-index0.82and0.83,respectively)was
similartothatofthe2010AJCCstagingclassification(c-index0.80and0.81,respectively).

Conclusion:Giventhedata-dependentselectionofvariablesinthissingleinstitutioncohort,
itisunlikelythatthemarginalimprovementfoundwiththesepredictionmodelswouldimpor-
tantlyimpactclinicaldecision-makingorimprovepatientcare.The2010AJCCstagingclas-
sificationaloneisveryaccurateandshouldcontinuetoguidefollow-upafterRNU.
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INTRODUCTION

Upper tracturothelialcarcinoma (UTUC) isa rela-
tivelyrareneoplasmandaccountsfor5-6%ofall
urothelial tumors.(1) Radical nephroureterectomy

(RNU)withbladdercuffremovalisthemosteffectivetreat-
mentforinvasiveUTUC.Approximately20-40%ofpatients
initially present with locally advanced disease and lymph
nodemetastasesatthetimeofdiagnosis.(2)Despiteadvances
in surgical technique, 5-year cancer-specificmortality rates
are15%,45%and88%forpatientswithpT2N0,pT3N0and
pT4N0disease,respectively.(3)Therarityofthediseasehas
limitedtheuseofprospectivestudiestoevaluatetheroleofa
multimodalitytreatmentapproach,andexistingdataindicate
thatthesurvivalratesinthesepatientshavenotimproved.(4) 
Accuratepredictionofpostoperativecancerrecurrenceand
survivaloutcomescouldhelpguidedecisionsregardingad-
ministrationofadjuvantchemotherapyandselectiveenroll-
mentintoclinicaltrialsofnoveltherapies.Currently,useof
adjuvantchemotherapyislimitedbythelackofproofofef-
ficacy and potential side effects.Moreover, physicians are
hesitanttoadministerneoadjuvantchemotherapybecauseof
thelimitedaccuracyofpreoperativestagingbasedonhisto-
pathology.Thepathological staging criteria definedby the
American JointCommittee onCancer (AJCC) incorporate
tumorstage,nodalstage,andmetastasesinformationtopre-
dict prognosis.(5) However, application of the 2010AJCC
stagingclassificationtoUTUCislimitedforseveralreasons.
First,lymphnodestatusisnotconsistentinUTUCasthere
isnoconsensusdefiningananatomictemplateforalymph
nodedissectionandnearly60%ofpatientsdonothavead-
equate lymphnode staging.(6)Second, tumorgrade,which
isanimportantpredictorofprognosisforUTUC,isnotin-
cludedinthe2010AJCCclassification.(7,8) 
Given theseputative limitationsof the2010AJCCstaging
classification, our objective was to develop multivariable
models to predict five-year recurrence-free survival (RFS)
andcancer-specificsurvival(CSS)afterRNUbasedonpa-
tientandtumorcharacteristicsandtocompareitsprognostic
accuracytothatofthe2010AJCCstagingclassification.

MATERIALS AND METHODS
Patient Cohort
In this institutional review board-approved study, we re-
viewedalltheprospectivelycollecteddataon324consecu-

