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ELGHVVWDWWOLFKH VHUVLFKHUXQJ 

HieUPiW YeUVicheUe ich, CaUl FeUdiQaQd CaSelleQ, aQ EideV VWaWW, daVV ich die 
YRUliegeQde DiVVeUWaWiRQ ³ ​DiagQRVWik XQd TheUaSie deU PigPeQWieUWeQ VillRQRdXllUeQ 
S\QRYiWiV (RieVeQ]ellWXPRU deU SehQeQVcheideQ) ​´ VelbVWVWlQdig aQgefeUWigW habe, 
Pich aX�eU deU aQgegebeQeQ keiQeU ZeiWeUeQ HilfVPiWWel bedieQW XQd alle 
EUkeQQWQiVVe, die aXV deP SchUifWWXP gaQ] RdeU aQQlheUQd �beUQRPPeQ ViQd, alV 
VRlche keQQWlich gePachW XQd Qach ihUeU HeUkXQfW XQWeU Be]eichQXQg deU 
FXQdVWelle eiQ]elQ QachgeZieVeQ habe. 

Ich eUkllUe deV WeiWeUeQ, daVV die hieU YRUgelegWe DiVVeUWaWiRQ QichW iQ gleicheU RdeU 
iQ lhQlicheU FRUP bei eiQeU aQdeUeQ SWelle ]XU EUlaQgXQg eiQeV akadePiVcheQ 
GUadeV eiQgeUeichW ZXUde. 

I heUeb\ cRQfiUP WhaW Whe diVVeUWaWiRQ ³ ​DiagQRVWik XQd TheUaSie deU PigPeQWieUWeQ 
VillRQRdXllUeQ S\QRYiWiV (RieVeQ]ellWXPRU deU SehQeQVcheideQ) ​´ iV Whe UeVXlW Rf P\ 
RZQ ZRUk aQd WhaW I haYe RQl\ XVed VRXUceV RU PaWeUialV liVWed aQd VSecified iQ Whe 
diVVeUWaWiRQ. 

BRWWighRfeQ, deQ 14.01.2020 / BRWWighRfeQ, 14.01.2020 

Carl Ferdinand Capellen

UQWeUVchUifW / VigQaWXUe 
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1. AEN�U]XQJVYHU]HLFKQLV  
 
PVNS / PVS PigPeQWieUWe YillRQRdXllUe S\QRYialiWiV 
RSO RadiRV\QRYiRUWheVe 
CSF1 cRlRQ\ VWiPXlaWiQg facWRU 1 
CSF1R cRlRQ\ VWiPXlaWiQg facWRU 1 UeceSWRU 
VEGF VaVcXlaU EQdRWhelial GURZWh FacWRU 
W(1;2) TUaQVlRkaWiRQ YRQ ChURPRVRP 1 XQd 2 
LR LRkalUe]idiY 
MRT MagQeWUeVRQaQ]WRPRgUaShie 
CT CRPSXWeUWRPRgUaShie 
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2. PXEOLNDWLRQVOLVWH  
 
2.1. VeU|ffeQWlichXQg I 
b
CDSHOOHQ CF​, ​TiliQg R​, ​KleiQ A​, ​BaXU-MelQ\k A​, ​KQ|Vel T​, ​BiUkeQPaieU C​, ​RRedeU F​, ​JaQVVRQ V​, ​D�UU 
HR ​. LRZeUiQg Whe UecXUUeQce UaWe iQ SigPeQWed YillRQRdXlaU V\QRYiWiV: A VeUieV Rf 120 UeVecWiRQV. 
RheXPaWRlRg\ (O[fRUd). 2018 AXg 1;57(8):1448-1452. dRi: 10.1093/UheXPaWRlRg\/ke\133 
 
2.2. VeU|ffeQWlichXQg II 
b
D�UU HR​, ​CDSHOOHQ CF​, ​KleiQ A​, ​BaXU-MelQ\k A​, ​BiUkeQPaieU C​, ​JaQVVRQ V​, ​TiliQg R​. The effecWV Rf 
UadiRV\QRYiRUWheViV iQ SigPeQWed YillRQRdXlaU V\QRYiWiV Rf Whe kQee​. ​AUch OUWhRS TUaXPa SXUg.​ 2018 
Dec 11. dRi: 10.1007/V00402-018-3097-4. 
 
2.3. VRUWUlge 

CDSHOOHQ C.F.,​ TiliQg R., KleiQ A., BaXU-MelQ\k A., KQ|Vel, T., JaQVVRQ V., D�UU H.R.: EUgebQiVVe deU 
TheUaSie deU SigPeQWieUWeQ YillRQRdXllUeQ S\QRYiWiV (PVS). DeXWVcheU KRQgUeVV f�U OUWhRSldie XQd 
UQfallchiUXUgie (DKOU) 28.10.2016, BeUliQ. 

Ale[aQdeU KleiQ, ​CDUO F. CDSHOOHQ​, ReiQhRld TilliQg, AQdUea BaXU-MelQ\k, ThRPaV KQ|Vel, VRlkPaU 
JaQVVRQ, HaQV RRlaQd D�UU: PigPeQWed VillRQRdXlaU S\QRYiWiV (GiaQW-cell TXPRU Rf TeQdRQ SheaWh) 
ReVXlWV Rf SXUgical aQd AdjXYaQW TheUaS\. IQWeUQaWiRQal SRcieW\ Rf LiPb SalYage (ISOLS), 12.05.2017, 
KaQa]aZa, JaSaQ.  

CDSHOOHQ C.F.,​ TiliQg R., KleiQ A., BaXU-MelQ\k A., KQ|Vel T., JaQVVRQ V., D�UU H.R.: PigPeQWed 
VillRQRdXlaU S\QRYiWiV (GiaQW-Cell TXPRU Rf TeQdRQ SheaWh) UeVXlWV Rf VXUgical aQd adjXYaQW WheUaS\ 
EMSOS 2016, 27./28.05.2016, La BaXle, FUaQkUeich.  

2.4. WeiWeUeV 
 
EiQgegaQgeQ PiW deQ XQWeUVXchWeQ FllleQ iQ eiQe gUR�e iQWeUQaWiRQale SaPPelVWXdie: 
 
MaVWbRRP MJL, PalPeUiQi E, VeUVSRRU FGM, RXeWeQ-BXdde AJ, SWacchiRWWi S, SWaalV EL, SchaaS GR, 
JXWWe PC, AVWRQ W, GeldeUblRP H, LeiWhQeU A, DaPPeUeU D, TakeXchi A, ThiR Q, NiX X, WXQdeU JS; 
TGCT SWXd\ GURXS, YaQ de SaQde MAJ. SXUgical RXWcRPeV Rf SaWieQWV ZiWh diffXVe-W\Se WeQRV\QRYial 
giaQW-cell WXPRXUV:  aQ iQWeUQaWiRQal, UeWURVSecWiYe, cRhRUW VWXd\. LaQceW OQcRl. 2019 
JXQ;20(6):877-886. dRi: 10.1016/S1470-2045(19)30100-7. ESXb 2019 ASU 24.  
 
MaVWbRRP MJL, SWaalV EL, VeUVSRRU FGM, RXeWeQ-BXdde AJ, SWacchiRWWi S, PalPeUiQi E, SchaaS GR, 
JXWWe PC, AVWRQ W, LeiWhQeU A, DaPPeUeU D, TakeXchi A, ThiR Q, NiX X, WXQdeU JS, YaQ de SaQde 
MAJ; TeQRV\QRYial GiaQW Cell TXPRUV (TGCT) SWXd\ GURXS. SXUgical TUeaWPeQW Rf LRcali]ed-T\Se 
TeQRV\QRYial GiaQW Cell TXPRUV  Rf LaUge JRiQWV: A SWXd\ BaVed RQ a MXlWiceQWeU-PRRled DaWabaVe Rf 
31 IQWeUQaWiRQal SaUcRPa CeQWeUV. J BRQe JRiQW SXUg AP. 2019 JXl 17;101(14):1309-1318 
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3. ​ELQOHLWXQJ XQG GUXQGODJHQ 
 
DaV KUaQkheiWVbild deU PigPeQWieUWeQ YillRQRdXllUeQ S\QRYialiWiV (PVNS), defiQieUW        
(WHO) alV RieVeQ]ellWXPRU deU SehQeQVcheideQ RdeU WeQRV\QRYialeU       
RieVeQ]ellWXPRU VWellW eiQe VehU VelWeQe abeU gXWaUWige, QeRSlaVWiVche PURlifeUaWiRQ         
deU MePbUaQa V\QRYialiV aXVgeheQd YRQ SehQeQVcheideQ, GeleQkkaSVelQ RdeU        
gaQ] VelWeQ aXch YRQ SchleiPbeXWelQ (BXUVeQ) daU.  
EUVWPalV beVchUiebeQ ZXUde eiQe lRkale, QRdXllUe VaUiaQWe deU EUkUaQkXQg 1852          
YRQ ChaVVaigQac aQ eiQeU Fle[RUVehQe deU HaQd ​[1]. 1909 ZXUde YRQ MRVeU die             
diffXVe EQWiWlW aP SSUXQggeleQk beVchUiebeQ, RhQe daVV biV daWR eiQe eiQheiWliche           
NRPeQklaWXU RdeU KlaUheiW �beU daV KUaQkheiWVbild e[iVWieUWeQ [2]. EUVW 1941 ZXUde           
deU BegUiff deU PVNS dXUch Jaffe, LichWeQVWeiQ XQd SXWUR geSUlgW [3].  
Die bWiRlRgie deU LlViRQ iVW dabei QichW YRlleQdV gekllUW. SR ZXUdeQ lhQlich Zie bei              
deU heUk|PPlicheQ AUWhUiWiV iQflaPPaWRUiVche ReakWiRQeQ deU S\QRYialPePbUaQ,       
TUaXPaWa [4] RdeU aXch geQeWiVche KRPSRQeQWeQ, bei gehlXfW aXfgefXQdeQeU         
E[SUeVViRQ YRQ kRlRQie-VWiPXlieUeQdeP FakWRU 1 (CSF1) XQd hlXfigeU W(1;2)         
TUaQVlRkaWiRQ, alV UUVache diVkXWieUW [5]. 
Die IQ]ideQ] iVW je Qach LiWeUaWXU VehU YaUiabel, iQVgeVaPW jedRch eheU geUiQg PiW             
dXUchVchQiWWlich eWZa 1,8 - 2 FllleQ / 100.000 EiQZRhQeUQ [6]. LaXW eiQeU dlQiVcheQ             
SWXdie aXV deP JahU 2012 beWUlgW die IQ]ideQ] iQ DlQePaUk alleUdiQgV VRgaU            
11-44%, je Qach SXbfRUP [7]. DieV VW�W]W die VeUPXWXQg eiQeU h|heUeQ IQ]ideQ] bei             
eiQeU geZiVVeQ DXQkel]iffeU PaQgelV UegiVWUieUWeU Fllle.  
DaV AlWeU deU EUkUaQkWeQ liegW iQ deU Regel ]ZiVcheQ deP 20. XQd 40. LebeQVjahU PiW               
eiQeP klaUeQ HlXfigkeiWVgiSfel ]ZiVcheQ deP 3. XQd 4. LebeQVjahU]ehQW [3]. Die           
VeUWeilXQg aXf MaQQ XQd FUaX iVW eWZa gleich [8].  
HeXWe XQWeUVcheideW PaQ ]Zei SXbfRUPeQ: die lRkale (QRdXllUe) YRQ deU diffXVeQ           
(Yill|VeQ) FRUP [9]. EUVWeUe fiQdeW Vich eheU iQWUaaUWikXllU, ZRbei leW]WeUe YRU alleP            
e[WUaaUWikXllU ]X fiQdeQ iVW. MeiVW iVW QXU eiQ GeleQk beWURffeQ, ZRbei daV VRUkRPPeQ             
abeU XbiTXiWlU (kleiQe- RdeU gUR�e GeleQke XQd deUeQ SehQeQVcheideQ) P|glich iVW.           
Dabei iVW daV KQiegeleQk aP hlXfigVWeQ (eWZa 60%) beWURffeQ; FRlgeQd die           
HlXfigkeiW deV BefallV iQ abVWeigeQdeU ReiheQfRlge: H�fWe, SSUXQggeleQk, SchXlWeU,         
EllbRgeQ, eWc. [4]. 
DaV BeVchZeUdebild deU PaWieQWeQ iVW VehU heWeURgeQ XQd UeichW YRQ eiQeU           
VchPeU]lRVeQ GeleQkVchZellXQg �beU SchPeU]eQ, EiQklePPXQg RdeU      
FUePdk|USeUgef�hl biV hiQ ]XU Y|lligeQ IPPRbiliVieUXQg [10].  
 
Die fU�h]eiWige DiagQRVWik VSielW eiQe eQWVcheideQde RRlle XP die VelWeQe          
EUkUaQkXQg ]X deWekWieUeQ XQd eiQeQ PeiVW laQgjlhUigeQ deVWUXkWiYeQ        
KUaQkheiWVYeUlaXf ]X YeUhiQdeUQ. KRQYeQWiRQelleV R|QWgeQ,     
MagQeWUeVRQaQ]WRPRgUaShie (MRT), CRPSXWeUWRPRgUaShie (CT) XQd eiQe BiRSVie       
]XU hiVWRlRgiVcheQ AXfaUbeiWXQg VWelleQ dabei die glQgigVWeQ VeUfahUeQ daU.         
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VeUVXche PiW hlPaWRlRgiVcheQ, biRchePiVcheQ XQd iPPXQRlRgiVcheQ      
UQWeUVXchXQgeQ alleiQ bliebeQ eUfRlglRV [11]. 
WlhUeQd PaQ iP R|QWgeQbild, iQ eWZa 33% deU diffXVeQ XQd 25% deU lRkaleQ Fllle              
QXU iQ VSlWeUeQ SWadieQ eURViYe, ]\VWiVche XQd SaUWiell VkleURVieUeQde         
KQRcheQllViRQeQ fiQdeW, VWellW daV MRT die VeQViWiYVWe deU QichW iQYaViYeQ MeWhRdeQ           
PiW W\SiVcheQ SigQalaXVl|VchXQgeQ dXUch EiVeQSigPeQWe daU [12], [13]. HiVWRlRgiVch         
fiQdeW PaQ iP TeQRV\QRYialgeZebe eiQe PURlifeUaWiRQ YRQ S\QRYiR]\WeQ, ZaV         
QachfRlgeQd eiQe EiQZaQdeUXQg YRQ EQW]�QdXQgV]elleQ Zie ].B. HiVWiR]\WeQ XQd PiW          
HlPRVideUiQ beladeQeQ MakURShageQ ]XU FRlge haW [14]. 
IQWUaRSeUaWiY, beiVSielVZeiVe PiWWelV eiQeU AUWhURVkRSie deV KQiegeleQkV RdeU bei         
RffeQeP ZXgaQg, ]eigeQ Vich W\SiVche bUlXQlich-gelbe, PaQchPal gU�Qliche Bellge         
b]Z. SchZellXQgeQ, die ebeQfallV dXUch eiQgelageUWe EiVeQSigPeQWe YeUXUVachW        
ZeUdeQ. 
TheUaSeXWiVch YRQ gUR�eU WichWigkeiW f�U daV LaQg]eiWeUgebQiV, YRU alleP iQ HiQblick           
aXf die Re]idiYUaWe, iVW die RSeUaWiYe SaQieUXQg. DeQ GRldVWaQdaUd VWelleQ hieUbei die            
RffeQe S\QRYekWRPie bei diffXVeP Befall b]Z. die PaUgiQale E[]iViRQ iQ lRkaleQ           
FRUPeQ daU [15]. DieV kaQQ eQWZedeU aUWhURVkRSiVch, RffeQ RdeU alV          
KRPbiQaWiRQVYeUfahUeQ geVcheheQ, ZaV kRQWURYeUV diVkXWieUW ZiUd [16]. 
 