tivepatientswithuppertracttumorstreatedwithRNUatMe-
morial Sloan-Kettering Cancer Center (MSKCC) between
1995and2008.Weexcludedpatientswhounderwentprevi-
ousorconcurrentradicalcystectomy(n=46),hadpriorcon-
tralateralUTUC(n=4),orreceivedpreoperativechemother-
apy(n=21).Theremaining253patientswerethesubjectsof
thepresentanalysis.RNUwasperformedbygenitourinary
surgeonsatMSKCCusingastandardizedapproach,includ-
ingtheremovalof thekidneywiththeentire lengthof the
ureterandtheadjacentsegmentofthebladdercuff.Thehi-
larandregionallymphnodesadjacenttotheipsilateralgreat
vesselgenerallywereresected.Allpatientswereenrolledin
standardized post-operative clinical pathways. The preop-
erativeevaluationwassimilaramongallpatients,including
computedtomography(CT)scan,chestX-ray,cysto-ureter-
oscopy,andurinecytology.Nopatientreceivedpreoperative
chemotherapyandpost-operativechemotherapyconsistedof
platinum-basedtreatmentforevidenceofmetastaticdisease.
Outcome Evaluation
TodetermineRFS,wedefineddiseaserecurrenceasanyra-
diographicdocumentationofdiseaseorpathologicallyprov-
enfailureinoperativesite,regionallymphnodes,ordistant
metastasis.Recurrenceswithinthebladderandthecontralat-
eralcollectingsystemwerenotconsideredintheanalysisof
RFSrate.TodetermineCSS,causeofdeathwasdetermined
bychartreviewcorroboratedbydeathcertificate.
Statistical Analysis
Ourfirstaimwastoidentifypostoperativepredictorsofon-
cologicoutcomeafterRNU.WeusedunivariateCoxpropor-
tional-hazards regressionmodels to predictRFS andCSS.
Predictors in our analyses included gender, age,American
SocietyofAnesthesiologists(ASA)classificationscore,pre-
operativeglomerularfiltrationrate(GFR),smokinghistory,
carcinomainsitu,multifocaldisease,pathologicgrade(≥2
or<2),pathologicstage(≤pT1,pT2,or≥pT3)andnodesta-
tus(NX,N0,orN1).FortheoutcomesofRFSandCSS,we
createdtwomultivariablemodelsthatincludedcarcinomain
situ,grade,pathologicstage,andnodestatus.Predictorsfor
themultivariablemodelswerechosenfromthosefound to
besignificantonunivariateanalyses;duetothelimitednum-
berofevents,wefocusedourselectionon those thatwere
deemedthemostclinicallyrelevant.Weevaluatedthepredic-
tiveaccuracyofourmultivariablemodelsusingconcordance
index (c-index)withbootstrapping tocorrect for statistical
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optimism.AllstatisticalanalyseswereconductedusingSTA-
TA11.0(StataCorp,CollegeStation,TX,USA).

RESULTS
Patient characteristics are shown in Table 1. The median
age of patients was 72 years; approximately two-thirds 
(62%;n =158)ofpatientsweremaleandthree-quartersre-
portedahistoryofsmoking(74%).Themedianfollow-upfor
patients without disease recurrence or death was 4.2 years. 
Ofthe58patientswhoexperiencedrecurrence,48diedfrom
UTUC including 1 patientwho died fromdiseasewithout
priorevidenceofa recurrenceandwasconsidered tohave
experienced recurrence at the time of death. Overall, the
5-yearprobabilityofRFSandCSSwere73%[(95%confi-
denceinterval(CI):66-79%)]and78%(95%CI:71-84%),
respectively(Figures1and2).Intotal,96patientsdied;the
5-yearsurvivalprobabilitywas65%(95%CI:58-72%).
Table2 shows the results from theunivariateCoxpropor-
tional-hazards(HR)regressionmodels.Age,ASAscore,and
preoperativeGFRwere significantly associatedwithCSS.
Additionally, grade, pathologic stage, and node status were 
significantlyassociatedwithRFSandCSS.Wedidnotfind
anyevidencethatgender(allP≥.2),orsmokinghistory(all
P ≥ .4)were significantly associatedwith any of the out-
comes.Therewasnoevidenceofnon-linearitywithrespect
toageandpreoperativeGFR.
ThemultivariableresultsareshowninTable3.Higherpre-

operativeGFRwasassociatedwithbetteroutcomes,while
highergrade,pathologicstage,andlymphnodeinvolvement
weresignificantlyassociatedwithworseoutcomes.
Wewereconcerned thatgiven thehigh rateofdeath from
othercauses(halfthedeathswereduetocausesotherthan
UTUC), a competing-risks regression model would have
beenmoreappropriate.Werepeatedallofouranalysesus-
ingacompetingriskregressionmodelsandfoundverysimi-
larresults.Forexample,thesubhazardratiofortheeffectof
GFRonrecurrencewas0.74(95%CI:0.61-0.90)compared
toHRof0.73(95%CI:0.61-0.88)usingtheCoxproportion-
al-hazardsmodel;boththesubhazardratioandHRestimate
forpathologicstagepT3anddeathfromdiseasewere7.34.
Giventhesimilarityinestimatesandtheabilitytocompare
concordanceindices,wechosetopresentourresultsfromthe
Coxproportional-hazardsmodels.
Theoveralldiscriminatoryabilityofour twomultivariable
modelstopredictRFSandCSSwashigh(bootstrap-correct-
edc-index:0.82and0.83,respectively).Incomparison,the
discriminatory abilityofAJCCstage alone topredictRFS
andCSSasmeasuredbythebootstrap-correctedc-indexwas
0.80and0.81,respectively.