Bei VehU ZeiW fRUWgeVchUiWWeQeQ KUaQkheiWVYeUllXfeQ PiW aXVgeSUlgWeQ       
KQRUSel-/KQRcheQVchldeQ RdeU ZXVWaQd Qach PehUfacheQ Re]idiYeQ kRPPeQ aXch        
TRWaleQdRSURWheVeQ, �beUZiegeQd aQ KQie XQd H�fWe, RdeU gaU eiQe AUWhURdeVe, ]XP           
BeiVSiel deV SSUXQggeleQkV, iQ FUage.  
Je Qach GU�QdlichkeiW XQd EUfahUXQg deV ChiUXUgeQ ZeUdeQ iQ deU LiWeUaWXU           
Re]idiYUaWeQ YRQ 15 biV 56 % beVchUiebeQ [10]. Dabei iVW die diffXVe deXWlich             
aggUeVViYeU alV die lRkale FRUP, VRdaVV bei iQkRPSleWWeU, QXU SaUWielleU S\QRYekWRPie           
Re]idiYUaWeQ biV 50% geQaQQW ZeUdeQ [16]. GeliQgW eiQe YRllVWlQdige ReVekWiRQ iVW           
daV LRkalUe]idiY PiW eWZa 10 % deXWlich geUiQgeU.  
UP die Re]idiYUaWe SRVWRSeUaWiY ]X VeQkeQ RdeU YRUhaQdeQe Re]idiYe ]X behaQdelQ           
VWeheQ iP RahPeQ deU adjXYaQWeQ TheUaSie die SeUkXWaQe SWUahleQWheUaSie [17], die           
RadiRV\QRYiRUWheVe (RSO) [18] PiW YWWUiXP-90 [19] XQd QeXeUdiQgV eiQe         
AQWik|USeUWheUaSie ]XU VeUf�gXQg [20].  
HieUbei gilW eV abeU die IQdikaWiRQ VWUeQg ]X VWelleQ, aXf die iQdiYidXelle SiWXaWiRQ deV              
PaWieQWeQ ]X achWeQ XQd die YeUfahUeQVVSe]ifiVcheQ NebeQZiUkXQgeQ ]X bedeQkeQ.         
SR eigQeW Vich die heUk|PPliche SeUkXWaQe SWUahleQWheUaSie YRU AlleP f�U fXlPiQaQWe           
KUaQkheiWVYeUllXfe, iQ deQeQ eiQe chiUXUgiVche SaQieUXQg QichW P|glich iVW RdeU bei           
VchlechW UeVekWableQ lRkaleQ Re]idiYeQ [20]. AlV NachWeil iVW ]ZeifelVRhQe daV RiVikR           
eiQeU ZZeiWQeRSlaVie dXUch iRQiVieUeQde SWUahlXQg ]X QeQQeQ. Die RSO, bei deU eiQ            
BeWa-SWUahleU iQ daV beWURffeQe GeleQk iQji]ieUW ZiUd, kaQQ QXU aQ GeleQkeQ PiW            
GeleQkkaSVel alV SUlfRUPieUWeP HRhlUaXP aQgeZeQdeW ZeUdeQ XQd QichW eQWlaQg         
YRQ SehQeQ. 
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Pe[idaUWiQib (PLX3397), eiQ VelekWiYeU CSF1R-IQhibiWRU, iVW akWXell iQ SWXdieQ PiW          
kleiQeU Fall]ahl alV eUfRlgVYeUVSUecheQd beVchUiebeQ ZRUdeQ, ZaV jedRch ZeiWeUeQ         
LaQg]eiWVWXdieQ bed�Ufe [21]. ZXdeP ZlUe eiQe DaXeUWheUaSie QRWZeQdig. AXch iVW          
daV SSekWUXP aQ XQeUZ�QVchWeQ NebeQZiUkXQgeQ dXUchaXV UeleYaQW. 
IPaWiQib alV ZeiWeUeU VeUWUeWeU deU T\URViQkiQaVe-IQhibiWRUeQ, deU Yia BlRckade deV          
�beUe[SUiPieUWeQ CSF1-Re]eSWRUV ZiUkW, ZeUdeQ kUaQkheiWVVWabiliVieUQde EffekWe      
]XgeVchUiebeQ [22].  
EiQe ZeiWeUe OSWiRQ iVW deU YaVkXllUe-eQdRWheliale-WachVWXPVfakWRU-AQWik|USeU      
(VEGF-aQWibRd\) BeYaci]XPab, deU aQ beVWiPPWeQ Gefl�ZaQdaQWeileQ aQVeW]W [23]. 
 
4. =LHOVHW]XQJ GHU UQWHUVXFKXQJHQ 
 
UQVeUe ZielVeW]XQg deU beideQ AUbeiWeQ ZaU eiQeUVeiWV, aQ eiQeP ZeQWUXP PiW           
eQWVSUecheQdeU Fall]ahl aQ beWURffeQeQ PaWieQWeQ, eiQe UeWURVSekWiYe       
hbeUVichWVaUbeiW PiW deQ geQeUelleQ ChaUakWeUiVWika deU PVNS XQd SSe]ifika YRQ          
BehaQdlXQg XQd EUgebQiVVeQ ]X eUVWelleQ. Dabei fRkXVVieUW Vich die eUVWe AUbeiW aXf            
die aXVgedehQWe, aggUeVViYe chiUXUgiVche SaQieUXQg. 
IQ eiQeP ]ZeiWeQ SchUiWW habeQ ZiU daV aP hlXfigVWeQ beWURffeQe KQiegeleQk           
heUaXVgeVXchW XQd die adjXYaQWe TheUaSiefRUP deU RSO be]�glich EiQflXVV aXf daV           
LRkalUe]idiY (LR) geQaXeU XQWeUVXchW. 
 
5. hEHUVLFKW 
 
5.1 MeWhRdeQ 
 
IQ die DaWeQbaQk ZXUdeQ 122 OSeUaWiRQeQ aQ 105 PaWieQWeQ iP AlWeU YRQ 12 - 82               
JahUeQ, die YRQ 1996 biV 2014 aQ XQVeUeU IQVWiWXWiRQ dXUchgef�hUW ZXUdeQ,           
aXfgeQRPPeQ. Dabei ZXUdeQ alle LlViRQeQ PiW VeUdachW aXf PVNS         
hiVWRSaWhRlRgiVch beVWlWigW XQd PiWWelV MRT SUlRSeUaWiY die Lage XQd daV AXVPa�           
deU EUkUaQkXQg beVWiPPW.  
Alle PaWieQWeQ eUhielWeQ eiQe RffeQe S\QRYekWRPie, die iQ PaQcheQ FllleQ dXUch eiQe            
diagQRVWiVche AUWhURVkRSie eUglQ]W ZXUde. F�U daV KQiegeleQk ZXUde eiQe         
KRPbiQaWiRQ aXV YeQWUaleU XQd dRUValeU S\QRYekWRPie f�U deQ diffXVeQ SXbW\S RdeU           
eiQe ³PiQi-RSeQ´ ReVekWiRQ bei lRkaleQ FRUPeQ aQgeZaQdW. Bei VehU VWaUk          
aXVgeSUlgWeP VeUlaXf eUfRlgWe eiQe ]Zei]eiWige ReVekWiRQ (YeQWUal gefRlgW YRQ         
dRUVal). NachfRlgeQd eUhielWeQ 2 PaWieQWeQ eiQe adjXYaQWe BeVWUahlXQg XQd 27 eiQe           
RSO. 
Bei deQ 32 PaWieQWeQ, deUeQ KQie PiW deP diffXVeQ T\S befalleQ ZaU, eUfRlgWeQ             
iQVgeVaPW 37 chiUXUgiVche IQWeUYeQWiRQeQ. AQVchlie�eQd eUhielWeQ daYRQ 26        
PaWieQWeQ eiQe DUeiShaVeQ-KQRcheQV]iQWigUaShie VRZie RSO XQd 11 keiQe        
(KRQWURllgUXSSe). 
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DaV FRllRZ-XS ZXUde Qach feVWgelegWeQ ]eiWlicheQ IQWeUYalleQ PiWWelV MRT         
dXUchgef�hUW. Die VWaWiVWiVche AXVZeUWXQg eUfRlgWe PiWWelV �blicheU MeWhRdeQ Qach         
KaSlaQ-MeieU, LRg-RaQk TeVW XQd Chi-QXadUaW TeVW. Die DXUchf�hUXQg deU SWXdieQ          
eUfRlgWe Qach GeQehPigXQg dXUch die EWhikkRPPiVViRQ deU Medi]iQiVcheQ FakXlWlW         
deU LXdZig-Ma[iPiliaQV-UQiYeUViWlW M�QcheQ (P 17-889) XQd PiW VchUifWlicheP        
EiQYeUVWlQdQiV deU PaWieQWeQ. 
 
5.2 EUgebQiVVe 
 
Bei eiQeU PediaQeQ NachVRUge YRQ 71 MRQaWeQ (13-238), ZRbei ]Zei PaWieQWeQ           
ZlhUeQddeVVeQ aXVVchiedeQ aXfgUXQd YRQ fehleQdeU EUUeichbaUkeiW, ]eigWe Vich iQ         
22 (18%) FllleQ eiQ Re]idiY iQQeUhalb YRQ dXUchVchQiWWlich 18 MRQaWeQ, ZRbei >90%            
deU Re]idiYe iQ deQ eUVWeQ dUei JahUeQ aXfWUaWeQ. HieUbei ZaUeQ YRQ deQ 22             
Re]idiYeQ 9 (11%) PUiPlU-Re]idiYe XQd 13 (34%) SekXQdlU-Re]idiYe. 
AP EQde XQVeUeU NachXQWeUVXchXQg (Qach ReVekWiRQ aXch YRQ Re]idiYbefXQdeQ)         
]eigWeQ Vich 6 (5%) YRQ 120 ReVekWiRQeQ PiW eiQeU PeUViVWeQ] deV TXPRUV. AXf die              
PaWieQWeQ]ahl be]RgeQ (Q = 103) ViQd daV 5.8%. 
IQ 66 (54%) FllleQ faQd Vich hiVWRSaWhRlRgiVch deU diffXVe T\S. 
Be]�glich deU PaWieQWeQ, die bei diffXVeP T\S deV KQieV RSeUieUW ZXUdeQ, kaP eV iP              
MiWWel Qach 19 MRQaWeQ SRVWRSeUaWiY iQ 9 (24%) FllleQ ]XP Re]idiY. VRQ dieVeQ 9              
Re]idiYeQ ZaUeQ 3 (17%) EUVW-Re]idiYe XQd 6 (32%) Re-Re]idiYe. IQ 26 FllleQ            
ZXUde eiQe RSO dXUchgef�hUW, ZRYRQ 6 (23%) eiQ Re]idiY eQWZickelWeQ. IQ deU            
KRQWURllgUXSSe RhQe RSO ]eigWeQ 3 YRQ 11 (27%) PaWieQWeQ eiQ Re]idiY [24], [25]. 
 
5.3 SchlXVVfRlgeUXQgeQ 
 
DaV KUaQkheiWVbild deU PigPeQWieUWeQ YillRQRdXllUeQ S\QRYialiWiV iVW eiQe VehU         
VelWeQe, gXWaUWige NeRSlaVie aXVgeheQd YRQ deU S\QRYialPePbUaQ PiW AXVbUeiWXQg         
iQ deQ GeleQkeQ XQd eQWlaQg YRQ SehQeQVcheideQ. DieV f�hUW PiWXQWeU ]X eiQeP            
hRheQ LeideQVdUXck deU PaWieQWeQ XQd bUiQgW ]XP Teil gURVVe EiQVchUlQkXQgeQ iQ           
deU MRbiliWlW iP AllWag PiW Vich. 
Wie iQ beideQ SWXdieQ ge]eigW gibW eV gXWe M|glichkeiWeQ kXUaWiY eiQ]XgUeifeQ. Dabei            
VWellW die aggUeVViYe chiUXUgiVche IQWeUYeQWiRQ deQ GRldVWaQdaUd daU, Zelche         
alleUdiQgV PiWXQWeU VchZieUig dXUch]Xf�hUeQ iVW XQd hRhe RSeUaWiYe EUfahUXQg         
eUfRUdeUW. 
IQ deU NachbehaQdlXQg VWeheQ diYeUVe OSWiRQeQ ]XU VeUf�gXQg, ZRbei ZiU eUVWPalV           
iQ deU LiWeUaWXU eiQe YeUgleicheQde UQWeUVXchXQg ]XU RSO aQ eiQeP hRPRgeQeQ           
KUaQkeQgXW dXUchf�hUeQ kRQQWeQ. Die RSO eUP|glichW dabei aXch PaWieQWeQ PiW          
hRheP RiVikR eiQeV LRkalUe]idiYV aXf daV geUiQgeUe RiVikR eiQeU VeUgleichVgUXSSe          
]XU�ck]Xf�hUeQ. AlV alleiQige AlWeUQaWiYe ]XU aggUeVViYeQ RSeUaWiYeQ ReVekWiRQ RdeU         
adjXYaQWeQ KRPSeQVaWiRQ bei PaQgelhafWeU EQWfeUQXQg kaQQ Vie VRPiW QichW gelWeQ. 
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F�U die GeVaPWSRSXlaWiRQ gilW eV eiQe ZeiWUeicheQde AXfkllUXQg �beU daV          
KUaQkheiWVbild bei bU]WeQ, Pedi]iQiVch WlWigeQ PeUVRQal XQd PaWieQWeQ        
YRUaQ]XbUiQgeQ XP eiQe fU�h]eiWig adlTXaWe DiagQRVWik XQd TheUaSie ]X eUUeicheQ. 
PURjekWe Zie die EWablieUXQg YRQ PaWieQWeQVelbVWhilfegUXSSeQ dieQeQ ]XP AXVWaXVch         
YRQ SeUV|QlicheQ EUfahUXQgeQ XQd akWXelleQ M|glichkeiWeQ deU TheUaSie XQd         
YeUbeVVeUQ deQ UPgaQg iP AllWag PiW dieVeU KUaQkheiW.  

6. OYHUYLHZ

6.1. MeWhRdV 

122 VXUgeUieV RQ 105 SaWieQWV aged 12 - 82 \eaUV, SeUfRUPed aW RXU iQVWiWXWiRQ fURP               
1996 WR 2014, ZeUe iQclXded iQ Whe daWabaVe. All leViRQV ZiWh VXVSecWed PVNS ZeUe              
cRQfiUPed hiVWRSaWhRlRgicall\ aQd Whe lRcaWiRQ aQd e[WeQW ZeUe defiQed SUeRSeUaWiYe          
b\ MRI.  
All SaWieQWV UeceiYed aQ RSeQ V\QRYecWRP\, iQ VRPe caVeV VXSSlePeQWed b\           
aUWhURVcRS\. FRU Whe kQee jRiQW a cRPbiQaWiRQ Rf aQWeUiRU aQd SRVWeUiRU V\QRYecWRP\            
fRU Whe diffXVe VXbW\Se RU "PiQi-RSeQ" UeVecWiRQV iQ lRcal fRUPV ZeUe aSSlied. If Whe              
diVeaVe ZaV e[WeQded, a WZR-VWage UeVecWiRQ ZaV SeUfRUPed. SXbVeTXeQWl\, 2          
SaWieQWV UeceiYed adjXYaQW UadiaWiRQ aQd 27 SaWieQWV a RSO. 
IQ Whe 32 SaWieQWV ZhRVe kQeeV ZeUe affecWed b\ Whe diffXVe W\Se, a WRWal Rf 37                
VXUgical iQWeUYeQWiRQV ZeUe SeUfRUPed. SXbVeTXeQWl\, 26 SaWieQWV UeceiYed RSO,11         
QRQe. 
The fRllRZ-XS ZaV SeUfRUPed b\ MRI aW fi[ed iQWeUYalV. SWaWiVWical eYalXaWiRQ ZaV            
SeUfRUPed XViQg VWaQdaUd PeWhRdV VXch aV KaSlaQ-MeieU, LRg-RaQk TeVW aQd          
Chi-STXaUe TeVW. 
The VWXdieV ZeUe cRQdXcWed afWeU aSSURYal b\ Whe EWhicV CRPPiVViRQ Rf Whe Medical             
FacXlW\ Rf Whe LXdZig-Ma[iPiliaQV-UQiYeUViW\ MXQich (P 17-889) aQd afWeU RbWaiQiQg          
ZUiWWeQ cRQVeQW Rf Whe SaWieQWV. 