DISCUSSION
Inthisstudy,wecombinedpatientandtumorcharacteristics
with pathologic stage and grade to predict RFS andCSS.
Additional patient characteristics and histology grade only 
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Figure 1. Recurrence-free survival in patients with upper tract 
urothelial carcinoma treated with radical nephroureterectomy 
and bladder cuff excision.

Figure 2. Cancer-specific survival in patients with upper tract 
urothelial carcinoma treated with radical nephroureterectomy 
and bladder cuff excision.
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marginallyenhancedthediscriminatoryabilityof the2010
AJCC staging classification to predict disease recurrence
andcancer-specificmortalityinUTUCpatientstreatedwith
RNU.Giventhatthecohortwasderivedfromasingleinsti-
tutionandthatvariableswereselectedforthemultivariable

modelsinadata-dependentmanner,wearecautioustorec-
ommendtheimplementationofourmodelsandreplacingthe
standardAJCCstageclassification.Assuch,theincorpora-
tionofGFR,pathologicgrade,andnodalstatusinaformal
prognosticmodel isunlikely to importantly impactclinical
decision-makingorimprovepatientcare.
Predictionmodelshavebeendevelopedforvarioustumors
toassistphysicians,providepatientswithestimatesofclini-
caloutcomes,andaidindecisionmaking.Thereisevidence
thatincorporatingmultiplevariablesintoapredictionmodel
providesmoreaccurate riskprediction thanclassifyingpa-
tients based on tumor stage alone. In urologic oncology,
multivariablemodelshavebeenshowntobemoreaccurate
thanclinical staging inpredictingcancer-specificmortality
for renal cell carcinoma, urothelial carcinomaof the blad-
der, prostate cancer, and penile cancer.(9-12)Itisimportantto
evaluatetheclinicalvalueofanewpredictionmodelbefore
itisimplementedintoclinicalpractice.Oneoftheprimary
stepsistocompareitsdiscriminatoryabilitywiththatofwhat
iscurrentlyused.Then,adirectcomparisonshouldbecon-
ducted inanexternalcohortusingcalibrationanddecision
curveanalytictechniquestodetermineifthenewpredictive
outperformsothermodels.(13) 
Recently,Jeldresandcolleaguesdevelopedamultivariable
predictivemodel inUTUC incorporatingage,pathological
stage,andtumorgradeusingtheSurveillance,Epidemiolo-
gy,andEndResults(SEER)database.(6)Theirmodel’saccu-
racytopredictcancer-specificmortalityafterRNUwasgood
(75.4%)anddemonstratedstatisticallysuperiordiscrimina-
tory ability compared to theAJCCandUnion for Interna-
tionalCancerControl(UICC)stagingclassification(64.8%).
Jeldresandcolleaguesacknowledgedthelimitationsinherent
withintheSEERdatabaseincludinglackofcentralpathol-
ogyreview,incompletesurgicalresectionofabladdercuff
in31-35%ofpatientsandabsenceofalymphnodedissec-
tioninapproximately60%ofpatients.Theincompleteness
ofsurgicaltreatmentdefinedbythelackofbladdercuffexci-
sioncannegativelyimpacttheaccuracyofpathologicalstag-
ingandmaylimitthegeneralizabilityoftheresults.
Usingacontemporarycohortofpatients,wedevelopedprog-
nosticmodelstopredictdiseaserecurrenceandcancer-specif-
icmortalityincorporatingpathologicstage,lymphnodesta-
tus,tumorgrade,andpreoperativeGFR.PreoperativeGFR
isaneffectivesurrogateforoverallhealthasmultiplestud-

Table 1.  Patient characteristics. All values are median (IQR) or 
frequency (proportion).