6.2. ReVXlWV 

The PediaQ fRllRZ-XS WiPe ZaV 71 PRQWhV (13-238). TZR SaWieQWV ZeUe lRVW WR fRllRZ              
XS aV a UeVXlW Rf SRRU acceVV. 22 (18%) caVeV had a UecXUUeQce ZiWhiQ 18 PRQWhV                
aQd >90% Rf WRWal UecXUUeQceV RccXUUed ZiWhiQ Whe fiUVW WhUee \eaUV.  
Of Whe 22 UeVecWiRQV ZhR had UecXUUeQce ZiWhiQ 18 PRQWhV, 9 (11%) aQd 13 (34%)               
had SUiPaU\ aQd VecRQdaU\ UecXUUeQceV UeVSecWiYel\. 
AfWeU addiWiRQal UeVecWiRQV, aQd aW Whe eQd Rf Whe fRllRZ XS SeUiRd, 6 iQdiYidXalV had a                
SeUViVWeQce Rf WheiU PaligQaQc\. ThiV cRQVWiWXWed 5.8% Rf SaWieQWV (Q=103) aQd 5% Rf             
WRWal UeVecWiRQV SeUfRUPed (Q=120). 
DiffXVe hiVWRSaWhRlRg\ Rf Whe kQee ZaV fRXQd iQ 66 caVeV (54%). 
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Of Whe SaWieQWV ZiWh diffXVe SaWhRlRg\ ZhR ZeUe RSeUaWed RQ, 9 (24%) UeVecWiRQV had              
UecXUUeQce Rf afWeU 19 PRQWhV. Of WheVe 9 caVeV, 3 (17%) had a SUiPaU\ UecXUUeQce               
aQd 6 (32%) VecRQdaU\. 26 leViRQV ZeUe WUeaWed ZiWh RSO aQd 6 (23%) deYelRSed a               
UecXUUeQce. IQ Whe cRQWURl gURXS, ZhR did QRW XQdeUgRQe RSO, 3 (27%) SaWieQWV had              
a UecXUUeQce (Q=11) [24], [25]. 

6.3. CRQclXViRQV 

The SicWXUe Rf SigPeQWed YillRQRdXlaU V\QRYiWiV iV a UaUe, beQigQ SURlifeUaWiRQ VWaUWiQg            
fURP Whe V\QRYial PePbUaQe ZiWh VSUead iQ Whe jRiQWV aQd alRQg WeQdRQ VheaWhV. ThiV              
VRPeWiPeV leadV WR a high degUee Rf VXffeUiQg aQd UeVXlWV iQ PajRU UeVWUicWiRQV iQ              
PRbiliW\ iQ eYeU\da\ life. 
AV VhRZQ iQ RXU WZR VWXdieV, hRZeYeU, WheUe aUe gRRd SRVVibiliWieV fRU cXUaWiYe             
iQWeUYeQWiRQ. AggUeVViYe VXUgical iQWeUYeQWiRQV UeSUeVeQW Whe gRld VWaQdaUd. TheUe         
aUe YaUiRXV RSWiRQV aYailable fRU fRllRZ-XS WUeaWPeQW. 
We haYe QRW beeQ able WR dePRQVWUaWe a SRViWiYe effecW Rf adjXYaQW            
UadiRV\QRYiRUWheViV (RSO), aW Whe kQee jRiQW. We WhiQk RSO iV effecWiYe iQ UedXciQg             
Whe high QXPbeU Rf lRcal UecXUUeQceV iQ high UiVk SaWieQWV Zhich bUiQgV Whe UiVk iQ               
WhRVe SaWieQWV dRZQ WR Whe lRZeU UiVk Rf Whe cRQWURl gURXS. BXW iW caQQRW be UegaUded                
aV Whe aQ alWeUQaWiYe WR aggUeVViYe VXUgical UeVecWiRQ RU adjXYaQW cRPSeQVaWiRQ fRU            
iQadeTXaWe UeVecWiRQ. 
TeachiQg Whe W\Sical cliQical aQd UadiRlRgical SicWXUe Rf PVS PXVW be SURPRWed VR             
WhaW iW caQ be UecRgQiVed aQd WUeaWed aW aQ eaUl\ VWage. 

PURjecWV VXch eVWabliVhPeQW Rf SaWieQWV gURXSV WR e[chaQge e[SeUieQceV aQd          
WheUaSieV Pa\ iPSURYe Whe Za\ Whe SaWieQWV deal ZiWh WhiV diVeaVe iQ WheiU eYeU\da\              
liYeV. 
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7. ELJHQDQWHLO DQ GHQ YRUJHOHJWHQ AUEHLWHQ

DeU BeiWUag deV DRkWRUaQdeQ CaUl FeUdiQaQd CaSelleQ, deU iQ deP FachaUWikel           
³LRZeUiQg Whe UecXUUeQce UaWe iQ SigPeQWed YillRQRdXlaU V\QRYiWiV: A VeUieV Rf 120            
UeVecWiRQV´ alV EUVWaXWRU XQd iQ ³The effecWV Rf UadiRV\QRYiRUWheViV iQ SigPeQWed           
YillRQRdXlaU V\QRYiWiV Rf Whe kQee´ alV KR-AXWRU aXfWUiWW, XPfaVVW ]XP eiQeQ die            
KRQWakWaXfQahPe PiW deQ PaWieQWeQ, VRZie die eigeQVWlQdige EUhebXQg XQd         
AXVZeUWXQg deU PaWieQWeQdaWeQ. ZXP aQdeUeQ ZaU eU iQ ZXVaPPeQaUbeiW PiW PURf.           
DU. H.R. D�UU aQ deU kliQiVcheQ IQWeUSUeWaWiRQ deU DaWeQ, LiWeUaWXUUecheUche VRZie aQ            
deU VeUfaVVXQg XQd hbeUaUbeiWXQg beideU VeU|ffeQWlichXQgeQ Pa�geblich beWeiligW. 
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Lowering the recurrence rate in pigmented
villonodular synovitis: A series of 120 resections

Carl Ferdinand Capellen1, Reinhold Tiling2, Alexander Klein1,
Andrea Baur-Melnyk3, Thomas Knösel4, Christof Birkenmaier1, Falk Roeder5,6,
Volkmar Jansson1 and Hans Roland Dürr1

Abstract

Objectives. Tenosynovial giant-cell tumour or pigmented villonodular synovitis is an aggressive synovial proliferative
disease, with the knee joint being the most commonly affected joint. The mainstay of therapy is surgical resection.
The aim of this study was to evaluate the main patient characteristics, treatment and outcomes in a large single-
centre retrospective study, focusing on meticulous aggressive open surgical procedures.

Methods. From 1996 through 2014, 122 surgical interventions were performed in 105 patients. All patients underwent
open synovectomy and when the knee joint was affected, combined anterior and posterior synovectomy. Radiotherapy
was applied in 2 patients, radiosynoviorthesis in 27 patients.

Results. In histopathology, the diffuse type was seen in 66 (54%) lesions. Two patients were lost during follow-up. At a
median follow-up time of 71 months (range: 13!238), 22 (18%) lesions recurred within a median of 18 months, >90% in
the first 3 years. Out of those 22 recurrences, 9 (11%) were seen in primary disease and 13 (34%) were a second
recurrence. After renewed resection, 6 (5%) out of the 120 resections had persistent tumour at the end of follow-up.
Based on the number of patients with complete follow-up (n = 103), this represents 5.8%.

Conclusion. In diffuse-type pigmented villonodular synovitis, total synovectomy might be difficult to achieve. As shown
in our results and also in the literature, meticulous open resection, especially in difficult to approach areas such as the
popliteal space, reduces local recurrence rates. External beam radiation is an option in prevention of otherwise non-
operable local recurrences or in non-operable disease.

Key words: tenosynovial giant-cell tumour, PVS, surgery, recurrence, prognostic factors

Rheumatology key messages

. Pigmented villonodular synovitis has a high risk of recurrence after synovectomy in the first 3 years.

. Patients with already recurring lesions of pigmented villonodular synovitis are especially at risk for further
recurrence.

. Meticulous surgical resection reduces local recurrence rate in pigmented villonodular synovitis to less than 10%.

Introduction

Tenosynovial giant-cell tumour, historically known as pig-
mented villonodular synovitis (PVS), is a benign but ag-
gressive synovial proliferative lesion. It was first described

by Chassaignac [1] and termed PVS by Jaffe et al. [2]. PVS
is rare with an annual incidence of about 1.8 patients/mil-
lion and with a peak in the third or fourth decade of life [3].
The knee joint is the most commonly affected, followed by
the hip and ankle joints [4]. In tenosynovial tissue, a pro-
liferation of synoviocytes attracts inflammatory cells such
as histiocytes and hemosiderin-laden macrophages [5].
We now distinguish the localized (nodular)—where brown-
ish, villous and nodular tissue is seen, sometimes invading
the adjacent bone—from the diffuse type [6].

The aetiology of the lesion is still unknown but neoplas-
tic clones found in PVS often express colony-stimulating
factor 1 (CSF1) and frequently have a t(1; 2) translocation
[7]. Malignant transformation is reported in very few cases
[8]. Clinical presentation is nonspecific with symptoms
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such as swelling, pain and joint locking caused by nodular
lesions [9].

The mainstay of therapy is surgical resection either with
marginal excision in localized disease or with total syno-
vectomy in diffusely involved joints or tendon sheaths.
There is still controversy whether this should be done by
aggressive open synovectomy or by an arthroscopic ap-
proach, if feasible [10, 11]. Conventional radiotherapy as
well as radiosynoviorthesis might also affect the rate of
local recurrence (LR) or even cure the disease [12]. In
recent years, systemic antibody treatment with
PLX3397, a selective CSF1 receptor inhibitor, has shown
some favourable results [5].

The aim of our study was to evaluate the main patient
characteristics, treatment and outcomes in a large single-
centre retrospective study, focusing on meticulous ag-
gressive open surgical procedures.

Methods

Patient characteristics

From 1996 through 2014, 105 consecutive patients with
PVS were treated at our institution and a total of 122 sur-
gical interventions were performed. All lesions had a diag-
nosis of PVS based on histological features and
immunohistochemistry. In most cases, MRI was used to
preoperatively define the size and localization of the
tumour.

The median age of the 58 male and 47 female patients
was 42 years (range: 12!82) showing two peaks at 20!30
and 40!50 years, respectively. The affected anatomical
region was the knee joint in 58 patients, the feet in 16,
the hand in 11, the ankle joint in 9, the hip joint in 4, the
elbow joint and soft tissue at the lower calf with 2 each,
and sacral joints, soft tissue of the upper calf and shoulder
with 1 each. Pain (54%), swelling (40%), joint effusion
(12%) and knee locking (3%) were the typical symptoms.
The median duration of symptoms until diagnosis was
8 months (range: 0!428). For detection of recurrent le-
sions, sequential MRI had been used. Forty of the 122
resected lesions were already recurrences after previous
surgical resections.

Treatment characteristics

All patients underwent open synovectomy and in some
cases, an additional arthroscopy was performed for diag-
nostic reasons. At the knee, a combined anterior and pos-
terior synovectomy in diffuse PVS or mini open resections
in nodular diseases were performed. In large lesions (e.g.
involvement of all parts of the hind and middle foot), a
two-stage resection was performed. Adjuvant radiother-
apy was applied in 2 patients and radiosynoviorthesis in
27 cases at the knee following a standardized protocol
6!8 weeks after surgery: under sterile conditions, 185
MBq (5 mCi) of 90Y-colloid was administered, after the
intraarticular position of the needle tip was ensured by
an injection of radiopaque contrast under fluoroscopy.

Follow-up evaluation and statistical analysis

All but two patients could be contacted for this study. No
patient had deceased. MRI was the standard imaging mo-
dality for follow-up, starting 3 months after surgery, fol-
lowed by every 3 months in the first year, every 6 months
in the second year and then yearly for 5 years. However,
not all patients adhered strictly to that schedule.
Recurrence was defined either as a progressive lesion
with the typical appearance of PVS in MRI or by conclu-
sive histopathology from repeat excisions. The time to re-
currence was calculated from the date of surgery to the
date of the first imaging study with a recurrence (as diag-
nosed by imaging directly or by later histopathology).

The study was approved by the Ethics Committee of the
Faculty of Medicine, Ludwig-Maximilians-University Munich
(P 17-889). Written consent was obtained from all patients.

For statistical analysis, the recurrence-free survival was
calculated according to the Kaplan-Meier method.
Significance analysis was performed using the Log-Rank
test or the Chi-square test. The data analysis software
used was MedCalc, MedCalc Software, Ostend, Belgium.

Results

Diffuse PVS was seen in 66 (54%) lesions. Two patients
could not be contacted, leaving 120 resections in 103 pa-
tients for follow-up. At a median follow-up time of
71 months post-surgery (range: 13!238), 98 of the 120
resected patients showed no evidence of LR. Twenty-
two lesions recurred within a median of 18 months
(range: 3!75) after surgery (Fig. 1). Of those 22 recur-
rences, 9 (11%) were seen in primary disease whereas
13 (34%) were in already recurring cases (Fig. 2). Our LR
rate was 18% in total.

Including all locations, there was no statistically signifi-
cant difference between LR in diffuse and nodular forms
with regards to recurrence. At the knee, 8 of 36 (22%)
diffuse and 3 of 28 (11%) nodular lesions recurred (not
significant). Out of 29 patients who came to our depart-
ment with LR after having had the index surgery at other
institutions, 10 recurred again. Seven out of those 10 pa-
tients had further surgery with one LR treated in a third
surgery, which then again led to LR. Out of nine patients
with LR after initial resection at our institution, seven had
additional surgery, one recurred again and is disease-free
after a third surgery. In total, 6 out of 120 resection pa-
tients (5%) had persistent tumour at the latest follow-up.
Based on the number of patients with complete follow-up
(n = 103) this represents 5.8%.

Regarding radiotherapy, none of the two patients
showed recurrent disease. In 27 patients with adjuvant
radiosynoviorthesis, 7 (32%) recurred.

Six surgical complications were encountered in total:
one necrosis of the femoral condyle after total synovect-
omy of the knee and repeated radiosynoviorthesis/radio-
synovectomy; one peroneal nerve palsy with total
recovery; one deep infection; one instability of the collat-
eral ligament at the knee; and two wound revisions due to
haematomas.

Carl Ferdinand Capellen et al.
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Discussion

As described in literature, PVS shows a predilection for
young adults. In our large series, we found a previously
undescribed double-peak distribution, with the first peak
between 20 and 30 and the second between 40 and
50 years of age. Beyond these two peaks, we also saw
very young or much older patients with PVS. The latter
group had in some cases PVS diagnosed by coincidence
in the context of an arthroplasty procedure and in conse-
quence received additional synovectomy. There was no
statistically significant sex difference in our series, but we
observed a tendency towards males, which is in contrast
to most previsously published studies [13]. The duration of
symptoms prior to diagnosis was also independent of sex.
Our study does not focus on the diagnosis of PVS. MRI is
a well-established standard and was used for primary
diagnosis and in follow-up [14, 15].

Surgery remains the mainstay of therapy, but there is no
generally accepted standard as to what type of surgical
procedure should be preferred. Primarily with knee joint
PVS, but also when the hip is affected, arthroscopic and
open synovectomy are competing treatment modalities. In
a survey including 173 patients from 10 centres in
Germany and Austria, the rate of LR was very much de-
pendent on the number of cases treated [9]. Institutions
with <20 cases per year had an LR of 56%, those with
greater numbers ranged between 15 and 37%. In a large
meta-analysis including 630 patients with PVS of the
knee, in diffuse disease with open synovectomy or the
combination of open and arthroscopic synovectomy and
adjuvant external beam radiotherapy or radiosynoviorth-
esis in open and combined surgery, lower rates of LR (24
and 14%) as compared with arthroscopic synovectomy
(38%) could be shown. In the localized lesions, there
was no difference between the subgroups (LR 6!8%)
[10]. This reflects our own experience with a LR at the
knee of 22% in diffuse and 11% in localized forms, and
either open or combined open and arthroscopic

procedures. It is worth mentioning that the rate of joint
stiffness was higher (11%) after open surgery as com-
pared with arthroscopic (2%). A careful physical rehabili-
tation program therefore seems important especially after
open synovectomies. These results are in contrast to an-
other large meta-analysis on the same subject including
1019 patients [16]. In localized disease, LR was 7!9% for
both methods whereas in the diffuse form, arthroscopic
surgery did better (16%) than open surgery (23%).
Complications are described in 0% of arthroscopic resec-
tions and 19% of open synovectomy. However, in that
study radiotherapy in either form was not a selection
criterion.