Variables No. = 253

Age at surgery (years) 72 (63-77)

Body mass index (n = 246) (kg/m2) 27 (24-30)

Male gender 158 (62%)

Preoperative GFR (n = 248) (mL/min/m2) 54 (44-68)

Preoperative high grade (n = 161) 110 (68%)

Hematuria, no. (%)

                  None 64 (25)

                  Micro 28 (11)

                 Gross 161 (64)

Parenchymal invasion on CT (n = 248) 36 (15%)

Hydronephrosis on CT (n = 251) 125 (50%)

Cytology, no. (%)

                  Negative 52 (21)

                  Positive 190 (75)

                 Not done 11 (4)

Smoking history* (n = 252) 185 (73%)

ASA score (n = 252), no. (%)

                 1 7 (3)

                 2 127 (50)

                 3 118 (47)

Pathologic stage, no. (%)

                 ≤ pT1 132 (52)

                 pT2 56 (22)

                 ≥ pT3 65 (26)

Lymph node status, no. (%)

                 NX 93 (37)

                 N0 137 (54)

                 N1 23 (9)

Pathologic grade (n = 252), no. (%)

                  High 193 (77)

                 Low 59 (23)

                 Previous NMIBC 86 (34)

                 CIS 70 (28)

Multifocal disease (n = 250) 65 (26%)

Keys: NMIBC, non-muscle invasive bladder cancer; CIS, carcinoma in situ; 
GFR, glomerular filtration rate; IQR, interquartile range; CT, computed 
tomography; ASA, American Joint Committee on Cancer. 
*Smoking history reported at time of surgery (current/former vs. never).
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ieshavedemonstratedthatrenalfunctionimpactsmortality
and reduced renal function leads to hypertension, anemia,
malnutrition,cardiovasculardisease,andreducedqualityof
life.(14)InUTUC,assessmentofrenalfunctionisimportant
forprognosisbecauseRNUis themosteffectivetreatment
forinvasivediseasewhileadjuvantchemotherapyislimited
byanincreasedriskofrenaldysfunction.Furthermore,and
incontrasttotheSEERstudy,weevaluatedaconsecutive,
prospectivelycollectedcohortofpatients inasingle,high-
volumetertiaryreferralcenter.Inaddition,thec-indexforthe
AJCCstagingclassificationintheSEERdatabasewaslow
(RFS:64.8%)andinourmodel,the2010AJCCstagingclas-
sificationwashighlypredictiveofsurvivaloutcomes(RFS:
80%,CSS:81%).These resultsmightbeexplainedby the
heterogeneityinbladdercuffexcisionandlymphadenectomy
withintheSEERdatabase.

Wefailedtofindevidencethattheadditionofgrade,GFR,and
lymphnodestatusimportantlyimprovedpredictionofonco-
logicoutcomesinUTUC.Despiteamarginalimprovementin
thediscriminatoryabilityofourpredictivemodelscompared
with the 2010AJCC staging classification,we are cautious
withtheinterpretationofourresults.Inthissingleinstitution
studythatinvolveddata-dependentvariableselection,asmall
change ineffect size isunlikely towithstandacomparative
analysiswith thestandardAJCCstagingclassification inan
externalcohortusingcalibrationanddecisioncurveanalytic
techniquesasbenchmarks.Alternatively,ifwehadachieved
theseresultsusingalarge,multi-institutionaldatabase,thena
small improvement in thec-indexwouldbemoreclinically
dependableandworthyoffurtherinvestigation.
There are several important limitations of our study.First,
UTUCisararemalignancy,whichmakesevaluationoflarge

Table 2. Univariate Cox proportional-hazards models for recurrence-free survival and upper tract urothelial carcinoma-specific survival. 