The largest analysis with 214 PVS cases at the knee
was performed in the UK [11] with the chosen treatment
being nearly exclusively open synovectomy. In this series,
LR was 48% in diffuse forms and 9% in localized disease.
The authors did not discuss this specifically, but these
surprisingly poor results in diffuse forms might be due to
the fact that six different surgeons had performed those
cases over several years. The number of recurrent cases
at presentation (12%) in the UK study offers no adequate
explanation for those results (this study 29/105, 28%). So
as clearly shown by Bruns et al. [9], experience and me-
ticulous surgery is most important in aggressive diffuse
lesions.

During follow-up, one-third of LR were within the first
year, another third in the second and <10% after 3 years.
Therefore, follow-up MRIs every 6 months during the first
3 years should be able to detect >90% of all LR. LR has a
good chance of cure by additional surgery. LR in recurring
lesions was in total 34%, but eventually, 94% of the pa-
tients were free of tumour.

Radiotherapy is a valid option in patients with diffuse
disease that cannot be treated by means of surgery. Park
et al. [12] reported LR rates in 4 of 23 patients (17%)
treated with 12!34 Gy of external beam radiation with
PVS of the knee. But in all of these patients, either arthro-
scopic or open synovectomy was performed prior to ra-
diation. An LR of 0% after arthroscopic resection and

FIG. 1 Local recurrence-free survival in 120 surgical re-
sections of PVS

PVS: pigmented villonodular synovitis.

FIG. 2 The impact of recurrent disease on local recur-
rence-free survival (P = 0.0009)
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radiotherapy with 20!30 Gy in 26 patients was reported
by Li et al. [17]. Adjuvant radiosynoviorthesis/radiosyno-
vectomy with Yttrium-90 is also used in many patients
especially at the knee, and this was also the case in our
study. There are reports of favourable outcomes but
there is no clear indication for this method of treatment
[18, 19].

New approaches with an antibody-mediated inhibition
of the CSF1 receptor-kinase in a dose escalation study on
41 patients showed stable disease in eight cases and
one partial response. The subsequent treatment study in
23 patients showed 12 patients with stable disease and
7 with a partial response [5].

Conclusions

PVS is a rare aggressive lesion affecting most often the
knee but also any other synovial tissue. In localized dis-
ease, marginal resection shows favourable results
whereas in diffuse forms, total synovectomy might be dif-
ficult to achieve. As shown in our own results as well as in
the literature, meticulous resection especially in difficult to
approach areas like the popliteal space reduces LR rates.
Adjuvant external beam radiation is an option in preven-
tion of otherwise non-operable LRs or in non-operable
disease. In follow-up, two-thirds of LR were diagnosed
during the first 2 years, and <10% after 3 years. A
follow-up MRI every 6 months during the first 3 years
should be able to detect >90% of all LR.
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Abstract
Introduction Tenosynovial giant-cell tumor also known as pigmented villonodular synovitis (PVS) is a benign but aggressive 
synovial proliferative disease most often affecting the knee joint. The mainstay of therapy is surgical resection. Due to a high 
rate of local recurrence, radiosynoviorthesis (RSO) is used as an adjuvant method in many cases. The aim of this study was 
to compare local recurrence (LR) rates after surgical synovectomy with and without adjuvant RSO.
Materials and methods From 1996 to 2014, 37 surgical interventions were performed in 32 patients with diffuse pigmented 
villonodular synovitis of the knee. All patients underwent open synovectomy. Adjuvant radiosynoviorthesis (RSO) was 
applied in 26 cases, the control group consists of 11 cases without RSO.
Results 9 (24%) lesions recurred within a median of 19 months after surgery. Of those 9 recurrences, 3 (17%) were seen in 
primary disease, 6 (32%) in already recurring cases (n.s.). In 26 RSO treated patients 6 (23%) recurred, in 11 patients of the 
control group, 3 (27%) recurred (n.s.).
Conclusions RSO is effective in PVS as also shown in some smaller reports in the literature. But surgery is still the mainstay 
of therapy. RSO is not a method of compensating for an insufficient surgical approach, but it may reduce the high rate of LR 
in patients with large and even recurrent diffuse forms of the disease.

Keywords Synovitis · Pigmented villonodular · Giant cell tumor of tendon sheath · Synovectomy · Neoplasm recurrence · 
Local · Radiosynoviorthesis

Introduction

Tenosynovial giant-cell tumor, historically known as pig-
mented villonodular synovitis (PVS) is a benign but aggres-
sive synovial proliferative condition [4, 10]. PVS is compar-
atively rare with an annual incidence of about 1.8 patients/
million and occurs especially in adults in their third or fourth 
decade of life [16]. The knee joint is the most commonly 
affected joint in about 50% [24].

The etiology of the lesion is unknown, but neoplastic 
clones found in PVS often express colony-stimulating factor 
1 (CSF1) and frequently have a t(1; 2) translocation [23]. In 
the localized (nodular) as well as in the diffuse form, brown-
ish, villous and nodular growth can be observed, sometimes 
invading the adjacent bone [14]. The clinical presentation is 
nonspecific with symptoms such as swelling, pain and joints 
locking caused by interposition of nodular lesions [2].

The mainstay of therapy is surgical resection either with 
marginal excision in localized disease or with total syn-
ovectomy in diffusely involved joints or tendon sheaths [6]. 
Conventional radiotherapy, as well as radiosynoviorthesis 
might also affect the rate of local recurrence or even cure 
the disease [19]. Local recurrence (LR) is seen in more than 
20% of the cases localized in the knee with the diffuse form 
of the disease [1]. Therefore, adjuvant intra-articular radia-
tion synovectomy—radiosynoviorthesis—(RSO) has been 
employed for decades to reduce the risk of LR. The pub-
lished results in some very small series of patients seem 
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to be favorable (Table 1) but due to a lack of comparative 
studies with and without RSO, the overall benefits of RSO 
still remain unclear.

The aim of our study was to evaluate the treatment out-
comes in a large single-centre retrospective study compar-
ing patients after surgical synovectomy with and without 
adjuvant RSO.

Patients and methods

Patients

Between 1996 and 2014, 105 consecutive patients with PVS 
were treated in our institution and a total of 122 surgical 
interventions were performed. All lesions had a diagnosis of 
PVS based on histological features and immunohistochemis-
try. Preoperatively, predominantly magnetic resonance imag-
ing (MRI) was used to define the size and localization of 
the tumor. All patients underwent surgical resections. This 
group has been described in detail before [3]. Out of those 
58 (55%) patients had an involvement of the knee of which 
26 (45%) were of the nodular type and 32 (55%) showed 
diffuse disease.

These latter 32 patients together with 37 surgeries consti-
tute the study population. RSO was performed in 26 cases 
(70%). 11 Cases without RSO were used as the control.

The mean age in both groups was 49 (14–82) years. The 
RSO group consisted of 12 male and 14 female patients and 
the control group of 4 male and 7 female patients (n.s.). 
Patients with already recurrent disease were seen in 50% 
(RSO) and 46% (control) (n.s.).

The mean duration of symptoms prior to diagnosis was 
26 (0–151) months in the RSO and 19.4 (0–115) months in 

the control group (n.s.). Progressive MRI findings were used 
as a marker of LR.

All patients underwent open synovectomy, in some cases 
additional arthroscopy for diagnostic reasons was performed 
prior to the actual surgical resection which consisted of a 
combined anterior and posterior open synovectomy. Adju-
vant external beam radiotherapy or systemic targeted therapy 
were not utilized.

Three-phase bone scintigraphy

Three-phase bone scintigraphy was performed 24 h before 
RSO using a dual-detector (E.CAM, Siemens Medical Solu-
tions, Erlangen, Germany) with a low-energy, high-resolu-
tion collimator (LEHR) and the energy window centered on 
the 140-keV 99mTc photopeak. Blood flow scans (first phase) 
consisted of serial dynamic images of the knee acquired for 
2 min directly after iv injection of 500 MBq 99mTc-methyl-
ene diphosphonate (99mTc- MPD). Subsequently, blood pool 
images (second phase) were obtained for 2 min in the same 
position. Three hours later, whole-body delayed images 
(third phase) were acquired using a 15 cm/min table speed.

Radiosynoviorthesis (RSO)

RSO was performed under sterile conditions following 
a standardized protocol owing to the guidelines after the 
exclusion of contraindications 6–8 weeks after surgery. 
Under sterile conditions, the lateral suprapatellar recess 
was punctured, and 185 MBq (5 mCi) of 90Y-colloid was 
administered, after the intraarticular position of the needle 
tip was ensured by an injection of radiopaque contrast under 
fluoroscopy. Intra-articular distribution of the radiopharma-
con was verified by Bremsstrahlung imaging.

Table 1  Systematic review of studies reporting effectiveness of radiosynoviorthesis in PVS

* Recurrence before treatment in the study

Author Year Patients (n) Knee + RSO (n) Recurrent 
cases* (n)

Clinical benefit knee (n) Radiological 
benefit knee 
(n)

Franssen et al. [7] 1989 8 8 6 4 (50%) –
Gumpel et al. [8] 1991 9 9 5 6 (67%) –
Kat et al. [11] 2000 11 8 3 8 (100%) 8 (100%)
Chin et al. [5] 2002 40 30 30 Benefit in score 25 (83%)
Shabat et al. [20] 2002 10 6 4 6 (100%) 6 (100%)
Ward et al. [22] 2007 9 6 0 6 (100%) 5 (83%)
Öztürk et al. [18] 2008 7 7 0 – 7 (100%)
Zook et al. [25] 2011 9 8 7 6 (75%) –
Ottaviani et al. [17] 2011 122 50 0 Benefit in score 35 (70%)
Koca et al. [12] 2013 15 15 10 13 (87%) 15 (100%)
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Follow-up

All patients were contacted for this study and no patient had 
died or been lost to follow-up. MRI was used for follow-
up imaging, routinely starting 3 months after surgery, then 
every 3 months in the 1 year, every 6 months in the second 
year and then yearly for 5 years. Not all patients adhered 
strictly to that schedule. Recurrence was defined either as a 
progressive typical appearance of PVS in MRI or histologi-
cally proven in a second surgery. For calculating the time to 
recurrence, the date of surgery was used as baseline.

Statistical analysis

For statistical analysis, the recurrence-free interval was cal-
culated by the Kaplan–Meier method. Significance analysis 
was performed using the log-rank test or the Chi-square test. 
The data analysis software used was MedCalc®.

Ethics approval and consent to participate

This study was approved by the ethics committee of the 
Medical Faculty, University of Munich. Written consent was 
obtained from all the patients included in this study.

Results

At a median follow-up time of 49 months (14–193), 28 of 
the 37 resected patients showed no evidence of LR. 9 (24%) 
lesions recurred within a median of 19 months (3–75) after 
surgery (Fig. 1). From those 9 recurrences, 3 (17%) were 
seen in primary disease, 6 (32%) in already recurring cases 
(Fig. 2) (n.s.).

In 26 RSO treated patients, 6 (23%) recurred, in 11 
patients of the control group 3 (27%) recurred (Fig. 3) 
(n-s.).

In 13 patients with local recurrences after treatment in 
other hospitals, 5 recurred again following second surgery 
in our Department. Of those five patients 3 had further 
surgery with a third LR in one case. In 3 cases with LR 
after initial resection in our Department, all 3 had a second 
resection and are disease free at final follow-up. Overall, 
out of 37 resections, four patients (11%) had LR at final 
follow-up. All 4 had undergone RSO.

Fig. 1  Local recurrence-free survival in 37 patients with PVS of the 
knee

Fig. 2  The impact of recurrent disease on local recurrence-free sur-
vival (n.s.)

Fig. 3  The impact of Radiosynoviorthesis on local recurrence-free 
survival (n.s.)
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Discussion

Radiosynoviorthesis is effective in diffuse forms of Pig-
mented Villonodular Synovitis. Even in tight joints as 
the hip RSO is an option for adjuvant therapy [9]. In this 
study, RSO reduced the rate of LR in patients with high-
risk forms of the disease (large, recurrent, diffuse) to the 
moderate “normal” risk of diffuse PVS at the knee.

1. Surgery is the mainstay of therapy. In a large meta-
analysis including 630 patients with PVS of the knee in 
diffuse disease with open synovectomy and the combi-
nation of open and arthroscopic synovectomy or arthro-
scopic synovectomy, only LR was seen in 23% and 26%, 
respectively.

2. To the best of our knowledge, only the study of Chin 
et al. in 2002 compared 5 patients with surgery alone 
(LR 0%), 30 with surgery and RSO (LR 15%) and 5 
with surgery and external beam radiation (LR 40%). 
In a subset of studies including RSO, the LR rate was 
14% in 43 patients, with external beam radiation 11% 
in 123 patients, compared to 37% in 282 patients with-
out any form of adjuvant radiation (p < 0.001) [15]. The 
difference was more pronounced in patients receiving 
arthroscopic synovectomy only. Therefore, the authors 
concluded that any form of radiation therapy may have 
most benefit in those patients with residual disease. They 
also did not see any negative influence of these treat-
ments on joint function or wound healing.

Taking into account only those 3 studies using RSO in 
more than 10 patients with diffuse PVS at the knee, the 
rate of LR was 21% in 95 patients. This reflects our own 
experience. The most optimistic results with 0% LR had 
been published in small, single-digit case series.

3. The major limitation of our study is its retrospective, 
non-randomized character. This data has hence to be 
interpreted with several restrictions. The number of 
patients with already recurring disease was close to 50%. 
LR, therefore, had to be expected in a greater number of 
cases. In primary disease, LR was 17%, leaving not too 
much opportunity to lower this rate with RSO. In recur-
rent disease and due to the fact of our institution being 
a tertiary reference center, many of the cases had exten-
sive disease and hence a worse prognosis from the out-
set. The indication for RSO might have been as in many 
retrospective studies biased by the fact that the indica-
tion for treatment was especially seen in those patients 
with an anticipated worse prognosis. However, and not-
withstanding these limitations, our data suggests that 
RSO is not a method of compensating for an insufficient 

surgical resection, but rather that RSO might reduce the 
high rate of LR in patients with large and even recurrent 
diffuse forms of the disease to a risk similar to that of an 
average patient with a less problematic disease extent.

4. As a second or third step in increasingly aggressive ther-
apy, external beam radiation has to be mentioned as a 
further option in patients with diffuse disease for which 
an adequate surgical option does not exist [19]. Park 
et al. reported LR rates of 4 out of 23 patients (17%) 
treated with 12–34 Gy of external beam radiation at the 
knee. But in all of these patients, either arthroscopic 
or open synovectomy had been performed before. A 
LR of 0% after arthroscopic resection and radiotherapy 
with 20–30 Gy in 26 patients was reported by Li et al. 
[13]. Recently systemic approaches with an antibody 
blockade of CSF1R Kinase in a dose escalation study in 
41 patients showed 8 subjects with stable disease and 1 
with a partial response, whereas in the following treat-
ment study on 23 patients, 12 had stable disease and 7 
had partial responses [21]. Therefore, this novel therapy 
might present an additional option for PVS patients who 
have exhausted local therapies.

Conclusions

Radiosynoviorthesis is effective in diffuse forms of Pig-
mented Villonodular Synovitis. But surgery is still the main-
stay of therapy. RSO is not a method of compensating for 
an insufficient surgical approach, but it may reduce the high 
rate of LR in patients with large and even recurrent diffuse 
forms of the disease. Its use should, therefore, be limited 
as an adjuvant therapy to patients after total synovectomy 
leaving no visible disease behind with a considerable risk 
of local recurrence.
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11. DDQNVDJXQJ  
 
 
 
 
MeiQ DaQk gilW YRU AlleP PeiQeP DRkWRUYaWeU HeUUQ PURf. DU. Ped. HaQV-RRlaQd D�UU, deU              
PiU alV MeQWRU XQd UQWeUVW�W]eU bei deU EUVWellXQg dieVeU ZiVVeQVchafWlicheQ AUbeiW PiW RaW             
XQd TaW ]XU SeiWe VWaQd.  
 
 
WeiWeUhiQ daQke ich PeiQeQ ElWeUQ XQd PeiQeP BUXdeU, die Pich VWeWV XQWeUVW�W]eQ XQd             
deQeQ ich Qahe]X alleV YeUdaQke. 
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