Variables Recurrence-Free Survival Disease-Specific Survival

HR 95% CI P HR 95% CI P

Male 1.11 0.65-1.89 .7 1.21 .5

Age 1.22 0.97-1534 .097 1.44 .014

ASA Score .074 .037

< 3 Ref Ref Ref

≥ 3 1.60 0.96-2.67 1.84

Preoperative GFR 
0.76 0.64-0.89 < .001 0.74 .002

(per 10 mL/min/m2)

Smoking 0.77 0.44-1.35 .4 0.77 .4

CIS 1.63 0.96-2.79 .072 1.66 .094

Multifocal disease 0.91 0.50-1.66 .8 0.88 .7

Grade .005 .014

Low Ref Ref Ref

High 3.36 1.44-7.83 2.92

Pathologic stage < .001 < .001

≤ pT1 Ref Ref Ref

pT2 2.72 1.22-6.05 4.21

≥ pT3 8.91 4.61-17.2 11.7

Node status < .001 < .001

N0 Ref Ref Ref

N1 8.01 4.26-15.1 7.99

NX 0.78 0.42-1.46 0.76

Keys: HR, hazard ratio; CI, confidence interval; Ref, reference; NMIBC, non-muscle invasive bladder cancer; CIS, carcinoma in situ; Smoking, smoking status 
at time of surgery; GFR, glomerular filtration rate, ASA, American Joint Committee on Cancer.
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patientpopulationsdifficult.However,inspiteofthelimited
sizeofourcohort,wewereabletoidentifyseveralclinically
relevantpredictors.Critically,despiteidentifyingseveralvar-
iablesthatwereindependentlyandstatisticallysignificanton
multivariableanalysis, incorporationof thesefactors intoa
predictionmodeldidnotimportantlyimprovethepredictive
accuracyabovethatofthe2010AJCCstagingalone.Second,
tumorgradeandpathologyweredeterminedbyinstitutional
pathology report, as therewas no systematic re-review of
thepathologicmaterial.Third,despitethestandardizationof
surgicaltechniqueandroutineexcisionofabladdercuffdur-
ingRNU,37%ofthepatientsinourcohortdidnotreceive
a lymphadenectomy.Therefore,we believe it is important
toemphasizetheneedforastandardizationoftheextentof
lymphnodedissectionanditsindicationsinUTUCpatients
treated with RNU.
Webelieve our study is novel and emphasizes the impor-
tance of considering the impact of a predictionmodel on
clinical decisionmaking rather than focusing onmarginal
statistical significance. Furthermore, our study will help
investigatorsdevelopan improvedpredictionmodelby in-
corporating novel biomarkers for disease progression such
as tumor architecture.(15) In the future, the evaluation of a
largermulti-institutionaldatabasewithadditionalpatientand

tumorcharacteristicsmayimprovethediscriminatoryability
ofapredictivemodelforUTUC.However,wedemonstrated
that in this contemporarycohortofUTUCpatients treated
withRNUtheincorporationofmultipleclinicallysignificant
predictorsdoesnotprovidemoreaccurateprognosticinfor-
mationthanpathologicstage.

CONCLUSION
Themultivariateprognosticmodelwedevelopedincorporat-
ingGFR,tumorgrade,stageandlymphnodestatusdidnot
meaningfullyimprovethediscriminatoryabilityofthe2010
AJCCstagingclassificationforUTUC.Inthispatientcohort,
the2010AJCCstagingclassificationalonewasveryaccu-
rate.The2010AJCCstagingclassificationshouldbeusedto
guidefollow-upafterRNUandtoassistphysiciansinprovid-
ingestimatesofcancer-specificoutcomestotheirpatients.
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Table 3. Multivariate Cox proportional-hazards models for recurrence-free survival and cancer-specific survival in patients with upper tract urothelial 
carcinoma treated with radical nephroureterectomy and bladder cuff excision.

Variables Recurrence-Free Survival Disease-Specific Survival

HR 95% CI P HR 95% CI P

Preoperative GFR 
0.73 0.61-0.88 < .001 0.74 0.61-0.90 .002

(per 10 mL/min/m2)

Tumor grade .2 .3

Low Ref Ref Ref Ref

High 1.77 0.72-4.38 1.69 0.69-4.17

Pathologic Stage < .001 < .001

≤ pT1 Ref Ref Ref Ref

pT2 1.67 0.71-3.94 2.99 1.12-7.97

≥ pT3 5.71 2.77-1.7 7.34 2.98-18.1

Node Status < .001 .002

N0 Ref Ref Ref Ref

N1 3.95 1.98-7.86 3.75 1.78-7.89

NX 1.16 0.59-2.29 1.31 0.61-2.81

Keys: HR, hazard ratio; CI, confidence interval; Ref, reference; GFR, glomerular filtration rate.
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